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FOREWORD

The general philosophy underlying this Power Piping Code is to parallel those provisions of Section I, Power Boilers, of
the ASME Boiler and Pressure Vessel Code, as they can be applied to power piping systems. The allowable stress values for
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e Power Piping Code as currently written does not differentiate among the design, fabrication, and et
ments for critical and noncritical piping systems, except for certain stress calculations and mandator]
tructiyve tests of welds for heavy wall, high-temperature applications. The problem involved is to try'to reach ¢

piping are gpnprnl]y consistent with thaose nccignpd for power boilers_This Cade is more conservative

piping codes, reflecting the need for long service life and maximum reliability in power plant instal

w to evaluate criticality, and to avoid the inference that noncritical systems do not requise competence
will be overcome.

ver, the Code is not a handbook and cannot substitute for education, experience;and sound engineering
ht with the Code. Although written in mandatory language, these Appendicésiare offered for application at
tion.
ete and rigorous analysis consistent with the design criteria @f.this Code may justify a method different
ied in the Code and still satisfy the Code requirements.
ation practices, and testing techniques; and endeavorste keep the Code updated to permit the use of accep

Dpments.
ME B31.1-2024 was approved by the American National Standards Institute on August 21, 2024.

ations.

ection re-
y nondes-

greement
in design,

ation, and erection. Someday such levels of quality may be definable, so that the need ferthe many different piping

bre are many instances where the Code serves to warn a designer, fabricator, orserector against possibjle pitfalls;

udgment.

hmandatory Appendices are included in the Code. Each contains information.orfa specific subject, and is maintained

the user’s

b Code never intentionally puts a ceiling limit on conservatism. The)designer is free to specify more-rigid require-
b if the designer feels such requirements are justified. Conversely, a designer who is capable of applyihg a more

from that

e Power Piping Committee strives to keep abreast of the'\current technological improvements in new [materials,

table new
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CORRESPONDENCE WITH THE B31 COMMITTEE

General. ASME codes and standards are developed and maintained by committees with the intent to represent the
consensus of concerned interests. Users of ASME codes and standards may correspond with the committees to propose

revisions pr cases, report errata,_or request interpretations (‘nrrncpnndpnr‘p for this Code should be sent to the staff

secretary [noted on the committee’s web page, accessible at https://go.asme.org/B31committee.

Revisions and Errata. The committee processes revisions to this Code on a continuous basis to incorporate chpnges
thatappedr necessary or desirable as demonstrated by the experience gained from the application of the/Code. Appfoved
revisions will be published in the next edition of the Code.

In addifion, the committee may post errata on the committee web page. Errata become effective.on the date ppsted.
Users can| register on the committee web page to receive email notifications of posted errata.

This Cofle is always open for comment, and the committee welcomes proposals for revisionssStich proposals shopild be
as specifid as possible, citing the paragraph number, the proposed wording, and a detailed.-description of the reasojs for
the propdsal, including any pertinent background information and supporting documéntation.

Cases
(a) Thg most common applications for cases are
(1) tp permit early implementation of a revision based on an urgent'deed
(2) tp provide alternative requirements
(3) tp allow users to gain experience with alternative or potential additional requirements prior to incorpoyation
directly into the Code
(4) tp permit the use of a new material or process
(b) Usdrs are cautioned that not all jurisdictions or owners gutomatically accept cases. Cases are not to be consiflered
as approviing, recommending, certifying, or endorsing any-proprietary or specific design, or as limiting in any way the
freedom qf manufacturers, constructors, or owners to,choose any method of design or any form of constructiop that
conforms|to the Code.
(c) Apifoposed case shall be written as a questionrand reply in the same format as existing cases. The proposal shall also
include the following information:
(1) 4o statement of need and background information
(2) the urgency of the case (e.g., the €ase concerns a project that is underway or imminent)
(3) the Code and the paragraphyfigure, or table number
(4) the editions of the Code to which the proposed case applies
(d) A cjse is effective for use when the public review process has been completed and it is approved by the cogizant
supervisofy board. Approved{cases are posted on the committee web page.

Interpré¢tations. Upon request, the committee will issue an interpretation of any requirement of this Code. An finter-
pretation [can be issued only in response to a request submitted through the online Inquiry Submittal Form at ht{ps://
go.asme.ofg/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic email confirming
receipt.

ASME doeshetact as a consultant for specific engineering problems or for the general application or understanding of
the Code rlequirements. If, based on the information submitted, it is the opinion of the committee that the inquirer lould
seek assistance, the request will be returned with the recommendation that such assistance be obtained. Inquirers can
track the status of their requests at https://go.asme.org/Interpretations.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
committee or subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.

Interpretations are published in the ASME Interpretations Database at https://go.asme.org/Interpretations as they are
issued.

» o«
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Committee Meetings. The B31 Standards Committee regularly holds meetings that are open to the public. Persons
wishing to attend any meeting should contact the secretary of the committee. Information on future committee meetings
can be found on the committee web page at https://go.asme.org/B31committee.
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INTRODUCTION

The ASME B31 Code for Pressure Piping consists of a
number of individually published Sections, each an Amer-

This is the B31.1 Power Piping Code Section. Hereafter,
in this Introduction and in the text of this Code Section

ican Natipnal Standard under the direction of ASME B31.1 where the word Code is used without specificiden-
Committeg B31, Code for Pressure Piping. tification, it means this Code Section.

Rules fdr each Section have been developed considering Itis the owner’s responsibility to select the Gode S¢ction
the need [for application of specific requirements for that most nearly applies to a proposed piping installation.
various types of pressure piping. Applications considered Factors to be considered by the owner include limitations
for each (ode Section include of the Code Section, jurisdictional requirements, and the

applicability of other codes and standards. All appljcable
B31.1 Power Piping: piping typically found in requirements of the selected Gode Section shall b¢ met.
electric power generating stations, For some installations, more:than one Code Section may
industrial and institutional plants, apply to different parts of the installation. The owhper is
geothermal heating systems, and central also responsible for impodsing requirements suppl¢men-
and district heating and cooling systems tary to those of the selected Code Section, if necessgry, to
B31.3 Process Piping: piping typically found in assure safe pipingfor the proposed installation.
petroleum refineries; onshore and Certain piping within a facility may be subject to|other
offshore petroleum and natural gas codes and standards, including but not limited to
production facilities; chemical, - ASME"Boiler and Pressure Vessel Code, Sectign III:
pharmaceutical, textile, paper, ore- nuclearpower piping
processing, semiconductor, and cryogenic —-ANSI Z223.1/NFPA 54 National Fuel Gas Code: piping
plants; food- and beverage-processing forfuel gas from the point of delivery to the connectjion of
facilities, and related processing plants each fuel utilization device
and terminals - NFPA Fire Protection Standards: fire protdction
B31.4 Pipeline Transportation Systems for Liquids systems using water, car.bon dioxide, halon, foam, dry
and Slurries: piping transporting products chemicals, and wet chemicals _
that are predominately liquid bétwéen - NFPA 85 Boiler and Combustion Systems Hagards
plants and terminals, and within terminals Code o ) )
and pumping, regulating, afid' metering - building and plumbing codes, as applicablp, f(.)r
stations potable hot and cold water, and for sewer and (drain
. . . systems
B315 Refrigeration P‘p‘,“g a(fd, Heat .Transfer The Code specifies engineering requirements dedemed
Components: piping for refrigerants and necessary for safe design, construction, operatior, and
secondary coqRg)s maintenance of pressure piping. While safety is the|over-
B31.8 Gas Transmission and Distribution Piping riding consideration, this factor alone will not necessarily
Systems; piping transporting products govern the final specifications for any piping installation
that arespredominately gas between or operation. The Code is not a design handbook. [Many
sources and terminals, including decisions that must be made to produce a safe piping
eompressor, regulating, and metering installation and to maintain system integrity are not speci-
stations; and gas gathering pipelines fied in detail within this Code. The Code does notserye as a
B31.9 Building Services Piping: piping typically SUDSTITUTE 10T SOUnd engineering judgment by the owner
found in industrial, institutional, and the designer.
commercial, and public buildings, and in To the greatest possible extent, Code requirements for
multi-unit residences, which does not design are stated in terms of basic design principles and
require the range of sizes, pressures, and formulas. These are supplemented as necessary with spe-
temperatures covered in ASME B31.1 cific requirements to ensure uniform application of prin-
B31.12  Hydrogen Piping and Pipelines: piping in ciples and to guide selection and application of piping

gaseous and liquid hydrogen service, and
pipelines in gaseous hydrogen service

Xiv

elements. The Code prohibits designs and practices
known to be unsafe and contains warnings where
caution, but not prohibition, is warranted.
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The Code generally specifies a simplified approach for
many of its requirements.

For design and construction, a designer may choose to
use a more rigorous analysis to develop design and
construction requirements. When the designer decides
to take this approach, the designer shall provide to the
owner details and calculations demonstrating that
design, construction, examination, and testing are consis-
tent with the criteria of the Code. These details shall be

first phase of activity covering a piping system or
systems shall be the governing document for all
design, materials, fabrication, erection, examination,
and testing for the piping until the completion of the
work and initial operation.

Users of this Code are cautioned against making use of
revisions without assurance that they are acceptable to
the proper authorities in the jurisdiction where the
piping is to be installed.

adeqpate—for-the-ownerto—verify-thevalidity-of-the Code—users—will-rote—that-clausestatheCotle are not
apprpach and shall be approved by the owner. The necessarily numbered consecutively. Such disegntinuities
details shall be documented in the engineering design. result from following a common outlinefinsofdr as prac-

Foi operation and maintenance, an owner may choose ticable, for all Code Sections. In this way; corrgsponding

to usd
maint
take 1
calcu

amore rigorous approach to develop operation and
enance requirements. When the owner decides to
his approach, the owner shall provide details and
ations demonstrating that such alternative practices
are cpnsistent with the general philosophy of the Code.
The ¢letails shall be documented in the operating
recorfls and retained for the lifetime of the facility.

This Code Section includes the following:

(a)| references to acceptable material specifications
and cpmponent standards, including dimensional require-
ment$ and pressure-temperature ratings

(b)| requirements for design of components and assem-
blies, |including pipe supports

(c)|requirements and data for evaluation and limitation
of stifesses, reactions, and movements associated with
pressure, temperature changes, and other forces

(d)| guidance and limitations on the selection and appli-
cation of materials, components, and joining methods

(e)| requirements for the fabrication, assembly, and
erectjon of piping

(f)|requirements for examination, inspection, and
testing of piping

(g)| requirements for operation\and maintenance of
piping systems

Either U.S. Customary (USC).erinternational System (SI,
also known as metric) unitssmay be used with this edition.
Local|customary units.may’also be used to demonstrate
compliance with this{Code. One system of units should be
used fonsistently for) requirements applying to a specific
installation. It~iS_the responsibility of the organization
perfdrming‘calculations to ensure that a consistent
system of uhits is used.

Itig intended that this edition of Code Section B31.1 not

material is correspondingly numbered in most Code
Sections, thus facilitating reference by those who have
occasion to use more than one Section.

The Code is under the direction of ASME (Jommittee
B31, Code for Pressure“Piping, which is orgapized and
operates under progedures of The American Society of
Mechanical Enginéers that have been accredited by the
American Natjonal Standards Institute. The Jommittee
is a continuing one, and keeps all Code|Sections
current withvhew developments in materials,|construc-
tion, andhindustrial practice. New editions are [published
at intérvals of two to five years.

When no Section of the ASME Code for Presspire Piping
specifically covers a piping system, at the user’s gliscretion,
the user may selectany Section determined to b¢ generally
applicable. However, it is cautioned that supplementary
requirements to the Section chosen may be nefessary to
provide for a safe piping system for the intenddd applica-
tion. Technical limitations of the various Sectjons, legal
requirements, and possible applicability of other codes
or standards are some of the factors to be cpnsidered
by the user in determining the applicability of any
Section of this Code.

Materials are listed in the stress tables only when suffi-
cientusage in piping within the scope of the Codp has been
shown. Materials may be covered by a Case but are not
considered listed materials unless specifically|identified
as such in the Case (please see the Correspondence With
the Committee page for further information ¢n Cases).
Requests for listing shall include evidence of sgtisfactory
usage and specific data to permit establishment of allow-
able stresses, maximum and minimum temperﬂlelre limits,

and other restrictions. Additional criteria can be found in

be retroactive. Unless agreement is specifically made
between contracting parties to use another edition, or
the regulatory body having jurisdiction imposes the
use of another edition, the latest edition issued at least
6 months prior to the original contract date for the

XV

the guidelines for addition of new materials in ASME
Boiler and Pressure Vessel Code, Section II. (To
develop usage and gain experience, unlisted materials
may be used in accordance with para. 123.1.)


https://asmenormdoc.com/api2/?name=ASME B31.1 2024.pdf

ASME B31.1-2024
SUMMARY OF CHANGES

Following approval by the ASME B31 Standards Committee and ASME, and after public review, ASME B31.1-2024 was

approved

Througho
identified
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23
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26
28
29

39
39
39
40
53
59
68

72
74
75
75
76

by the American National Standards Institute on August 21, 2024.
ut this Code, reference citations have been updated. ASME B31.1-2024 also includes the following chpnges
by a margin note, (24).
Location Change
Correspondence With the B31 Added
Committee
Introduction Revised
100.1.1 Last sentence revised
100.1.2 Subparagraph (c) added
Figure 100.1.2-4 Caption designators updated
100.2 (1) Definitions of designer and pipe added
(2) Definitions of emiployer; stresses: displacement stress; and tube
revised
(3) Definition~of pipe and tube deleted
101.5.2 Third sefitence added
101.5.3 Third sentence added
102.2.2 Eirst paragraph revised
102.3.2 Titles of subparas. (a) and (b) revised; subpara. (a)(3) revised
Table 102.4.3-1 Title revised
102.4.5 First sentence in subpara. (a)(1) and last sentence in subpara. (b)
revised
104.1.2 In subpara. (a), footnote 3 and item (1) in definition of t,, reviised
104.2.3 Subparagraph (c)(1) revised
104.3.1 Subparagraphs (a), (c), (c)(6), (d)(2)(-b), (g)(4), and (g)(5
revised
104.8 First paragraph revised
104.81 Definition of S, added
104.8.2 Definition of P, deleted
Figure 104.8-1 Revised
12624 Last-senteneerevised
122.1.7 Subparagraph (b)(5) revised
122.8.1 (1) Last sentence in subpara. (a) added
(2) Last sentence in subpara. (d)(1) revised
123.1.2 First paragraph revised
124.4 Second sentence revised
124.7 Subparagraph (a) revised
124.9 Second sentence revised
125.2 Added

XVi
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updated

or Class

r API 5L,

ided, for
r A234,

dA1091

Page Location Change
78 Table 126.1-1 Updated
87 127.2.1 Subparagraph (g) added and former subpara. (g) redesignated
88 127.3 Subparagraph (f) added
99 Figure 127.4.8-7 Cross-reference in illustration (b) updated
100 127.5.2 Revised
100 127.5.3 Revised
101 127.6 Revised
101 128.5.2 Revised
101 128.5.3 Revised
102 128.6 Revised
103 Table 129.3.3.1-1 Note (3)(a) revised
106 131.6.2 Subparagraph (a)(1)(-c) revised
108 Table 132.1.1-1 (1) Holding Temperature Range for'\P>No. 15E, Group 1
(2) Note (7) revised and Note (8)-added
107 132.2 Subparagraphs (a) and (c), reyised
112 132.7 Penultimate sentence revised
113 135.3 Revised in its entirety.
115 136.1.2 Subparagraph (c)‘added
115 136.2.1 First sentence revised
117 Table 136.4.1-1 General Note, (f) revised
118 136.4.5 Second-te:last paragraph in subpara. (b) revised
119 136.4.7 First.sentence revised
120 137.21 Revised in its entirety
120 137.2.4 Last sentence revised
122 137.8 Second sentence revised
124 138 First paragraph revised
127 149 Revised in its entirety
130 Table A-1 (1) Under Furnace Butt Welded Pipe, for API 5L, Type
deleted
(2) Under Electric Resistance Welded Pipe and Tube, fo
Type or Class deleted
(3) General Note (a) revised
144 Table”A-2 (1) Under Electric Fusion Welded Pipe — Filler Metal A
A691, Note (19) added
(2) Under Wrought Fittings (Seamless and Welded), fd
Note (19) added
(3) Under Castings, stress values for A217 Grade C12A an
Grade C91 revised
(4) General Note (a) Tevised
(5) Note (19) added
156 Table A-3 (1) Under Seamless Pipe and Tube: Austenitic, for A21

and A376, Notes revised

3, A312,

(2) Under Welded Pipe and Tube — Without Filler Metal:

Austenitic, for A249 and A312, Notes revised

(3) Under Welded Pipe — Filler Metal Added: Austenitic,
and A409, Note (29) added

(4) Under Plate, Sheet, and Strip: Austenitic, for A240,
revised

xvii

for A358

Notes


https://asmenormdoc.com/api2/?name=ASME B31.1 2024.pdf

Page

192
206
210

216

224
232
236

266
267
271

277

282
283
286
287
287
289
290
291
292
292
293
293

otes

P41,

otes

Location Change
(5) Under Forgings: Austenitic, Spec No. A182 added and N
revised
(6) Under Forgings: Austenitic, for A965, Note (29) added
(7) Under Fittings (Seamless and Welded): Austenitic, for A403,
Note (29) added
(8) Under Bar: Austenitic, for A479, Notes revised
(9) General Note (a) revised
(10) In Note (24), second sentence corrected to include ASTM
A182
Table A-4 General Note (a) revised
Table A-5 General Note (a) revised
Table A-6 (1) Spec. No. B706 added
(2) General Note (a) revised
(3) Note (6) revised and Note (9) added
Table A-7 (1) Under Seamless Pipe and SeamlessExtruded Tube, for B
Notes revised
(2) Under Sheet and Plate, for B209;Notes revised
(3) Under Rods, Bars, and Shapes, for B221, Notes revised
(4) General Note (a) revised
(5) Former Notes (14) through (16) deleted and subsequent |
redesignated; former/Note (23) deleted
Table A-8 General Note (a) revised
Table A-9 General Note (a)prevised
Table A-10 (1) Under Carbon Steel, F3125 and SAE J429 added

Mandatory Appendix D
Mandatory Appendix F
Mandatory Appendix G

Mandatory Appendix H

N-101.1.2
Table,N-102.2.1-1
Table N-102.2.1-3

(2) Under-Low and Intermediate Alloy Steel, F3125 and SAE
added

(3) General Note (a) revised and General Note (i) added

(A4)\Notes (32) through (34) added

Deleted

Updated

(1) References to Figure D-1, Table D-1, and
Mandatory Appendix D deleted

(2) Symbols alphabetically reordered

(3) Second definition of d added and P, deleted

(4) Reference for S, updated

Information moved to the Correspondence With the B31
Committee page

First sentence revised
ASTM F2389 added
Note (1) revised

429

N-102.2.5 Last sentence revised

N-102.3.1 Subparagraphs (b)(3)(-c) and (b)(3)(-d) revised
N-104.1.1 Definition of ¢ revised

N-104.3.1 Subparagraph (a) revised

N-104.7.2 Second sentence revised

N-114.2.1 Subparagraph (d) revised

N-119.1.1 Last sentence revised

N-119.1.2 Last sentence revised

N-119.5.2 First sentence revised

xviii
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Page Location Change
293 N-119.5.3 First sentence revised
295 N-121.11 Last sentence revised
295 N-122.7.1 First sentence and subpara. (a) revised
302 N-127.5.2 Revised
302 N-127.5.3 Subparagraphs (a), (a)(1), and (a)(2) revised
303 N-127.6 Revised
306 N-135.3.5 Second sentence revised
308 Table N-136.4.1-1 Revised
316 Mandatory Appendix Q Added
320 Mandatory Appendix R Added
329 [1-1.1 Third paragraph revised
332 [1-2.2 Second paragraph revised
332 [1-2.2.1 First paragraph revised
336 11-2.2.2 Revised
336 11-2.3.1.2 Revised
337 [1-2.3.2 Last sentence revised
337 11-2.4 First sentence revised
337 I1-3.2 Second sentence revised
337 11-3.4 Revised
340 11-4.2.1 Subparagraphs (a), (c), and (d) revised
340 [1-4.2.2 First sentence revised
341 11-4.2.2.1 Subparagraphs (a) and (b) revised in their entirety
341 11-4.2.4 Revised
341 1-5.2.2 Revised in its entirety
341 1I-5.3.1 Third paragraph revised
342 [1-5.3.2 Revised
342 [1-5.7 Subparagraph (b) revised
343 [1-5.7.2 Revised
343 11-5.8 Second paragraph revised
354 Nonmandatoty, Appendix V, Subparagraphs (a) and (c) revised
Forewotd
354 V-1 Definition of critical piping systems deleted
357 V-6.2)2 Last sentence added
358 V:8.1.1 First sentence revised
364 V-12 First sentence revised
366 V-14.1 First paragraph and subparas. (b), (d), (e), and (g)
revicad
367 V-15.1 References reformatted and footnote 1 added
368 Nonmandatory Appendix VI, Second paragraph revised
Foreword
369 VII-1.3 Revised
369 VII-2 Paragraphs VII-2.1.2 through VII-2.1.4 revised
370 VII-2.2 Paragraphs VII-2.2.1 and VII-2.2.2 revised
370 VII-3.1 First paragraph revised and SI units added throughout
370 VII-3.2 First paragraph revised and SI units added throughout
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371

374
374
374
375
375
379
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Location Change
VII-3.3 (1) SI units added throughout
(2) In VII-3.3.3, second paragraph and nomenclature revised
VII-4.2 Paragraphs VII-4.2.1 through VII-4.2.3 revised
VII-4.4 Revised
VII-4.5 SI Units added
Figure VII-5-1 Revised
VII-6 Paragraphs VII-6.1 through VII-6.6 revised
Figure VII-6.4.4-1 Revised
Figure VII-6.6-1 Revised
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ASME B31.1-2024

Chapter |
Scope and Definitions

100 GENERAL

This Power Piping Code is one of several Sections of The
Amerjican Society of Mechanical Engineers (ASME) Code
for Pressure Piping, B31. This Section is published as a
separpte document for convenience.

Stahdards and specifications specifically incorporated
by reference into this Code are shown in Table 126.1-1. It
is nof considered practical to refer to a dated edition of
each |of the standards and specifications in this Code.
Instepd, the dated edition references are included in

, materials, fabrication, erection, examination,
ing, inspection, operation, and maintenance of
piping systems. Where service requirements necessitate
measures beyond those required-by ‘this Code, such
measfires shall be specified by the engineering design.

Piging as used in this Code includes pipe, flanges,
bolting, gaskets, valves, pressure-relieving valves/
devicps, fittings, and the pressure-containing portions
of other piping components, whether manufactured in
accorjdance with stafidards listed in Table 126.1-1 or
specially designed.\ It also includes hangers and supports
and dther eqdijpment items necessary to prevent over-
stresqing the\pressure-containing components.

Rules_governing piping for miscellaneous appurte-
nance indi
cators, pressure gages, and gage glasses, are included
within the scope of this Code, but the requirements for
boiler appurtenances shall be in accordance with
ASME Boiler and Pressure Vessel Code (BPVC), Section
I, PG-60.

The users of this Code are advised that in some areas
legislation may establish governmental jurisdiction over
the subject matter covered by this Code. However, any
such legal requirement shall not relieve the owner of
the inspection responsibilities specified in para. 136.1.

100.1.2 Power piping systems as covered\byf this Code (24)

apply to all piping and their component-parts|except as
excluded in para. 100.1.3. They include butare njot limited
to steam, water, oil, gas, and air services.
(a) This Code covers boiler external piping as defined
below for power boilers and high-temperature, high-pres-
sure water boilers in whichésteam or vapor is geperated at
apressure of more than 15.psig [100 kPa (gage)]f and high-
temperature water is ‘generated at pressures exceeding
160 psig [1103&kPa (gage)] and/or temperatures
exceeding 250°F((120°C).
Boiler external piping shall be considered as piping that
begins where’the boiler proper terminates at
(1)>the first circumferential joint for welding end
conrniections; or
(2) the face of the first flange in bolted flanged
comnnections; or
(3) the first threaded joint in that type of cpnnection,
and that extends up to and including the valvd or valves
required by para. 122.1.
The terminal points themselves are considerled part of
the boiler external piping. The terminal points and piping
external to power boilers are illustrated by Figures
100.1.2-1 through 100.1.2-10.
Piping between the terminal points and th¢ valve or
valves required by para. 122.1 shall be proviided with
Data Reports, inspection, and stamping as required by
ASME BPVC, Section I. All welding and brazing of this
piping shall be performed by manufacturers of contrac-
tors authorized to use the ASME Certification |Mark and
appropriate Designators shown in ASME CA-1. The instal-

ydrostatic test, regardless
of the method of assembly. The quality control system
requirements of ASME BPVC, Section I; ASME CA-1;
and ASME QAI-1shall apply.

The valve or valves required by para. 122.1 are part of
the boiler external piping, but do not require ASME BPVC,
Section I inspection and stamping except for safety, safety
relief, and relief valves; see para. 107.8.2. Refer to ASME
BPVC, Section I, PG-11.
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Figure 100.1.2-1
Code Jurisdictional Limits for Piping — An Example of Forced-Flow Steam Generators
With No Fixed Steam and Waterline

Para. 122.1.7(a)

Superheater
< mmm == qmm———— |><]-<] Turbine
C O .
1
Alternate, para. 122.1.7(a)(2) '===->< = = :To equipment
O:t > Ol><l<] Turbine
A
Prime mover throttle or stop valve
———{><]0= = = -To equipment
<= mmmmm e ————— a1
B 1
/‘J\ 1
Reheater X :
1
== 1
1
-- <t I
--------- 1
Conveltion ( ¥|/ :
and fadiant ) l-——--)-....i :
sectipn Start-up system g
may vary to suit / N
i /
) boiler manufacturer \} Condenser
(_ Economizer
ParaM221.7(b) ~_ -~
—e P === - N
ASME BPVC, Section |, N
Part PFH o N
— ) D<t— P-====-~ L
\\\/
TN e Boiler
D<o = AN = e i \ feed
-7 \\ /’ pump

Alternates, para. 122.1.7(b)(9)

Administrative Jurisdiction and Technical Responsibility

—— Boiler Proper — The‘ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdiction
and technical responsibility. Refer to ASME BPVC, Section |, Preamble.

&—— Boiler External)Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandatory certificatig
by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Authorized Inspection)

BEP.(The/ASME Section Committee B31.1 has been assigned technical responsibility. Refer to ASME BPVC, Sectig
I, Preamble, fifth, sixth, and seventh paragraphs and ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31

administrative and technical responsibility.

=]

= 3
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Figure 100.1.2-2
Code Jurisdictional Limits for Piping — An Example of Steam Separator Type Forced-Flow
Steam Generators With No Fixed Steam and Waterline

Para. 122.1.7(a)

T—- l><l<] Turbine
1

1

1

h_.{><]_._. To equipment
Alternate, para. 122.1.7(a)(2)

Superheater

Turbine

N Prime mover throttle or stop yvalve
Steam —— To equipment
separator
Convection
and radiant
section
Water -
collector
| Reheater
A Start-up system T
may vary\o suit
boiler manufacturer
GX (if used)
Economizer .
(if used)
Regirculation pump
(if used)

Para. 122.1.7(b)

(ifused)  (ifused)

ASME BPVC, Section, '

)
N A
¥ Part PFH P——
----l_\ \
~_~ Boiler feed pump
\
)
N 7/

r——~

/’_\
9—<—l><b--’\J\/\/:\l"L”:-""'L_\

Alternates, para. 122.1.7(b)(9)

Administrative Jurisdiction and Technical Responsibility

Boiler Proper — The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdiction and
technical responsibility. Refer to ASME BPVC, Section |, Preamble.

&— Boiler External Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandatory
certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Authorized
Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer to ASME
BPVC, Section I, Preamble, fifth, sixth, and seventh paragraphs and ASME B31.1 Scope, para. 100.1.2(a). Applicable
ASME B31.1 editions are referenced in ASME BPVC, Section |, Table A-360.

O-—--—= Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, has total
administrative and technical responsibility.
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Figure 100.1.2-3
Code Jurisdictional Limits for Piping — Drum-Type Boilers

Single installation
= O
Vents and
Alternate, singl1ezi2ns1ta7lI(ati)czgS instrumentation
ara. 1.7(a
P !
Turbine | Para. 122.6.2
(Throttle or stop valve) % %b' -
Multiple infstallation Para. 122.1.2
Common | T 5 l ===
header :-- Il R <t g Level indicators, para. 122.1.6
Drajn == eam drum
- Surface blow
Control device, T Para. 122.1.4 ——— Continueus
pafa. 122.1.6 Inlet header >P==== blow

\Watep treatment

Drain superheater == Soefhlowers
- (if used ¢ $ < g=><0= == Single installation
Alternate single installgtion,
Main steam, para. 122.1.7(a)(2)
para. 122.1.2 ®
(Throttle or stop valve
_r= Soot blowers
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== Drain Common
Drain x> [Om = = = = Para. 122.1.5 header
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Para. 122.1.4 Wate Qg > ﬂEﬁ ) Regulating valves
® —| Boilerno. 1 9 9
| ey
Blgivr\:(g)r; and'\multiple % p = === _.Two ormore
(7] . - i
i stallafons z g Boiler no. 2 & 1 boilers fed from
28 1 a common source
w Drain -mees

Administrative Jurisdiction and Technical Responsibility

— PBoiler Proper — The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdiction and
fechnical responsibility. Refer to ASME BPVC, Section |, Preamble.

&— Boiler External Piping and Joint (BEP) — The ASME BPVC has tofal administrafive jurisdicfion (mandatory
certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Authorized
Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer to ASME
BPVC, Section |, Preamble and ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31.1 editions are
referenced in ASME BPVC, Section |, Table A-360.

O-—-—- Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, has total
administrative jurisdiction and technical responsibility.


https://asmenormdoc.com/api2/?name=ASME B31.1 2024.pdf

ASME B31.1-2024

"(44d 31ed ‘T uondas ‘YAJd FNSY
d3g Jo suy

S'1'zz) esed Ul
=<t =

(£-Z°1°001 @Inbi4 8es)
sSwia)sAs Jojempasy

d39 jo sy

G'L'ze) ‘eled
g G

17 8y} apIsINQ Jaziwouod3 (9)

2le]

G'L'ze) esed
- <>

ueiq
-
1

18Z|wouoos
3|qe|os|

- Ok - -
TN

c9eel .m;m&ﬂ%

LU au1 uIyu Jeziwouod3 (q)

- -
1
1

‘ulelq

(€-2°1°001 @nb14 vos)
mr:wuw\,w Jajempas

d39 jo si

G'L'zz) esed

G'1'zz) "esed ‘uelg

Jaziwouods

H.Q/..XI

(1)®10N

8|qe|os|

JUSA
2'9'¢el eled

LUIT 9Y) U1yl J9zZiwouodT (e)

‘uledg

-t

(e-z'1'00L

ainbi4 ass)

swiayshs
19)eMpas

-0
W

ainssald Jayog) buidid we

G'L'zz) "esed ‘uielg

Jaziwouods

oA a|qelos| %
-T JOEY
2'9'¢el eled

(Aae1) 103 umoys JoN Jadoad 19)10g o) Buidid snoauedasiy pue ‘Jyomolg ‘sanjep Janay

[ 995)-[991s Ssa[ure)s dnud)sne Sulsn PajonIISuod aq AW JOZIWIOUO0Id ) “ISZIUWIOU0ID PUE JI[10q 3} UIIMIIq PIJedo| .ﬁLmEmE J107empas) PIM (1) :ALON

‘Ayiqisuodsal [eo1uyos) pue uopolpsun| sAnesiuiWpE (.30} Sy ‘Leg ‘Buidid

aInssald 10} 89WWO) 89P0 JNSY 8yl — (d3EN) wior pue Buidid jeu

"09€-V B|geL ‘| UoiI8S ‘DAdE JNSY Ul peoudiasel aie suoliy
a|qeolddy “(e)z"L°00) "eled ‘©doog |'Lgg JINSY PUE d|quiesld ‘| uoiosg
0] Jajay ‘Ajjigisuodsal |eoluyos) paubisse usaq sey |'Leg 99pwwo)
9yl ‘d3g jo (uonoadsu| pazuoyny pue ‘swio4 eyeg JNSY Jojeubis
8y uyym ey uoneonie) ay) bBuidwels Aq uoneoyied Alojepue
aAfefsiulWpE [0} SBY DAY JNSY @ul — (d3g) uor pue Buidid

‘| UoNOIS ‘DA JINSY O Jayey “ANjgisuodsal [E21UYIS) puB UOHOIPSUIN
[0} sey (OGS JNSY) SP0D [9SSOA aunssald pue Jajiogd JINSY YL -

Al[Igisuodsay [eo1uyda] pue UoiDIPSLING aAIRSIU

OAleA
Buluaniayu|
6Lzl eded ‘uresg
(e-z'1°001 -
ainbi4 9as)
Jadoud Jsjl0g (pasn J1) G'1'zz) "esed ‘uieig
Japeay J9|u| -

aAeA Buluaaia|

1ejeayiadns wmm.mm_. r.mvo%
elaetost Em%w urg

2 DUIC EMPDOd Ul Po]1€J0 g

¥-Z°'1°00T 2anbi14

91X3 JB|IOQUON = = — — -0

9 |'L€d JNSY
‘OAdg ANSY

Uoides JNSY
bq ojendosdde

) uonolpsun(
eulo)x3 Jojlog

‘a|quieald
[ aAnessiulwpe
 Jadolud Jojiog

pY

0} S}IWIT TeUONDIPSLINT 3P0)


https://asmenormdoc.com/api2/?name=ASME B31.1 2024.pdf

ASME B31.1-2024

Figure 100.1.2-5
Code Jurisdictional Limits for Piping — Reheaters and Nonintegral Separately Fired Superheaters

Vent
- >
Vent
Hotreheat, __.Jl._-- == =< Vent
para. 122.1.7(d) S o —
Reheater %---
Drain Nenirtegrat
> H separatel fired
== = D> > !
Steam out <€ dm e o separately fire
Vent superheater

iq---

Cold reheat, ==d ===
para. 122.1.7(d)

= O e
Drain

—— Boiler Proper — The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdiction
and technical responsibility. Refer to ASME BPVC, Section.J~Preamble.

o&——— Boiler External Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandato
certification by stamping the Certification Mark with “the appropriate Designator, ASME Data Forms, an
Authorized Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibilit
Refer to ASME BPVC, Section |, Preamble and’/ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31
editions are referenced in ASME BPVC, Section't, Table A-360.

O---+1- Nonboiler External Piping and Joint (NBER).— The ASME Code Committee for Pressure Piping, B31, has total
administrative jurisdiction and technical responsibility.

Pipe copnections meeting all other requirements of this
Code but ot exceeding NPS %, (PN'15) may be welded to
pipe or boiler headers withoutinspection and stamping
required by ASME BPVC, Section 1.

(b) Nomboiler externdl/piping includes all the piping
covered by this Code\except for that portion defined
above as poiler external piping.

(c) See| Mandatoty Appendix Q for the documented
quality nLanagement program required for metallic

nonboilef éxternal piping-covered piping systems

Administrative Jurisdiction and TechnicalResponsibility

Steam |n
-

= O e
Drain, para. 122.1.5

Inlet header
(if used)

S Y —
Drain, para. 122.1.5

- o<

(c) piping for hydraulic or pneumatic tools and| their
components downstream of the first block or| stop
valve off the system distribution header.

(d) piping for marine or other installations ynder
federal control.

(e) towers, building frames, tanks, mechanical gquip-
ment, instruments, and foundations.

(f) piping included as part of a shop-assembled [pack-
aged equipment assembly within an ASME B31.1|Code
piping installation when such equipment piping is

(NBEP-CPS).

100.1.3 This Code does not apply to the following:

(a) economizers, heaters, pressure vessels, and compo-
nents covered by Sections of the ASME BPVC.

(b) building heating and distribution steam and
condensate piping designed for 15 psig [100 kPa
(gage)] or less, or hot water heating systems designed
for 30 psig [200 kPa (gage)] or less.

constructed to another ASME B31 Code Section (e.g.,
ASME B31.3 or ASME B31.9) with the owner’s approval.
See para. 100.2 for a definition of packaged equipment.

100.1.4 Procedures. This Code does not provide proce-
dures for flushing, cleaning, start-up, operating, or main-
tenance. Code users are advised, however, that the
cleaning and purging of flammable gas systems may be
subject to the requirements of NFPA Standard 56.
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Figure 100.1.2-6
Code Jurisdictional Limits for Piping — Spray-Type Desuperheater

Desuperheater
located in boiler
proper or in BEP
steam piping Stggr\;alrle 4(a)(1)
(see Figure 100.1.2-7) : : \

O b

Regulating valve, Block valve,
para. 122.4(a)(1) paras. 122.4(a)(1)
and 122.4(a)(3)

From spray, watef
source NBEP

Desuperheater

located in boiler
proper or in BEP
steam piping

(see Figure 100.1.2-7)

piping
Bypass valve,

/ para,122:4(a)(2)
<« e :
1
1
1
1
1
L ’

D> - =3 - - - - - D -m D -

(e <

Stop valve,

para. 122.4(a)(1)/ Regulating Va|v;& Block valves, J

Administrative Jurisdiction’and Technical Responsibility

paras. 122.4(a)(1) aphd
122.4(a)(3)

para. 122.4(a)(1)

—+—— Boiler Proper — The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdictipn and

in ASME BPVC, Section |, Table'A-360.

technical responsibility. Refer to ASME BPVC,\Section |, Preamble.

Boiler External Piping and Joint (BER)*— The ASME BPVC has total administrative jurisdiction (mandatory
certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Authorized
Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer tol ASME
BPVC, Section |, Preamble and-ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31.1 editions are refefrenced

O———- Nonboiler External Pipingand Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, hgs total

Figure 100.1.2-6 would be considered as BEP.

100.1.5 Units of Measure. This Code states values in
both [U.S. Gustomary (USC) and International System
(SI, also_known as metric) units. Within the text, the SI
units|are shown in parentheses or in separate tables.

administrative and technical responsibility. In the case where the spray water is from BEP, all the piping indicated in

When necessary to convert from one system pf units to
another, conversion should be made by rounding the
values to the number of significant digits of impllied preci-
sion in the starting value, but not less than four $ignificant

The values stated in each system are not exact equivalents;
therefore, each system of units should be used indepen-
dently of the other.

When separate equations are provided for USC and SI
units, those equations shall be executed using variables in
the units associated with the specific equation. The results
obtained from execution of these equations may be
converted to other units.

digits for use in calculations.

100.2 Definitions

Some commonly used terms relating to piping are
defined below. Terms related to welding generally
agree with AWS A3.0. Some welding terms are defined
with specified reference to piping. For welding terms
used in this Code, but not shown here, definitions in
AWS A3.0 apply.

(24)
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Figure 100.1.2-7
Code Jurisdictional Limits for Piping — HRSG — Desuperheater Protection Devices
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Administrative Jurisdiction and Technical Responsibility

Boiler Rfoper — The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdiction apd
technical fesponsibility. Refer to ASME BPVC, Section |, Preamble.

Beiler External Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandatofy

certification by stamping the Certification Mark with the appropriate Designator, ASMFE Data Forms_and Authorizéd

[o upuup—

Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer to ASME
BPVC, Section I, Preamble and ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31.1 editions are referenced
in ASME BPVC, Section |, Table A-360.

Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, has total
administrative and technical responsibility.
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Figure 100.1.2-8
Code Jurisdictional Limits for Piping — Firetube Boiler

Single installation

= O et Vents and
Alternate single installation, mstrur;nentatlon

para. 122.1.7(a)(2) i
Turbine i
(Throttle or stop valve) Para. 122.6.2

Multiple installation Para. 122.1.2 —_

WH ______

Control device, . )
para 122.1.6 Firetube boiler

Para. 122.1.4 Surface blow
r I'l'l \f — < Continuous blow
Water treatment
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Para. 122.1.4
Drain, —D<—— Single boiler|
para. 122.1.5
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iy Boiler no. 1 Two orlmore
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? < %—N——— commjon
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Administrative Jurisdiction and Technical Responsibility

—+—— Boiler Proper — The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdictipn and
technical respaonsibility. Refer to ASME BPVC, Section |, Preamble.

®&—1—— Boiler Extérnal Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (marjdatory
certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Authorized
Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer tol ASME
BPVE, Section |, Preamble and ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31.1 editions are refefrenced
in \ASME BPVC, Section |, Table A-360.

O——=z=~Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, hds total

administrative and technical responsibility
g 4
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Figure 100.1.2-9
Code Jurisdictional Limits for Piping — Steam Locomotive Boiler With Dome Throttle

Pressure relief valve(s)
Boiler feed(s)
1

Appliance(s) Header

<

9 9 Gage glass(es)
/

Dome throttle —

Dry pipe

Steam

Water colunin
‘ (optional)

li Water

[ @X—
[4—]

alteration| a change in'any item described in the original
design that affects’the pressure-containing capability of
the pressiire-retaining component.

anchor: a rigid-restraint providing substantially full fixa-
tion, perrhitting neither fr‘:ncl:fnry nor rotational dis-

Blowoff- - - W

]

Fire I

Administrative Jurisdiction;and Technical Responsibility

Boiler Proper — The ASME Boiler and-Pressure Vessel Code (ASME BPVC) has total
administrative jurisdiction and technical.responsibility (refer to Section | Preamble).

@—— Boiler External Piping and Joint —The ASME BPVC has total administrative jurisdiction
(mandatory certification by stamping the Certification Mark with appropriate Designator,
ASME Data Forms, and Authorized Inspection) of Boiler External Piping and Joint. The
ASME Section Committee'\B31.1 has been assigned technical responsibility.

(O—-—--- Nonboiler External Piping-and Joint (NBEP) — The ASME Code Committee for Pressure
Piping, B31, has total administrative and technical responsibility.

assembly: the joining together of two or more fiping
components by bolting, welding, caulking, brdzing,
soldering, cementing, or threading into their installed
location as specified by the engineering design.

nucf—onifhing- see heqt treatments.

placement of the pipe.
annealing: see heat treatments.

arc strike: a discontinuity resulting from an arc, consisting
of any localized remelted metal, heat-affected metal, or
change in the surface profile of any metal object.

arc welding: a group of welding processes wherein coales-
cence is produced by heating with an electric arc or arcs,
with or without the application of pressure and with or
without the use of filler metal.

automatic welding: welding with equipment that performs
the entire welding operation without constant observa-
tion and adjustment of the controls by an operator.
The equipment may or may not perform the loading
and unloading of the work.

backing ring: backing in the form of a ring that can be used
in the welding of piping.

ball joint: a component that permits universal rotational
movement in a piping system.
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Figure 100.1.2-10
Code Jurisdictional Limits for Piping — Steam Locomotive Boiler With Front-End Throttle

Pressure relief valve(s)

Boiler feed(s)

<

Appliance(s)
Header PP

Gage glass(es)
[oRye} /

Styiperheater and units é

&

Water
olumn

Dry pipe

Steam

| Water

E

Front-end throttle

base metal: the metal'to be welded, brazed, soldered, or

cut.

brandh connection: the attachment of a branch pipe to the
run of a main pipe with or without the use of fittings.

brazel welding: a method of welding whereby a groove,

: Blowoff - - M

Administrative Jurisdiction and Technical Responsibility

Boiler Proper — The ASME Boiler and/Pressure Vessel Code (ASME BPVC) has total
administrative jurisdiction and technigal responsibility (refer to Section | Preamble).
Boiler External Piping and Joint=~The ASME BPVC has total administrative jurisdiction
(mandatory certification by staimping the Certification Mark with appropriate Designator,
ASME Data Forms, and Authorized Inspection) of Boiler External Piping and Joint. The
ASME Section CommitteeB31.1 has been assigned technical responsibility.

Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for
Pressure Piping, B31; has total administrative and technical responsibility.

Fire '

between the closely fitted surfaces of the joint by capillary
action.

butt joint: a joint between two members lyin
mately in the same plane.

F approxi-

capacitor discharge welding (CDW): a stud arc welding

fillet, plug, or slot weld is made using a nonferrous
filler metal having a melting point below that of the
base metals, but above 840°F (450°C). The filler metal
is not distributed in the joint by capillary action.
(Bronze welding, the name formerly used, is a misnomer
for this term.)

brazing: a metal joining process wherein coalescence is
produced by use of a nonferrous filler metal having a
melting point above 840°F (450°C) but lower than that
of the base metals joined. The filler metal is distributed
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process in which DC arc power is produced by a rapid
discharge of stored electrical energy with pressure
applied during or immediately following the electrical
discharge. The process uses an electrostatic storage
system as a power source in which the weld energy is
stored in capacitors.

cold spring: the intentional movement of piping during
assembly to produce a desired initial displacement and
reaction.
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component: as used in this Code, is defined as consisting of,
but not limited to, pipe, piping subassemblies, parts,
valves, strainers, relief devices, fittings, pipe supports,
and hangers.

specially designed component: a component designed in
accordance with para. 104.7.2.

standard component: a component manufactured in
accordance with one or more of the standards listed in
Table 126.1-1.

fabrication: primarily, the joining of piping components
into integral pieces ready for assembly. It includes
bending, forming, threading, welding, or other operations
on these components, if not part of assembly. It may be
done in a shop or in the field.

face of weld: the exposed surface of a weld on the side from
which the welding was done.

failure: a physical condition that renders a system or
component unable to perform its intended function or

covered pfping systems (CPSJ: piping systems on which
condition assessments are to be conducted. As a
minimum for electric power generating stations, the
CPS are to include NPS 4 (DN 100) and larger of the
main stegm, hot reheat steam, cold reheat steam, and
boiler fe¢gdwater piping systems. In addition to the
above, CPS also include NPS 4 (DN 100) and larger
piping in pther systems that have a design temperature
greater thfan 750°F (400°C) or a design pressure greater
than 1,02p psi (7.1 MPa).

creep strepgth enhanced ferritic steel: steel in which the
microstryicture, consisting of lower transformation
products |[such as martensite and bainite, is stabilized
by controlled precipitation of temper-resistant carbides,
carbonitrides, and/or nitrides.

defect: a flaw (imperfection or unintentional disconti-
nuity) of such size, shape, orientation, location, or proper-
ties as to [be rejectable.

designer: he person or organization in responsible charge
of the engineering design.

discontinuity: alack of continuity or cohesion; an interrup-
tion in thle normal physical structure of material or a
product.

employer:the owner, manufacturer, fabricater; contractor,
assembler, or installer organization responsible for the
welding, brazing, and NDE performed,“including proce-
dure and [performance qualifications.

engineering design: the detailed design developed from
process requirements andseohforming to Code require-
ments, influding all nece§sary drawings and specifica-

tions, governing a piping installation.

equipment connection: an integral part of such equipment
as pressuile vessels, heat exchangers, and pumps, designed
for attachment-of pipe or piping components.

functions or meet design and performance requirements,
or that is a hazard to personnel safety.

failure analysis: the process of collecting and evalyating
data to determine the damage mechanism or mechahisms
and cause of a failure.

ferrous material: metals and alloys that contain iron ps the

principal component.

filler metal: metal to be added in welding, sold
brazing, or braze welding:

bring,

fillet weld: a weld of-approximately triangular
section joiningtwo surfaces approximately at
angles to eacly other in a lap joint, tee joint, c
joint, or socket weld.

cross
right
brner

than
pres-

fire hazard: situation in which a material of more
averagé-combustibility or explosibility exists in the
ence ‘of a potential ignition source.

(flaw: an imperfection or unintentional discontinuity that is

detectable by a nondestructive examination.

full fillet weld: a fillet weld whose size is equal to the thick-

ness of the thinner member joined.

fusion: the melting together of filler metal and base metal,
or of base metal only, that results in coalescence.

gas blow: a process to clean and remove debris from the
gas supply piping by releasing gas (flammable or norjflam-
mable) at a high pressure and velocity through the piping
system while venting to atmosphere.

gas purge: a process to purge air from the flammable gas
supply piping, typically conducted at a low pressure and
velocity.

gas welding: a group of welding processes wherein cpales-
cence is produced by heating with a gas flame or flames,
with or without the application of pressure, and wjith or
without the use of filler metal.

erection: the complete installation of a piping system,
including any field assembly, fabrication, testing, and
inspection of the system.

examination: denotes the procedures for all nondestruc-
tive examination. Refer to para. 136.3 and the definition
for visual examination.

expansion joint: a flexible piping component that absorbs
thermal and/or terminal movement.
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groove weld: a weld made in the groove between two
members to be joined.

heat-affected zone: portion of the base metal that has not
been melted, but whose mechanical properties or micro-
structure has been altered by the heat of welding or
cutting.
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heat treatments:

annealing, full: heating a metal or alloy to a temperature
above the transformation temperature range for that
material and holding above the range for a proper
period of time, followed by cooling to below that
range. (A softening treatment is often carried out just
below the transformation range, which is referred to
as a subcritical anneal.)

austenitizing: forming austenite by heating steel above

integrally reinforced branch outlet fitting: a branch outlet
fitting that is welded directly to a run pipe, where the
branch fitting and the deposited weld metal used to
attach the fitting to the run pipe are designed by the
fitting manufacturer to provide all the reinforcement
required by this Code without the addition of separate
saddles or pads. The attachment of the branch pipe to
the fitting is by butt welding, socket welding, threading,
or a flanged connection. Integrally reinforced branch

the transformationrange-

nofmalizing: a process in which a ferrous metal is
heated to a suitable temperature above the transforma-
tion rpnge for that material and is subsequently cooled in
still afir at room temperature.

postweld heat treatment (PWHT): any heat treatment
subsgquent to welding. PWHT often refers to a general
heat freatment applied to provide tempering, stress
relieving, or a controlled rate of cooling to prevent forma-
tion qf a hard or brittle microstructure.

prdheating: the application of heat to a base metal
immediately prior to a welding or cutting operation.

stress-relieving: uniform heating of a structure or
portipn thereof to a sufficient temperature below the
transformation temperature range for that material to
relievle the major portion of the residual stresses, followed
by unjiform cooling.

suHcritical heat treatment: a general heat-treating
procdss where ferritic or martensitic steel is heated to
a temperature below the temperature at which austenite
beging to form.

tenmpering: reheating a quench-hardened or normalized

steel ko a temperature below the temperature at which
austgnite begins to form, and then cobling at any
desir¢d rate.

impelifection: a condition of being imaperfect; a departure
of a duality characteristic from its intended condition.

indicg
of an

tion: the response or evidence from the application
ondestructive examination.

lindar indication: an indication that has a length greater
than B times its width.

rounded indication;'an indication of circular or elliptical
shapg that has a-lefigth equal to or less than 3 times its
width.

inert|gas_metal arc welding: an arc welding process
whergincoalescence is produced by heating with an elec-

ontlat firtinge el da thaoca Ottt ge capnfaans o to MSS
SHtretHtHRESHervae—+tHoSe—Htehg5s—coRormH g

SP-97.

Jjoint design: the joint geometry together-with th
dimensions of the welded joint.

e required

ove weld
reinforce-

joint penetration: the minimum_ depth of a gr
extends from its face into a joint/exclusive of
ment.

low energy capacitor_ discharge welding: a resistance
welding process whefein coalescence is prdduced by
the rapid discharge'of stored electric energy from a
low voltage electrostatic storage system.

maintenancé: actions required to assure safe, reliable, and
continued<operation of the piping within the¢ scope of
ASME B31.1, including inspections, conditiqn assess-

ments; Tepairs, and replacement of componenis.

manual welding: welding wherein the entirg welding
operation is performed and controlled by hand.

value that
h material

maximum allowable stress: the maximum stress
may be used in the design formulas for a give
and design temperature.

maximum allowable working pressure (MAWP)
sure at the coincident temperature to which 3
pressure vessel can be subjected without exc¢eding the
maximum allowable stress of the material or [pressure-
temperature rating of the equipment. For this Code,

the pres-
boiler or

the term “MAWP” is as defined in ASME BPV(, Sections
I and VIIL
may: used to denote permission; neither a requirement

nor a recommendation.

mechanical joint: ajoint that provides mechanicgl strength
or leak resistance, or both, where the mechanicgl strength
is developed by threaded, grooved, rolled, fflared, or
flanged pipe ends; or by bolts, pins, corhpounds,
gaskets, rolled ends, caulking, or machined and mated

tric arc between a metal electrode and the work. Shielding
is obtained from an inert gas, such as helium or argon.
Pressure may or may not be used and filler metal may
or may not be used.

inspection: denotes the activities performed by an Author-
ized Inspector, or an owner’s Inspector, to verify that all
required examinations and testing have been completed,
and to ensure that all the documentation for material,
fabrication, and examination conforms to the applicable
requirements of this Code and the engineering design.
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surfaces. These joints have particular application
where ease of disassembly is desired.

miter: two or more straight sections of pipe matched and
joined on a line bisecting the angle of junction so as to
produce a change in direction.

nominal thickness: the thickness given in the product
material specification or standard to which manufacturing
tolerances are applied.
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nonferrous: metals and alloys that do not contain iron as gitudinal butt joint forge welded by the mechanical pres-
the principal component. sure developed in rolling the hot formed skelp through a
set of round pass welding rolls.

(c) electric fusion welded pipe: pipe having a longitudi-
nal butt joint wherein coalescence is produced in the
preformed tube by manual or automatic electric arc
welding. The weld may be single (welded from one
side) or double (welded from inside and outside) and
owner: the party or organization ultimately responsible may be made with or without the use of filler metal.

H a—fa F—-e—0WWRe USsHaH~—EhRe—-ene o —weraeapipe arSo—aae—By—tre—ere usion
be granted an operating license by the regu- welding process with a butt joint, a lap joint,-opxa

normalizing: see heat treatments.

Operating Company: the owner, user, or agent acting on
behalf of the owner, who has the responsibility for
performing the operations and maintenance functions
on the piping systems within the scope of the Code.

who would lock
latory authority having jurisdiction or who has the admin- seam joint.
istrative ahd operational responsibility for the facility. The (d) electric flash welded pipe: pipe having alongitydinal

owner may be either the operating organization (may not  butt joint wherein coalescence is produced, sinpulta-
hal owner of the physical property of the facility) neously over the entire area of abutting surfacg¢s, by
or the organization that owns and operates the plant. the heat obtained from resistancé.to the flow of electric
current between the two surfaces, and by the appli¢ation
of pressure after heating is-substantially comp]eted.
Flashing and upsetting are-accompanied by expulsion
of metal from the joint,

(e) double submerged arc welded pipe: pipe haying a
longitudinal buttjéint produced by the submerggd arc
process, with{atMeast two passes, one of whichlis on
the inside of\the pipe.

oxygen cufting: a group of cutting processes wherein the
severing ¢f metals is effected by means of the chemical
reaction jof oxygen with the base metal at elevated
temperatyres. In the case of oxidation-resistant metals,
the reactipn is facilitated by use of a flux.

oxygen golging: an application of oxygen cutting wherein
a chamfey or groove is formed.

packaged|equipment: an assembly of individual compo- (f) seaniléss pipe: pipe produced by one or more pf the
nents or stages of equipment, complete with its intercon- followifig processes:

necting piping and connections for piping external to the (1) rolled pipe: pipe produced from a forged|billet
equipment assembly. The assembly may be mounted on a that is pierced by a conical mandrel between two d{iame-
skid or other structure prior to delivery. trically opposed rolls. The pierced shell is subseqyently

rolled and expanded over mandrels of increasingly larger
diameter. Where closer dimensional tolerances are
desired, the rolled pipe is cold or hot drawn through
dies, and machined.
One variation of this process produces the hpllow
shell by extrusion of the forged billet over a mandrel
in a vertical, hydraulic piercing press.
(2) forged and bored pipe: pipe produced by Horing
or trepanning of a forged billet.
(3) extruded pipe: pipe produced from holl¢pw or
solid round forgings, usually in a hydraulic extrjusion
press. In this process the forging is contained in a[cylin-
drical die. Initially a punch at the end of the extrusion
plunger pierces the forging. The extrusion pliynger
then forces the contained billet between the cylindrical
die and the punch to form the pipe, the latter acting as
a mandrel.
(4] centrifugally cast pipe: pipe formed from the soli-
dification of molten metal in a rotating mold. Both metal
and sand molds are used. After casting, the pipe is
machined, to sound metal, on the internal and external
diameters to the surface roughness and dimensional re-
quirements of the applicable material specification.
One variation of this process uses autofrettage
(hydraulic expansion) and heat treatment, above the
recrystallization temperature of the material, to
produce a wrought structure.

peening: the mechanical working of metals by means of
hammer Blows.

pipe: a pressure-tight hollow cylinder used to convey a
fluid or to|transmit a fluid pressure, ordinarily designated
“pipe” in |applicable material specifications. Materials
designated “tube” or “tubing” may be(theated as pipe
when intended by the specifications for pressure service.

Types of pipe, according to the niethod of manufacture,
are defingd as follows:

(a) eleqtric resistance welded pipe: pipe produced in in-
dividual lgngths or in contintious lengths from coiled skelp
and subseguently cut into individual lengths, having a lon-
gitudinal putt joint wheTein coalescence is produced by
the heat pbtained{from resistance of the pipe to the
flow of elpctric current in a circuit of which the pipe is
a part, and by-the application of pressure.

(b) furtaecebuttwelded-pipe:

(1) furnace butt welded pipe, bell welded: pipe
produced in individual lengths from cut length skelp,
having its longitudinal butt joint forge welded by the
mechanical pressure developed in drawing the furnace
heated skelp through a cone-shaped die (commonly
known as a “welding bell”) that serves as a combined
forming and welding die.

(2) furnace butt welded pipe, continuous welded: pipe
produced in continuous lengths from coiled skelp and
subsequently cut into individual lengths, having its lon-
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(5) statically cast pipe: pipe formed by the solidifica-
tion of molten metal in a sand mold.

pipe-supporting elements: pipe-supporting elements
consist of hangers, supports, and structural attachments.

hangers and supports: hangers and supports include
elements that transfer the load from the pipe or structural
attachment to the supporting structure or equipment.
They include hanging type fixtures, such as hanger
rods, spring hangers, sway braces, counterweights, turn-
bucklgs, struts, chains, guides, and anchors, and bearing
type flixtures, such as saddles, bases, rollers, brackets, and
slidinlg supports.

structural attachments: structural attachments include
elemgnts that are welded, bolted, or clamped to the pipe,
such jas clips, lugs, rings, clamps, clevises, straps, and
skirtg.

porosjty: cavity-type discontinuities formed by gas entrap-
ment|during metal solidification.

postweld heat treatment: see heat treatments.

postweld hydrogen bakeout: the holding of a completed or
partiglly completed weld at an elevated temperature to
allow| hydrogen to diffuse out of the weld.

preheating: see heat treatments.

presstire: an application of force per unit area.

fluid pressure: an application of internal or external fluid
force|per unit area on the pressure boundary of piping
comppnents.

Procddure Qualification Record (PQR): a record.of the
welding data used to weld a test coupon. The*RQR is a
recorfd of variables recorded during the welding of the
test ¢oupons. It also contains the test results of the
testefl specimens. Recorded variables normally fall
within a small range of the actual-variables that will
be usgd in production welding.

qualified (personnel): individualsjwho have demonstrated
and documented abilities gained through training and/or
experjience that enable them to perform a required func-
tion to the satisfaction“of the Operating Company.

readily accessible;(for visual examination, readily acces-
sible |nside surfaces are defined as those inside surfaces
that dan be éxamined without the aid of optical devices.
(Thisdefinition does not prohibit the use of optical devices
for a|visual examination; however, the selection of the

reinforcement of weld (internal): weld metal on the interior
face of a groove weld that extends past the root opening of
the joint.

repair: the work necessary to restore a system or compo-
nent to meet the applicable Code requirements and to
reestablish a safe and satisfactory operating condition.

restraint: any device that prevents, resists, or limits move-
ment of a piping system.

bers to be

root penetration: the depth a groove weld\extengs into the
root opening of a joint measured on the'Centerjine of the
root cross section.

seal weld: a weld used on a pipe,jeint primarily to obtain
fluid tightness as opposed/o mechanical stremgth.

semiautomatic arc welding."arc welding with gquipment
that controls only the.filler metal feed. The advdnce of the
welding is manually controlled.

shall: “shall” or shall not” is used to indicate thpt a provi-
sion or prohibition is mandatory.

shielded_metal arc welding: an arc welding process
whereih coalescence is produced by heating with an elec-
trig;arc between a covered metal electrode and|the work.
Shielding is obtained from decomposition of thg electrode
covering. Pressure is not used and filler metal i$ obtained
from the electrode.

should: “should” or “itis recommended” is used fo indicate
that a provision is not mandatory but is recomimended as
good practice.

size of weld:

fillet weld: for equal-leg fillet welds, the leg lengths of the
largestisosceles right triangle that can be inscrilbed within
the fillet weld cross section. For unequal-leg fillet welds,
the leg lengths of the largest right triangle that can be
inscribed within the fillet weld cross section.

groove weld: the joint penetration (depth of chamfering
plus the root penetration when specified).

slag inclusion: nonmetallic solid material entrapped in
weld metal or between weld metal and base netal.

soldering: a metal joining process wherein coalescence is
produced by heating to suitable temperature and by using
a nonferrous alloy fusible at temperatures below 840°F

device should be a matter of mutual agreement
between the owner and the fabricator or erector.)

Reid vapor pressure: the vapor pressure of a flammable or
combustible liquid as determined by ASTM Standard Test
Method D323 Vapor Pressure of Petroleum Products
(Reid Method).

reinforcement of weld (external): weld metal on the face of
a groove weld in excess of the metal necessary for the
specified weld size.

(450°C) and having a melting point below that of the
base metals being joined. The filler metal is distributed
between closely fitted surfaces of the joint by capillary
action. In general, solders are lead-tin alloys and may
contain antimony, bismuth, silver, and other elements.

steel: an alloy of iron and carbon with no more than 2%
carbon by weight. Other alloying elements may include
manganese, sulfur, phosphorus, silicon, aluminum, chro-
mium, copper, nickel, molybdenum, and vanadium,
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depending on the type of steel. For acceptable material
specifications for steel, refer to Chapter III

stresses:

displacement stress: a stress developed by the self-
constraint of the structure. It shall satisfy an imposed
strain pattern rather than being in equilibrium with an
external load. The basic characteristic of a displacement
stress is that it is self-limiting. Local yielding and minor
distortions can satisfy the displacement or expansion

supplementary steel: steel members installed between
existing members to facilitate installation of supports
for piping or piping equipment.

swivel joint: a component that permits single-plane rota-
tional movement in a piping system.

tack weld: a weld made to hold parts of a weldment in
proper alignment until the final welds are made.

tempering: see heat treatments.

conditionf that cause the stress to occur. Failure from
one application of the stress is not to be expected.
Further, the displacement stresses calculated in this
Code are|“effective” stresses and are generally lower
than thosg predicted by theory or measured in strain-
gage testq."

peak strress: the highest stress in the region under
consideration. The basic characteristic of a peak stress
is that it cpuses no significant distortion and is objection-
able only ds a possible source of a fatigue crack initiation or
a brittle fitacture. This Code does not use peak stress as a
design bafkis, but rather uses effective stress values for
sustained| stress and for displacement stress; the peak
stress effect is combined with the displacement stress
effect in the displacement stress range calculation.

sustaingd stress: a stress developed by an imposed
loading thit is necessary to satisfy the laws of equilibrium
between ¢xternal and internal forces and moments. The
basic chafacteristic of a sustained stress is that it is not
self-limiting. If a sustained stress exceeds the yield
strength of the material through the entire thickness;
the prevention of failure is entirely dependent on\the
strain-hardening properties of the material. A_thermal
stress is hot classified as a sustained stress.\Further,
the sustaiped stresses calculated in this Code are “effec-
tive” stresfes and are generally lower thanthose predicted
by theory|or measured in strain-gagetests.

stress-religving: see heat treatments.

subcritical heat treatment: see~hedt treatments.

submerge
coalescen
arcs betw

1 arc welding: antatc¢ welding process wherein
Ce is produced-by heating with an electric arc or
ben a bare metal electrode or electrodes and the

throat of a Jillet weld:
actual: the shortest distance from the root of afjlle
to its face.
theoretical: the distance from the beginning of th
of the joint perpendicular to the hypotenuse of the 13
right triangle that can be inscribed.within the fillet
cross section.

weld

P root
rgest
weld

throttle valve: a valve designed to’regulate the supp
fluid, such as steam or gas$ysto a turbine or other
mover.

yofa
brime

toe of weld: the junction between the face of the weld and
the base metal.

tube: refer to pipe.

tungsten eleégtrode: a nonfiller metal electrode used fin arc

welding; consisting of a tungsten wire.

undercut: a groove melted into the base metal adjacpnt to
the'weld toe or weld root and left unfilled by weld metal.

visual examination: the observation of whatever poftions
of components, joints, and other piping elements that are
exposed to such observation before, during, or after tpanu-
facture, fabrication, assembly, erection, inspecti¢n, or
testing. This examination may include verification of
the applicable requirements for materials, components,
dimensions, joint preparation, alignment, welding or
joining, supports, assembly, and erection.

volumetric examination: an NDE method used to dletect
imperfections that may be located anywhere within
the examined volume.

weld: a localized coalescence of metal that is produded by
heating to suitable temperatures, with or without the
application of pressure, and with or without the yise of

work. Th¢ welding is-shielded by a blanket of granular, ) : ) )
fusible mjterial.on"the work. Pressure is not used, and  filler metal. The filler metal shall have a melting|point
filler metdl is 6btained from the electrode and sometimes ~ aPProximately the same as the base metal.

from a supplementary welding rod. welder: one who is capable of performing a manwal or

! Normally, the most significant displacement stress is encountered in
the thermal expansion stress range from ambient to the normal oper-
ating condition. This stress range is also the stress range usually consid-
ered in a flexibility analysis. However, if other significant stress ranges
occur, whether they are displacement stress ranges (such as from other
thermal expansion or contraction events, or differential support point
movements) or sustained stress ranges (such as from cyclic pressure,
steam hammer, or earthquake inertia forces), paras. 102.3.2(b) and
104.8.3 may be used to evaluate their effect on fatigue life.
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semiautomatic welding operation.

Welder/Welding Operator Performance Qualification
(WPQ): demonstration of a welder’s ability to produce
welds in a manner described in a Welding Procedure Spec-
ification that meets prescribed standards.

welding operator: one who operates machine or automatic
welding equipment.
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Welding Procedure Specification (WPS): a written qualified
welding procedure prepared to provide direction for
making production welds to Code requirements. The
WPS or other documents may be used to provide direction

to the welder or welding operator to ensure compliance
with the Code requirements.

weldment: an assembly whose component parts are joined
by welding.

17
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Chapter I
Design

PART 1
CONDITIONS AND CRITERIA

101 DES|GN CONDITIONS
101.1 General

These design conditions define the pressures, tempera-
tures, and|various forces applicable to the design of power
piping syqtems. Power piping systems shall be designed
for the mlost severe condition of coincident pressure,
temperatiire, and loading, except as herein stated. The
most severe condition shall be that which results in
the greatest required pipe wall thickness and the
highest cqmponent rating.

101.2 Prpssure

All pregsures referred to in this Code are expressed in
pounds pdrsquare inch (psig) and kilopascals above atmo-
spheric pressure [kPa (gage)], unless otherwise stated.

101.2.2| Internal Design Pressure. The internal design
pressure ghall be not less than the maximum sustained
operating pressure (MSOP) within the piping system
including [the effects of static head.

101.2.4| External Design Pressure. Piping subject to
external pressure shall be designed.for the maximum
differential pressure anticipated during operating, shut-
down, or fest conditions.

101.2.5| Pressure Cycling.\This Code does not address
the contribution to fatigue-in fittings and components
caused by pressure eycling. Special consideration may
be neces§ary where.systems are subjected to a very
high numper of.large pressure cycles.

101.2.6| Required Pressure Containment or Relief

(c) The allowances of paras. 102.2.4, 102.3.3(a), and
104.8.2 are permitted, provided that the other.require-
ments of paras. 102.2.4, 102.3.3(a), and [104.8.2 are
also met.

101.3 Temperature

101.3.1 All temperatureswéferred to in this Code,
unless otherwise stated, are the average metal tenfpera-
tures of the respective materials expressed in degrees
Fahrenheit (°F) and degrees Celsius (°C).

101.3.2 Design-Temperature

(a) The pipihg shall be designed for a metal tenfpera-
ture representing the maximum sustained condition
expected. The design temperature shall be assun]ed to
be thé€'same as the fluid temperature unless calculations
or.tests support the use of other data, in which case the
design temperature shall not be less than the average of
the fluid temperature and the outside wall temperpture.
Ambient effects, including solar thermal heating, shall be
considered.

(b) Where a fluid passes through heat exchanggrs in
series, the design temperature of the piping in|[each
section of the system shall conform to the most severe
temperature condition expected to be produced hy the
heat exchangers in that section of the system.

(c) For steam, feedwater, and hot water piping ldading
from fired equipment (such as boiler, reheater, superheat-
er, or economizer), the design temperature shall be pased
on the expected continuous operating condition plfis the
equipment manufacturer’s guaranteed maximum
temperature tolerance. For operation at temperdtures
in excess of this condition, the limitations descrihed in
para. 102.2.4 shall apply.

(d) Accelerated creep damage, leading to excg¢ssive

creen strains and notential pine rupture caused by
r r r-r r 4

(a) Provision shall be made to safely contain or relieve
(see paras. 122.5 and 122.14.1) any expected pressure to
which the piping may be subjected. Piping not protected
by a pressure-relieving device, or that can be isolated from
a pressure-relieving device, shall be designed for at least
the highest expected pressure.

(b) Sources of pressure to be considered include
ambient influences, pressure oscillations and surges,
improper operation, decomposition of unstable fluids,
static head, and failure of control devices.

extended operation above the design temperature shall
be considered in selecting the design temperature for
piping to be operated above 800°F (425°C).

101.3.3 Design Minimum Temperature. The design
minimum temperature is the lowest component tempera-
ture expected in service. This temperature may establish
special design requirements and material qualification re-
quirements. See also paras. 101.4.3 and 124.1.2.
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101.4 Ambient Influences

101.4.1 Cooling Effects on Pressure. Where the
cooling of a fluid may reduce the pressure in the
piping to below atmospheric, the piping shall be designed
to withstand the external pressure or provision shall be
made to break the vacuum.

101.4.2 Fluid Expansion Effects. Where the expansion
of a fluid may increase the pressure, the piping system

101.5.4 Vibration. Piping shall be arranged and
supported with consideration of vibration [see paras.
120.1(c) and 121.7.5].

101.5.5 Discharge Reactions. Piping shall be designed,
arranged, and supported so as to withstand reaction
forces due to fluid pressure and momentum effects
during normal operations and anticipated transients.

101.6 Weight Effects

shall
or pr

1 | - e =] 4 4] : paj
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vision shall be made to relieve the excess pressure.

101.4.3 Ambient Temperature. Consideration shall be
given|to how ambient temperature conditions impact the
displlacement stress analysis described in paras.
102.32(b) and 104.8.3.

101.

101.5.1 Impact. Impact forces caused by all external
and internal conditions shall be considered in the
piping design. One form of internal impact force is due
to the propagation of pressure waves produced by
sudd¢n changes in fluid momentum. This phenomenon
is offfen called water or steam “hammer.” It may be
causgd by the rapid opening or closing of a valve in
the system. The designer should be aware that this is
only pne example of this phenomenon and that other
causes of impact loading exist.

Dynamic Effects

101.5.2 Wind. Exposed piping shall be designed-to
withgtand wind loadings. The analysis considerations
and lpads may be as described in ASCE/SEI 7-except
the Alllowable Stress Design reduction factershall not
be applied. Authoritative local meteorological data may
also Be used to define or refine the désign wind forces.
Wherle local jurisdictional rules covering the design of
building structures are in effect arfd specify wind loadings
for piping, these values shall be considered the minimum
design values. Wind need hot be considered as acting
concyrrently with earthquakes.

101.5.3 Earthquake..The effect of earthquakes shall be
consiflered in the (design of piping, piping supports, and
restrgints. The-analysis considerations and loads may be
as depcribedtin/ASCE/SEI 7, except the Allowable Stress
Desigh reduction factor shall not be applied. Authoritative
local [seismological data may also be used to define or

The weight effects described in paras. 101:6{1 through
101.6.3 combined with loads and forces from.other causes
shall be taken into account in the design| of piping. Piping
shall be carried on adjustable hangers'or properly leveled
rigid hangers or supports, andysuitable sprihgs, sway
bracing, vibration dampenets; €tc., shall be[provided
where necessary.

101.6.1 Live Load. Thelive load consists of the weight
of the fluid transpoprtéd. Snow and ice loadp shall be
considered in localities where such conditiong exist.

101.6.2 Dead Load. The dead load consipts of the
weight of/the/piping components, insulation, protective
lining and ‘coating, and other superimposed pgermanent
loads:

101.6.3 Test or Cleaning Fluid Load. The test or
cleaning fluid load consists of the weight of the test or
cleaning fluid.

101.7 Thermal Expansion and Contractign Loads

101.7.1 General. The design of piping sysfems shall
take account of the forces and moments resulting from
thermal expansion and contraction, and [from the
effects of expansion joints.

Thermal expansion and contraction shall be
for, preferably by pipe bends, elbows, offsets, or
direction of the pipeline.

Hangers and supports shall permit expansion and
contraction of the piping between anchors.

provided
rhanges in

101.7.2 Expansion, Swivel, or Ball Joints, and Flexible
Metal Hose Assemblies. Joints of the corrugated bellows,
slip, sleeve, ball, or swivel types and flexible metal hose
assemblies may be used if their materials confgrm to this
Code, their structural and working parts arel of ample
proportions, and their design prevents the |complete

refine the design earthquake forces. Where local jurisdic-
tional rules covering the design of building structures are
in effect and specify seismic loadings for piping, these
values shall be considered the minimum design values.
ASME B31E may be used as an alternate method of
seismic qualification or for guidance in seismic design.
Earthquakes need not be considered as acting concur-
rently with wind.

19

disengagement of working parts while in service. In deter-
mining expansion joint design criteria, the designer shall
give due consideration to conditions of service, including,
but not limited to, temperature, pressure, externally
imposed displacements, corrosion/erosion, fatigue, and
flow velocity. The design of metallic bellows expansion
joints shall be in accordance with Mandatory Appendix P.
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101.9 Reduced Ductility Effects

The design rules of this Code are based on material that
has adequate ductility to provide sufficient reserve margin
so that overstress conditions will not cause sudden brittle
failure and a ductile failure mode occurs. For materials or
conditions where reduced ductility is expected, the Code
may impose reductions of allowable stress to provide
greater margins to failure. Other conditions may result
in reduced ductility; for example, ductility reduction

Piping components, such as pipe, for which allowable
stresses have been developed in accordance with
para. 102.3, but that do not have established pressure
ratings, shall be rated by rules for pressure design in
para. 104, modified as applicable by other provisions
of this Code.

Should it be desired to use methods of manufacture or
design of components not covered by this Code or not
listed in referenced standards, it is intended that the
nts of

may resylt from welding, heat treatment, forming,
bending, pr low operating temperatures, including the
chilling effect of sudden loss of pressure on highly volatile
fluids. When such conditions could occur, the designer
should enpure that adequate design margins are incorpo-
rated.

102 DES|IGN CRITERIA
102.1 General

These driteria cover pressure-temperature ratings for
standard pnd specially designed components, allowable
stresses, [stress limits, and various allowances to be
used in the design of piping and piping components.

102.2 Pressure-Temperature Ratings for Piping
Camponents

102.2.1| Components Having Specific Ratings. Pres-
sure-temperature ratings for certain piping components
have beer] established and are contained in some of thé
standardsg| listed in Table 126.1-1.

Where piping components have established pressure—
temperatyre ratings that do not extend to the uppetr mate-
rial tempgrature limits permitted by this Cede, the pres-
sure-temperature ratings between those-established and
the upper|material temperature limit may’be determined
in accordqnce with the rules of this"Code, but such exten-
sions are [subject to restrictions; if-any, imposed by the
standards

Standaild components may.not be used at conditions of
pressure and temperature that exceed the limits imposed
by this Cdde.

102.2.2 Components Not Having Specific Ratings.
Some of the standards listed in Table 126.1-1, such as
those for putt<welding fittings, specify that components

apnufactirnar chall copanlyy vzl 1
tHaeterer—S Pry—wth HH

HaHh hall-com the—reqttt
paras. 103 and 104 and other applicable requirements
of this Code for design conditions involved. Where’cqmpo-
nents other than those discussed above, such as pipe or
fittings not assigned pressure-temperature ratings|in an
American National Standard, are used;the manufacthirer’s
recommended pressure-temperature rating shall not be
exceeded.

102.2.3 Ratings: Normal Operating Conditipn. A
piping system shall be considered safe for operation if
the maximum sustained operating pressure and tenpera-
ture that may act elvany part or component of the system
do not exceed, the)maximum pressure and tempeifature
allowed by thisCode for that particular partor compd@nent.
The design pressure and temperature shall not excegd the
pressure-temperature rating for the particular cqmpo-
nentdnhdmaterial as defined in the applicable specifi¢ation
or.standard listed in Table 126.1-1.

102.2.4 Ratings: Allowance for Variation From
Normal Operation. The maximum internal prefsure
and temperature allowed shall include considerations
for occasional loads and transients of pressure and
temperature.

[tis recognized that variations in pressure and tenipera-
ture inevitably occur, and therefore the piping system,
except as limited by component standards referyed to
in para. 102.2.1 or by manufacturers of compohents
referred to in para. 102.2.2, shall be considered safe
for occasional short operating periods at higher| than
design pressure or temperature. For such variafions,
either pressure or temperature, or both, may exceed
the design values if the computed circumferential|pres-
sure stress does not exceed the maximum alloyable
stress for the coincident temperature by

(a) 15% ifthe event duration occurs for no more than 8
hr at any one time and not more than 800 hr/yr, or

shall be furmisiredm mommimatthickmessesUmtess
limited by a standard listed in Table 126.1-1, such compo-
nents shall be rated for the same allowable pressures as
seamless pipe of the same nominal thickness, as deter-
mined in paras. 103 and 104 for material having the
same allowable stress. For components with longitudinal
weld joints, the component pressure rating as determined
for seamless pipe shall be multiplied by the weld joint
strength reduction factor, W, as defined in para. 102.4.7.

20

(b] 20% if the event duration occurs for not more than
1 hr at any one time and not more than 80 hr/yr

102.2.5 Ratings at Transitions. Where piping systems
operating at different design conditions are connected, a
division valve shall be provided having a pressure-
temperature rating equal to or exceeding the more
severe conditions. See para. 122 for design requirements
pertaining to specific piping systems.
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102.3 Allowable Stress Values and Other Stress
Limits for Piping Components

102.3.1 Allowable Stress Values

(a) Allowable stress values to be used for the design of
power piping systems are given in the tables in
Mandatory Appendix A, also referred to in this Code
Section as the Allowable Stress Tables. These tables
list allowable stress values for commonly used materials

Pd,>
2,2

(b) Displacement Stress Ranges
(1) Cyclic Displacement Stress Ranges. The calculated
reference displacement stress range, Si (see paras. 104.8.3
and 119.6.4), shall not exceed the allowable stress range,
S4, calculated by eq. (1A)

Sp = f(1.258, + 0.258},) (14)

attell lJCl dtul S alJlJl UlJl idtCtU lJUVVCl l)ll_}llls ill)td}‘latiUllb.
In every case the temperature is understood to be the
metal temperature. Where applicable, weld joint effi-
ciency factors and casting quality factors are included
in the¢ tabulated values. Thus, the tabulated values are
valuep of S, SE, or SF, as applicable.

(b)] Allowable stress values in shear shall not exceed
80% l|of the values determined in accordance with the
rules|of (a). Allowable stress values in bearing shall
not exceed 160% of the determined values.

(c)| The basis for establishing the allowable stress
valugs in this Code Section are the same as those in
ASMHE BPVC, Section II, Part D, Mandatory Appendix 1
and Mandatory Appendix 2, 2-120; except that allowable
stresges for cast iron and ductile iron are in accordance
with ASME BPVC, Section VIII, Division 1, Nonmandatory
Appendix P for Tables UCI-23 and UCD-23, respectively.

102.3.2 Limits for Sustained Stresses and Displace-
ment|Stress Ranges

(a)| Sustained Stresses

1) Internal Pressure Stress. The calculated stress due
to intprnal pressure shall not exceed the allowable stress
valuep. This criterion is satisfied when the wall thickness
of the piping component, including any reinforcement,
meet$ the requirements of paras. 204.1 through 104.7,
exclufing para. 104.1.3 but including the consideration
of allpwances permitted by paras. 102.2.4, 102.3.3(b),
and 102.4.

?) External Pressure Stress. Piping subject to
exterjnal pressure shall\be considered safe when the
wall thickness and-méans of stiffening meet the require-
ment$ of para. 104.1.3.

3) Longitudinal Stress. The sum of the longitudinal
stresges, Si(see para. 104.8.1), due to pressure, weight,
and ofhersustained loads shall not exceed the basic mate-
rial allowable stress in the hot condition, S.

When S, is greater than S;, the differenc¢ between
them may be added to the term 0.25S;.0n eq. (1A). In
that case, the allowable stress range, §,, is ¢alculated
by eq. (1B)

Sp = f(1.258, + 1258 — S) (1B)

where
f = cyclic stress range factor® for the total pumber of
equivalent reference displacement strjess range
cycles, N, determined from eq. (1C)

f=6/N"%< 10 (10
N = total number of equivalent reference| displace-
ment stress range cycles expected during the
service life of the piping. A minimum)| value for
f1is 0.15, which results in an allowablg displace-
ment stress range for a total number of ¢quivalent
reference displacement stress range cycles
greater than 10° cycles.

S. = basic material allowable stress at the |minimum
metal temperature expected during the|reference
stress range cycle, psi (kPa)

S, = basic material allowable stress at the maximum

metal temperature expected during thelreference
stress range cycle, psi (kPa)

In determining the basic material allowablg stresses,
S. and S, for welded pipe, the joint efficiencyj factor, E,
need not be applied (see para. 102.4.3). The|values of
the allowable stresses from Mandatory Appendix A or
as calculated per para. 123.1.2(b) may be divided by
the joint efficiency factor given for that material. In deter-
mining the basic material allowable stresses fof castings,

The longitudinal pressure stress, S;,, may be deter-
mined by either of the following equations. When used in
Figure 104.8-1, eq. (16), P is the pressure coincident with
the occasional load being evaluated.

Slp = ZDO
tﬂ

or

the casting quality factor, F, shall be applied (see para.
102.4.6).

! Applies to essentially noncorroded piping. Corrosion can sharply
decrease cyclic life; therefore, corrosion-resistant materials should
be considered where a large number of significant stress range
cycles is anticipated. The designer is also cautioned that the fatigue
life of materials operated at elevated temperatures may be reduced.

2 For materials with a minimum tensile strength of over 70 ksi (480
MPa), egs. (1A) and (1B) shall be calculated using S, or S, values no
greater than 20 ksi (140 MPa), unless otherwise justified.
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When considering more than a single displacement
stress range, whether from thermal expansion or other
cyclic conditions, each significant stress range shall be
computed. The reference displacement stress range, Sg,
is defined as the greatest computed displacement
stress range. The total number of equivalent reference
displacement stress range cycles, N, may then be calcu-
lated by eq. (2)

other design requirements. This allowance in the judg-
ment of the designer shall be consistent with the expected
life of the piping.

102.4.2 Threading and Grooving. The calculated
minimum thickness of piping (or tubing) that is to be
threaded shall be increased by an allowance equal to
thread depth; dimension h of ASME B1.20.1 or equivalent
shall apply. For machined surfaces or grooves, where the
tolerance is not specified, the tolerance shall be assumed

N=Ng+ Y (g N)fori=1,2.n @
where

Ng = number of cycles of the reference displacement
sfress range, Sg

N; = njumber of cycles associated with displacement
stress range, S;

q: = S|/Se

Sg = reference displacement stress range [see
para. 104.8.4(c)], psi (kPa)

S; = apy computed stress range other than the refer-
epce displacement stress range, psi (kPa)

(2) Noncyclic Displacement Stress Ranges. Stress
ranges caused by noncyclic movements such as those
due to sejlflement or uplift of pipe-supporting structures
or components such as buildings, pipe racks, pipe anchors,
or rigid syipports will not significantly influence fatigue
life. Stresf ranges caused by such movements may be
calculated using Figure 104.8-1, eq. (17), replacing S,
with an gllowable stress range of 3.0S; and replacing
M. with the moment range due to the noncyclic moves
ment. The stress ranges due to noncyclic displacements
need not be combined with cyclic stress ranges/in‘accor-
dance with (1).

102.3.3| Limits of Calculated Stresses,Due to Occa-
sional Loads

(a) Dufging Operation. The suin-of the longitudinal
stresses produced by internal\pressure, live and dead
loads, anld such occasional\loads as the temporary
supporting of extra weight' may exceed the allowable
stress values given in the Allowable Stress Tables by
the amounts and durations of time given in para. 104.8.2.

(b) Dufing TeSt."During pressure tests performed in
accordange with para. 137, the circumferential (hoop)
stress shallnot exceed 90% of the yield strength

to be 74 in. (0.40 mm) in addition to the specified depth of
cut. The requirements of para. 104.1.2(c) shall also apply.

102.4.3 Weld Joint Efficiency Factors. The-use of joint
efficiency factors for welded pipe is required by this|Code.
The factors in Table 102.4.3-1 are based on full penetra-
tion welds. These factors are includéd in the allowable
stress values given in Mandatory Appendix Al The
factors in Table 102.4.3-1 apply to both straight|seam
and spiral seam welded pipe.

102.4.4 Mechanical Strength. Where necessa
mechanical strength to prevent damage, collapse, ¢
sive sag, or buckling of pipe due to superimposed|loads
from supportsor other causes, the wall thickness pf the
pipe shouldbe increased; or, if this is impractical or yould
cause excessive local stresses, the superimposed loads or
othexcauses shall be reduced or eliminated by jother
desigh methods. The requirements of para. 104.1.2(c)
shall also apply.

'y for
xces-

102.4.5 Bending. The minimum wall thickness :
point on the bend shall conform to (a) or (b).

(a) The minimum wall thickness at any point in a
completed bend shall not be less than requir¢d by
para. 104.1.2(a), eq. (7) or eq. (8).

(1) Table 102.4.5-1 is a guide to the designe
will specify wall thickness for ordering pige. In
general, it has been the experience that when|good
shop practices are employed, the minimum thickrjesses
of straight pipe shown in Table 102.4.5-1 should be|suffi-
cient for bending and still meet the minimum thickness
requirements of para. 104.1.2(a).

(2) The bend thinning allowance in Table 102{4.5-1
may be provided in all parts of the cross section of the pipe
circumference without any detrimental effects peing
produced.

(b) The minimum required thickness, t,, of a pend,

t any

r who

(0.2% offset) at test temperature. In addition, the sum
of longitudinal stresses due to test pressure and live
and dead loads at the time of test, excluding occasional
loads, shall not exceed 90% of the yield strength at
test temperature.

102.4 Allowances

102.4.1 Corrosion or Erosion. When corrosion or
erosion is expected, an increase in wall thickness of
the piping shall be provided over that required by

22

after bending, In its finished form shall be determined
in accordance with eq. (3) or eq. (4)

PD
fy=———0 4 A 3)
2(SEW/I + Py)
or
_ Pd + 2SEWA/I + 2yPA ”
=

2(SEW/I + Py —P)
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Table 102.4.3-1

Longitudinal Weld Joint Efficiency Factors for Pipe and Tube (24)
No. Type of Joint Type of Seam Examination Factor E
1 Furnace butt weld, continuous weld Straight As required by listed specification 0.60
Q [Note (1]
2 Electric resistance weld Straight or spiral As required by listed specification 0.85
Q [Note (1)]
3 Electric fusion weld
a) Single butt weld Straight or spiral As required by listed specification .85
(without filler metal) Additionally 100% 1.00
volumetric examination [Note (2)]
(RT or UT)
b) Single butt weld Straight or spiral As required by listed specification .80
(with filler metal) Additionally 100% 1.00
volumetric examination [Note (2)]
(RT or UT)
c) Double butt weld Straight or spiral As requirediby listed specification .90
(without filler metal) 4 Addltlonally 100% 1.00
I)’ vélumetric examination [Note (2)]
(RTor UT)
d) Double butt weld Straight or spiral As required by listed specification .90
(with filler metal) Additionally 100% 1.00
volumetric examination [Note (2)]
(RT or UT)
4 \PI 5L Submerged arc weld Straight’with As required by specification .90
(SAW) one or two
seams
Gas metal arc weld Spiral Additionally 100% 1.00
(GMAW) volumetric examination [Note (2)]
Combined GMAW{ SAW (RT or UT)
NOTES:

(1) Itfis not permitted to increase the Jongitudinal weld joint efficiency factor by additional examination for joint 1 or joint 2.

(2) RT (radiographic examination) shall‘be in accordance with the requirements of para. 136.4.5 or the material specification, as agplicable. UT
(u]trasonic examination) shall.be in accordance with the requirements of para. 136.4.6 or the material specification, as applicable.

23
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Table 102.4.5-1
Bend Thinning Allowance

Minimum Thickness
Recommended Prior to

Radius of Bends Bending
6 pipe diameters or greater 1.06t,,
5 pipe diameters 1.08¢,,
4 pipe diameters 1.14¢,
3 pipe diameters 1.25¢t,

where at the intrados (inside of bend)

_ 4(R/D,) — 1 )
4(R/D0) -2
and at the extrados (outside of bend)
_ 4R/D) +1 6
4(R/D,) + 2

and-at-the sidewall on-the bend centerline

GENERAL NOTES:

(a) Interpojation is permissible for bending to intermediate radii.

(b) tn is dgtermined by eq. (7) or eq. (8) of para. 104.1.2(a).

(c) Pipe dipmeter is the nominal diameter as tabulated in ASME
B36.10M, Table 1 and ASME B36.19M, Table 1. For piping
with a fliameter not listed in these tables, and also for tubing,
the norhinal diameter corresponds with the outside diameter.

Figure 102.4.5-1
Nomenclature for Pipe Bends

1
1
1
i End of bend
i (typ.)
r
1
1

R /

/
Q Extrados

I=10

where
R = bend radius of pipe bend

See para. 104.1.2 for the othér nomenclature|used
above.

W equals 1 for seamless pipe or for seam-welded pipe
operating below the creep.range and for parts of thg bend
that do not contain a Weld.

Thickness variations/from the intrados to the extrados
and at the ends ofthe bend shall be gradual. The thickness
requirementsapply at the center of the bend arc andjat the
intrados,extrados, and bend centerline((see
Figure 102:4.5-1). The minimum thickness at thef ends
of the.bends shall not be less than the requiremepts of
paran104.1.2 for straight pipe. For bends to conform
tothis paragraph, all thickness requirements shall bg met.

102.4.6 Casting Quality Factors

(a) General. Except for gray iron castings, the ude of a
casting quality factor is required for all cast components
that use the allowable stress values of Mandatory Appen-
dix A as the design basis. This factor, 0.80 for castings and
0.85 for centrifugally cast pipe, is included in the allowable
stress values given in Mandatory Appendix A.

This required factor does not apply to component stan-
dards listed in Table 126.1-1, if such standards define
allowable pressure-temperature ratings or provide the
allowable stresses to be used as the design basjis for
the component.

(b) For steel materials, a casting quality factdr not
exceeding 1.0 may be applied when the following require-
ments are met:

(1) All steel castings having a nominal body thick-
ness of 4% in. (114 mm) or less (other than|pipe

flanges, flanged valves and fittings, and butt welding
end valves, all complying with ASME B16.5 or ASME
B16.34) shall be inspected visually (MSS SP-55 may be
used for guidance) as follows:

(-a) All critical areas, including the junctions of all
gates, risers, and abrupt changes in section or direction
and area of weld end preparation, shall be volumetrically
examined in accordance with ASME BPVC, Section V.
Radiographs shall conform to the requirements of
ASTM E446 or ASTM E186, depending on the section
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Table 102.4.6-1
Maximum Severity Level for Casting Thickness
4% in. (114 mm) or Less

Severity Level

Discontinuity <1in. (25mm) >1in. (25 mm)
Category Designation Thick Thick

For E446 [Castings up to 2 in. (50 mm) Thickness]

(2) All steel castings having a nominal body thick-
ness greater than 4% in. (114 mm) (other than pipe
flanges, flanged valves and fittings, and butt welding
end valves, all complying with ASME B16.5 or ASME
B16.34) shall be inspected visually (MSS SP-55 may be
used for guidance) as follows:

(-a) All surfaces of each casting including
machined gasket seating surfaces shall be examined by

A ! 2 the magnetic particle or dye penetrant method after
B 2 3 eat treatmen o examinationtechrictes—s i
heat-treatmen +The-examina tien—techniqtes—shall be in
Types (L, 2, 3, and 4 of C 1 3 accordance with ASME BPVC, Section V, Adtticle 6 or
D, E K and G None None Article 7, as applicable, and Article 9. Magnetjc particle
acceptable acceptable

For E1/86 [Castings 2 in. to 4% in. (50 mm to 114 mm) Thickness]

A, B, apd Types 1 and 2 of C 2 2

Type § of C 3 3

D, E, ahd F None None
acceptable acceptable

thickhess. MSS SP-54 may be used for guidance. The
maximum acceptable severity level for a 1.0 quality
factoy shall be as listed in Table 102.4.6-1. Where appro-
priat¢, radiographic examination (RT) of castings may be
supplemented or replaced with ultrasonic examination
(UT),|[provided it is performed in accordance with MSS
SP-94.
(-b) All surfaces of each casting, including
machlined gasket seating surfaces, shall be exanfined
by the magnetic particle or dye penetrant method after
heat freatment. The examination techniques.shall be in
accoljdance with ASME BPVC, Section Vj Article 6 or
Article 7, as applicable, and Article 9. MSS SP-53 and
MSS $P-93 may be used for guidaneexMagnetic particle
or dye penetrant indications exceeding degree 1 of
Type|l, degree 2 of Type II, and degree 3 of Type III,
and ¢xceeding degree 1 of Types IV and V of ASTM
E125|are not acceptable<and shall be removed.

(-c) Where more.than one casting of a particular
desigh is produced,-edch of the first five castings shall be
inspected as above~/Where more than five castings are
being produced, the examination shall be performed
on thp firstfiv€ plus one additional casting to represent
each ffive-additional castings. If this additional casting
proves t6 be unacceptable, each of the remaining castings

or dye penetrant indications exceeding degree 1 of
Type I, degree 2 of Type II, degree™3 of Type III, and
degree 1 of TypesIVand V of ASTM E125 shall bg removed.

(-b) All parts of castings shall be subjected to
complete volumetric examination (RT or UT)| in accor-
dance with ASME BPVE;-Section V. Radiogrdphs shall
conform to the requiréments of ASTM E280.

The maximum acceptable severity leve] for a 1.0
quality factor shall be as listed in Table 102.4.6-2. MSS
SP-54 may be‘used for guidance. Where appropriate,
radiographic'éxamination (RT) of castings may pe supple-
mented.or replaced with ultrasonic examination (UT),
provided it is performed in accordance with MSS SP-94.

(-¢) Any discontinuities in excess of the naximum
permitted in (-a) and (-b) shall be removed and may be
repaired by welding after the base metal fhas been
magnetic particle or dye penetrant inspected [to ensure
complete removal of discontinuities. [Refef to para.
127.4.11(a).]

(-d) All weld repairs of depth exceeding 1 in. (25
mm) or 20% of the section thickness, whichgver is the
lesser, shall be inspected by volumetric exgmination
(RT or UT) in accordance with (-b) and by|magnetic
particle or dye penetrant inspection of thq finished
weld surface. All weld repairs of depth less than 20%
of the section thickness or 1 in. (25 mm), whiichever is
the lesser, and all weld repairs of section thfat cannot
be effectively radiographed shall be examined by magnetic
particle or dye penetrant inspection of the firgt layer, of
each ¥, in. (6 mm) thickness of deposited weld etal, and
ofthe finished weld surface. Magnetic particle or|dye pene-
trant testing of the finished weld surface shall be done
after postweld heat treatment.

in the group shall be inspected.

(-d) Any discontinuities in excess of the maximum
permitted in (-a) and (-b) shall be removed, and the casting
may be repaired by welding after the base metal has been
inspected to ensure complete removal of discontinuities.
[Refer to para. 127.4.11(a).] The completed repair shall be
subject to reinspection by the same method as was used in
the original inspection and shall be reinspected after any
required postweld heat treatment.

Table 102.4.6-2
Maximum Severity Level for Casting Thickness
Greater Than 4% in. (114 mm)

Discontinuity
Category Designation Severity Level
A, B, and Types 1, 2, and 3 of C 2

D,E and F None acceptable
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(c) For castiron and nonferrous materials, no increase
of the casting quality factor is allowed except when special
methods of examination, prescribed by the material spec-
ification, are followed. If such increase is specifically
permitted by the material specification, a factor not
exceeding 1.0 may be applied.

102.4.7 Weld Strength Reduction Factors. At elevated
temperatures, seam welds on longitudinal-welded or
spiral-welded pipe can have lower creep strength than

the base njaterial. This reduction is a factor in determining
the minimum wall thickness for longitudinal-welded or
spiral-welded pipe (i.e., not seamless), whether fabricated
inaccordqnce with a material specification or fabricated in
accordande with the rules of this Code. The weld strength
reduction] factor, W, is given in Table 102.4.7-1. The
designer [is responsible to assess application of weld
strength treduction factor requirements for welds other
than longitudinal and spiral, as applicable (e.g., circumfer-
ential welds).

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

103 CRITERIA FOR PRESSURE DESIGN OF PIPING
COMPONENTS

The design of piping components shall consider the
effects of pressure and temperature, in accordance
with paras. 104.1 through 104.7, including the considerar
tion of allpwances permitted by paras. 102.2.4 and 102.4~
In additioh, the mechanical strength of the piping system
shall be determined adequate in accordance with para.
104.8 ungler other applicable loadings, including, but
not limited to, those loadings defined in_para. 101.

104 PRESSURE DESIGN OF COMPONENTS

104.1 Straight Pipe

104.1.1 Straight PipesUnder Internal Pressure.
Straight pipe under jnternal pressure shall have a
minimum|wall thickness’calculated per para. 104.1.2.

104.1.2 Straight'Pipe Under Internal Pressure —
Seamless{ Longitudinal Welded, or Spiral Welded

(a) MinimwmWall-Thickness—The-minimum-thickness

tp = PDo +A
™ 2(SEW + Py) 7)
_ Pd + 2SEWA + 2yPA )
™" 2(SEW + Py —P)
Design pressure shall not exceed
2SEW (t,, — A) 9@
D, — 2y(t,, — A)
_ 2SEW (t,,, — A) (10)

d—2y(t, —A) + 2,

where
A = additional thi€khess, in. (mm)
(1) Te.cempensate for material
removeéd in threading, grooving| etc.,
required to make a mechanical joint,
refersto para. 102.4.2.
{2) To provide for mechanical strength
of the pipe, refer to para. 102.4.4 (not
intended to provide for extreme condjitions
of misapplied external loads or for mechan-
ical abuse).
(3) To provide for corrosion and/or
erosion, refer to para. 102.4.1.
d = inside diameter of pipe, in. (mm]). For
design calculations, the inside diaieter
of pipe is the maximum possible value
allowable under the purchase spegifica-
tion. When calculating the alloyable
working pressure of pipe on hand|or in
stock, the actual measured inside diameter
and actual measured minimum wall thick-
ness at the thinner end of the pipe njay be
used to calculate this pressure.
D, = outside diameter of pipe, in. (mm). For
design calculations, the outside diameter
of pipe as given in tables of stanglards
and specifications shall be used in
obtaining the value of ¢,,,, When calcujating
the allowable working pressure of pipe on
hand or in stock, the actual meagured

of pipe wall® required for design pressures within the
prescribed temperature limits for materials permitted
by para. 123.1, including allowances for mechanical
strength, shall not be less than that determined by eq.
(7) or eq. (8), as follows:

3 SF shall be used in place of SE where casting quality factors are
intended. See definition of SE. Units of P and SE shall be identical. A
values shall be converted to kilopascals when the design pressure is
in kilopascals.

outside diameter and actual measured
minimum wall thickness at the thinner
end of the pipe may be used to calculate
this pressure.

P = internal design pressure, psig [kPa (gage)]

NOTE: When computing the design pressure for
a pipe of a definite minimum wall thickness by
eq. (9) or eq. (10), the value of P obtained by
these formulas may be rounded to the next
higher unit of 10. For cast iron pipe, see (b).
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Table 102.4.7-1

Weld Strength Reduction Factors (WSRFs) to Be Applied When Calculating the Minimum Wall Thickness
or Allowable Design Pressure of Components Fabricated With a Longitudinal Seam Fusion Weld

Weld Strength Reduction Factor for Temperature, °F (°C) [Notes (1)-(7)]

700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200
Steel Group (371) (399) (427) (454) (482) (510) (538) (566) (593) (621) (649)

CrMo [Notes (8)-(10)] 1.00 0.95 091 0.86 0.82 0.77 0.73 0.68 0.64

CSEF (N + T) [Notes (8), (11), (12)] 1.00 095 0.91 086 082  0.77

CSEF (Sub Crit) [Notes (8), (13)] 1.00 050  0.50 050 050 050  0.50

Austehitic stainless (incl. 800H and 1.00 0.95 091 0.86 0.81 0.77

80QHT) [Notes (14), (15)]
Autogenously welded austenitic 1.00 1.00 1.00 1.00 1.0 1.00
staihless [Note (16)]

NOTESY:

(1) NP = not permitted.

(2) Longitudinal welds in pipe for materials not covered in this table operating in the creep regime are notpermitted. For the purposes of this
table, the start of the creep range is the highest temperature where the nonitalicized stress values endiintMandatory Appendix A for the base
thaterial involved.

(3) All weld filler metal shall be a minimum of 0.05% C for CrMo and creep strength enhanced-ferritic (CSEF) materials, and 0.04% C for
dustenitic stainless in this table.

(4) Materials designed for temperatures below the creep range [see Note (2)] may be used without consideration of the WSRF or thg rules of this
tpble. All other Code rules apply.

(5) Longitudinal seam welds in CrMo and CSEF materials shall be subjected to, and-pass, a 100% volumetric examination (RT|or UT). For
thaterials other than CrMo and CSEF, see para. 123.4(b).

(6) Attemperatures below those where WSRFs are tabulated, a value of 1.0 shallkbe'used for the factor, W, where required by the|rules of this

ode Section. However, the additional rules of this table and Notes do net-apply.

(7) (Qarbon steel pipes and tubes are exempt from the requirements of pafa. 102.4.7 and this table.

(8) Basicity index of SAW flux = 1.0.

(9) The CrMo steels include 1,Cr-Y%Mo, 1Cr-%Mo, 1Y,Cr-%Mo-Si, 2%Cr-1Mo, 3Cr-1Mo, and 5Cr-%Mo. Longitudinal welds shall be normal-
ifed, normalized and tempered, or subjected to proper subetitical PWHT for the alloy.

(10) Ilongitudinal seam fusion welded construction is not permitted for C-%;,Mo steel for operation in the creep range [see Notes [2) and (4)].

(11) The CSEF steels include Grades 91, 92, 911, 122, ands23.

(12) N + T = normalizing + tempering PWHT.

(13) Yub Crit = subcritical PWHT is required. No exémptions from PWHT are permitted. The PWHT time and temperature shpll meet the
lequirements of Table 132.1.1-1; the alternate BWHT requirements of Table 132.1.1-2 are not permitted.

(14) WSRFshave beenassigned for austenitic stainless (including 800H and 800HT) longitudinally welded pipe up to 1,500°F (816°() as follows:

Temperature, °E Temperature, °C Weld Strength Reduction Factor
1,250 677 0.73
1,300 704 0.68
1,350 732 0.64
1,400 760 0.59
1,450 788 0.55
1,500 816 0.5

(15) (ertainheats’ofthe austenitic stainless steels, particularly for those grades whose creep strength is enhanced by the precipitation of temper-
Hlesistant carbides and carbo-nitrides, can suffer from an embrittlement condition in the weld heat-affected zone that can lead tp premature
fhilure of welded components operating at elevated temperatures. A solution annealing heat treatment of the weld area niitigates this
STUSCeptbIity:

(16) Autogenous stainless steel welded pipe (without weld filler metal) has been assigned a WSRF up to 1,500°F (816°C) of 1.00, provided that

the product is solution annealed after welding and receives nondestructive electric examination, in accordance with the material spec-

ification.

27


https://asmenormdoc.com/api2/?name=ASME B31.1 2024.pdf

ASME B31.1-2024

SE or SF = maximum allowable stress in material due
to internal pressure and joint efficiency (or
casting quality factor) at the design
temperature, psi (MPa). The value of SE
or SF shall not exceed that given in
Mandatory Appendix A for listed materials
or as determined per para. 123.1.2(b) for
unlisted materials, for the respective mate-
rial and design temperature. These values

includa tha yazald 1odnt Affaian oy L _ortha
tHe

(1) Where steel pipe is threaded and used for steam
service at pressure above 250 psi (1750 kPa) or for water
service above 100 psi (700 kPa) with water temperature
above 220°F (105°C), the pipe shall be seamless, having
the minimum ultimate tensile strength of 48,000 psi (330
MPa) and a weight at least equal to Schedule 80 of ASME
B36.10M.

(2) Where threaded brass or copper pipe is used for
the services described in (1), it shall comply with pressure

And taranaratiaen Sloaccifioatinne At d o th Ao ate-

TH T e —tre—vv Era o e rrerenCy ;5O

casting factor, F.
t}, = minimum required wall thickness, in. (mm)

(1) Ifpipeisordered by its nominal wall
thickness, the manufacturing tolerance on
wall thickness shall be taken into account.
After the minimum pipe wall thickness, t,,,
is determined by eq. (7) or eq. (8), this
minimum thickness shall be increased by
an amount sufficient to provide the manu-
facturing tolerance allowed in the applica-
ble pipe specification or required by the
process. The next heavier commercial
wall thickness shall then be selected
from thickness schedules such as
contained in ASME B36.10M or from manu-
facturers’ schedules for other than stan-
dard thickness.

(2) To compensate for thinning in
bends, refer to para. 102.4.5.

(3) For castpiping components, refer to
para. 102.4.6.

(4) Where ends are subject to forming
or machining for jointing, the wall‘thick-
ness of the pipe, tube, or, component
after such forming or maehining shall
not be less than t,, minus the additional
thickness, A, provided for removal.

W = weld strength reduction factor (see

para. 102.4.7)
= 1 for seamless.pipe or for seam-welded
pipe operdting below the creep range
coefficient having values as given in
Table™104.1.2-1

(b) Thfickness of gray and ductile iron fittings
conveyinlg liquids may be determined from ANSI/

T EcCTpeT aeaFe-erasSeations PeTraretCaTorentsSt

rials by other paragraphs of this Code and shall have p wall
thickness at least equal to that specified abevelfo1] steel
pipe of corresponding size.
(3) Plain end nonferrous pipe or tube shall| have
minimum wall thicknesses as follows:
(-a) For nominal sizes $maller than NPS %/,

(DN 20), the thickness shall not®be less than that spdcified
for Type K of ASTM B88.
(-b) For nominal sizes NPS %, (DN 20), and larger,

the wall thickness shall not be less than 0.049 in.|(1.25
mm). The wall thickness shall be further increas¢d, as
required, in accerdance with para. 102.4.

104.1.3 Straight Pipe Under External Pressur¢. For
determining'wall thickness and stiffening requirements
for straight pipe under external pressure, the procedures
outlimedin ASME BPVC, Section VIII, Division 1, UG-2B, UG-
295and UG-30 shall be followed.

104.2 Curved and Mitered Segments of Pipe

104.2.1 Pipe Bends. Pipe bends shall be subject fo the
following limitations:

(a) The minimum wall thickness shall meet the re-
quirements of para. 102.4.5 and the fabrication require-
ments of para. 129.

(b) Limits on flattening and buckling at bends nlay be
specified by design, depending on the service, the magerial,
and the stress level involved. Where limits on ﬂatj::lning
and buckling are not specified by design, the requirements
of para. 129.1 shall be met.

104.2.2 Elbows. Elbows manufactured in accorflance
with the standards listed in Table 126.1-1 are sujtable
for use at the pressure-temperature ratings spegified
by such standards, subject to the requirements of|para.
106.

AWWA C110/A21.170 or ANSI/AWWA C153/A21.53.
The thickness of ductile iron pipe may be determined
by ANSI/AWWA C115/A21.15 or ANSI/AWWA C150/
A21.50. These thicknesses include allowances for
foundry tolerances and water hammer.

(c) While the thickness determined from eq. (7) or eq.
(8) is theoretically ample for both bursting pressure and
material removed in threading, the following minimum
requirements are mandatory to furnish added mechanical
strength:

104-2-3Miters. Miter Joints, and the terminology
related thereto, are described in ASME B31]. A widely

spaced miter with
tl’l
0<9,/—deg
r

shall be considered to be equivalent to a girth butt-welded
joint, and the rules of this paragraph do not apply. Miter
joints, and fabricated pipe bends consisting of segments of
straight pipe welded together, with 6 equal to or greater

(24)
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Table 104.1.2-1

Values of y
Temperature, °F (°C)

900 1,250

(482) (677)

and 950 1,000 1,050 1,100 1,150 1,200 and

Material Below (510) (538) (566) (593) (621) (649) Above
Ferritic steels 0.4 0.5 0.7 0.7 0.7 0.7 0.7 0.7
Austenitic steels 0.4 0.4 0.4 0.4 0.5 0.7 0.7 0.7
Nickel[alloy UNS No. NU6690 0.4 0.4 0.4 0.4 0.5 0.7 0.7
Nickell alloys UNS Nos. N06617, 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.7
N0g800, N08810, N08825
Cast ifon 0.0
Other |metals [Note (1)] 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
GENEHRAL NOTES:
(a) THe value of y may be interpolated between the 50°F (27.8°C) incremental values shown in the Table.
(b) Fdr pipe with a D,/t,, ratio less than 6, the value of y for ferritic and austenitic steels designed for tempetatures of 900°F (482°() and below
shipll be taken as y = d/(d + D,).

NOTE:| (1) Metals listed in Mandatory Appendix A that are not covered by the categories of materials listed above.
than this calculated value may be used within the limita- (2) When justification under para. 104.7 i$ based on
tions |described below. an analysis, that analysis and substantiating tests shall

(a)| Pressure shall be limited to 10 psi (70 kPa) under
the fdllowing conditions:
7) The assembly includes a miter weld with 8 > 22.5
r contains a segment that has a dimension

B < 6t,

deg,

?) The thickness of each segment of the miterisnot
less than that determined in accordance with para.104.1.
3) The contained fluid is nonflammable;*nontoxic,
and ihcompressible, except for gaseous vents to atmo-
sphere.
4) The number of full pressure)cycles is less than
during the expected lifetime of the piping system.
5) Full penetration welds are used in joining miter

7,000

consider'the discontinuity stresses that exist af the junc-
tuge between segments, both for static (including brittle
fracture) and cyclic internal pressure.
(3) Thewallthickness, t;, of a segment of a pniter shall

not be less than specified in (-a) or (-b), depending on the
spacing.
(-a) For closely spaced miter bends (fee ASME

B31] for definition)

A 2—r/R
ST ™1 —r/R)

(-b) For widely spaced miters (see ASME B31] for
definition)

t; = t,,(1 + 0.64,/r/t; tan 0)

segments.

(b)| Pressure shall be limited to 100 psi (700 kPa) under The ab . . . . drati
the cqnditions definedin.(a)(2) through (a)(5), in addition ( 1 €a ofve equation requires an iterative orjquadratic
to the following: solution for ¢;)

1) the angte:d does not exceed 22.5 deg 104.3 Intersections and Attachments
?) the assembly does not contain any segment that
has a|dimension 104.3.1 Branch Connections
B < ét, (a) This paragraph gives rules governing the¢ design of

(c) Miterstobe used in other services or at design pres-
sures above 100 psi (700 kPa) shall meet the requirements
of para. 104.7.

(1) When justification under para. 104.7 is based on
comparable service conditions, such conditions shall be
established as comparable with respect to cyclic as
well as static loadings.

29

branch connections to sustain internal and external pres-
sure in cases where the axes of the branch and the run
intersect, and the angle between the axes of the
branch and of the run is between 45 deg and 90 deg, inclu-
sive.

Branch connections in which the smaller angle between
the axes of the branch and the run is less than 45 deg or
branch connections where the axes of the branch and the
run do not intersect impose special design and fabrication
problems. The rules given herein may be used as a guide,

(24)
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but sufficient additional strength shall be provided to
ensure safe service. Such branch connections shall be
designed to meet the requirements of para. 104.7.

(b) Branch connections in piping may be made from
materials listed in Mandatory Appendix A by the use of
the following:

(1) fittings, such as tees, laterals, and crosses made in
accordance with the applicable standards listed in
Table 126.1-1 where the attachment of the branch
pipe to thefttng H—weleing; et-welding
brazing, spldering, threading, or a flanged connection.

(2) weld outlet fittings, such as cast or forged
nozzles, [couplings and adaptors, or similar items
where th¢ attachment of the branch pipe to the fitting
is by butt welding, socket welding, threading, or a
flanged cdnnection. Such weld outlet fittings are attached
to the rfin by welding similar to that shown in
Figure 12[7.4.8-5 or Figure 127.4.8-6, as applicable. The
minimumn] thickness of the weld attaching a branch
weld-on fltting to the run pipe shall be the greater of

(-a) the nominal wall thickness of the attached
branch pipe

(-b) the weld thickness required to fill the joint to
the manuffacturer’s fitting weld line (or the weld thickness
required to fill the joint to the edge of the first bevel of the
branch w¢ld-on fitting where a weld line is not provided)

MSS §P-97 may be used for design and manufacturing
standards| for integrally reinforced forged branch outlet
fittings. Cpuplings are restricted to a maximum of NPS 3
(DN 80).

(3) etruded outlets at right angles to the run pipe, in
accordande with (g), where the attachment of the bfanch
pipe is byl butt welding.

(4) piping directly attached to the run pipe by
welding ih accordance with para. 127.4.8-or by socket
welding ofr threading as stipulated below.

(-a) socket welded right angle branch connections
may be made by attaching the branch pipe directly to the
run pipe provided
-1) the nominal _size’ of the branch does not
exceed NPS 2 (DN 50)<¥r-one-fourth of the nominal
size of th¢ run, whichéver is smaller.

-2) the _depth of the socket measured at its
minimumn depthnin’the run pipe is at least equal to
that shown iASME B16.11. If the run pipe wall does
not have|sufficient thickness to provide the proper

oy—> & O AT Y]

(-1) the nominal size of the branch does not
exceed NPS 2 (DN 50) or one-fourth of the nominal
size of the run, whichever is smaller.

(-2) the minimum thread engagement is six full
threads for NPS % (DN 15) and NPS ¥, (DN 20) branches;
seven for NPS 1 (DN 25), NPS 1%, (DN 32), and NPS 1%,
(DN 40) branches; and eight for NPS 2 (DN 50) branches. If
the run pipe wall does not have sufficient thickness to
provide the proper depth for thread engagement, an alter-

(c) Branch Connections Not Requiring Reinforcement. A
pipe having a branch connection is weakened by the
opening that is made in it. Unless the wall thickngss of
the branch and/or run pipe is sufficiently in excess of
that required to sustain the pressure, it is necessgry to
provide additional material to meétthe reinforcemgnt re-
quirements of (d) and (e). However, there are c¢rtain
branch connections for which supporting calculgtions
are not required. These are.as follows:

(1) branch connettions made by the use of a fitting
(tee, lateral, cross,,or\branch weld-on fitting), manufac-
tured in accordance with a standard liste¢d in
Table 126.1-1 ahvd used within the limits of pressure-
temperatureratings specified in that standard.

(2) brahch connections made by welding a coypling
or half é6upling directly to the run pipe in accordance with
Figure 127.4.8-6, provided the nominal diameter pf the
branch does not exceed NPS 2 (DN 50) or one-fpurth
the nominal diameter of the run, whichever is less. The
minimum wall thickness of the coupling anywhgre in
the reinforcement zone (if threads are in the gone,
wall thickness is measured from the root of the thread
to the minimum 0.D.) shall not be less than that of the
unthreaded branch pipe. In no case shall the thickness
of the coupling be less than that of ASME B16.11,|Class
3000.

(3) integrally reinforced fittings welded diredtly to
the run pipe when the reinforcements provided By the
fitting and the deposited weld metal meet the require-
ments of (d).

(4) integrally reinforced extruded outlets in the run
pipe. The reinforcement requirements shall be in gccor-
dance with (g).

(5) partial penetration welded branch conne¢tions
NPS 2 (DN 50) and smaller, as shown in
Figure 127.4.8-7, illustration (a), provided ¢, is not

depth of socket, an alternate type of construction shall
be used.

(-3) the clearance between the bottom of the
socket and the end of the inserted branch pipe is in accor-
dance with Figure 127.4.4-3.

(-4) thesize of the fillet weld is not less than 1.09
times the nominal wall thickness of the branch pipe.

(-b) threaded right angle branch connections may
be made by attaching the branch pipe directly to the run
provided

Tess than the nominal wall thickness of Schedule 160
pipe of the branch size.

(6) partial penetration welded instrument connec-
tions NPS 2 (DN 50) and smaller, as shown in
Figure 127.4.8-7, illustration (b), provided t,, is not
less than Pd/1.6S,, where P is the design pressure [psi
(kPa)], d is the nominal diameter [in. (mm)] of the
hole into which the instrumentation is inserted, and S
is the allowable stress [psi (kPa)] of either the run
pipe or branch at the design temperature, whichever is
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lower. In addition, for welds made to instruments inserted
into the flow stream, the designer shall consider the fluid
flow static, dynamic, and vibration loads to which they will
be subjected.
(d) Branch Connections Subject to Internal Pressure
Requiring Reinforcement
(1) Reinforcement is required when it is not
provided inherently in the components of the branch
connection. This subparagraph gives rules covering the
desig

N ofhyanch copmpmactionc ta cictaiyn tntarnal meacciien
-6t € ORS5t0-5HSta Fesstre

taken to ensure that the two welds do not intersect
each other.

(-b) The required reinforcement area in square
inches (square millimeters) for branch connections
shall be the quantity

Ay = Ag(2 —sina) = (t,,, — A)d; (2 —sina)

Forrightangle connections, the required reinforce-
ment becomes

braneh-connect: H-nternalp
in cades where the angle between the axes of the branch L J
and pf the run is between 45 deg and 90 deg. A7 = A = (b = A)dy
Subppragraph (e) gives rules governing the design of The required reinforcementrshall be within the
conngctions to sustain external pressure. o . ! .
: : . . limits of the reinforcement zone as defined in| (-d).
?) Figure 104.3.1-1 illustrates the notations used in (c) The reinforcement réquired by (2) shall be
the pressure-temperature design conditions of branch . ¥ N Y
. . that provided by any combination of areas fl;, 4;, 43,
conngctions. These notations are as follows: ) : o
, . A4, and A4s, as defined bélow and illustrated|in Figure
b = subscript referring to branch
o . I . . 104.3.1-1 where
d; = inside centerline longitudinal dimension of . . .
. - A, = area provided-by excess pipe wall in the run
the finished branch opening in the run of the = (2dy - T, - t)
. . = 2~ Ur h = Ymh
_ I[)ll)pe'_mz'(g,nr?)A)]/sin a A, = area,in.? (mm?), provided by excess ppe wall in
Copob b . . . the\branch for a distance, L4, above the run
d, = “half width” of reinforcing zone, in. (mm) = 2B, (Ty - toy)/sin «
_ _ _ = 4 \Ib = tmb
- ;}Li%;eigerc:sfgggr(ent’haﬁ) 5 (T}iln ?r)rl;-ntil/ 2 Az =\area provided by deposited weld metpl beyond
D.. = outside diameter of branch "i’r’l (;nm) the outside diameter of the run anf branch,
b~ . . b and for fillet weld attachments of rings, pads,
D,, = outside diameter of header, in. (mm)
h = subscript referring to run or header and saddles
- Subscrip rons . A4 = area provided by a reinforcing ring, p4d, or inte-
L, = altitude of reinforcement zone outside of ral reinforcement. The value of A, mab be taken
run, in. (mm) 5 th . hich * h Vd tal
. . in the same manner in which excess header meta
- iigﬁi; A) + &y or 2.5(T) = A), whichever is is considered, provided the weld complgtely fuses
Ty, T, = actual wall thickness (by medsurément) or tl;elbra.n th pipe, rin glpe, arig.rm%)or pd}?' orlnte:
. : o gral reinforcement. For welding brandh connec
the minimum wall thickness permissible .
under the purchase specification of the tions refer to para. 127.4.8.
p e As = area provided by a saddle on right angle connec-
branch or header pjpe,_in. (mm) tions
tmp tmp = required minimum wall thickness, in. (mm), = (0. of saddle - D,y)t
of the branch grheader pipe as determined A ; r.es.sure design aorl:earex ected at the end of
by use i \104.1.2(a), eq. (7) or eq. (8) 6 = pressure desig P
y use in para e 4 service life
t. = thickness of‘attached reinforcing pad, in = (b - A)d
Examplée-A, in. (mm); or height of the = Limh 1
largést)60 deg right triangle supported by Portions of the reinforcement area may be
th db h outside di t
rf)':;ltr::dazurfalizcan:inll 1Sr11 ecorlnar{leete?r composed of materials other than those of the run
Svit}lun the area of inte ra}; reginforcimeni, pipe, but if the allowable stress of these materials is
in Examole B. in (mm)g ’ less than that for the run pipe, the corresponding calcu-
p A lated reinforcement area provided by this matlerial shall
a = angle between axes of branch and run, deg v 7

(-a) If the run pipe contains a longitudinal seam
that is not intersected by the branch, the stress value
of seamless pipe of comparable grade may be used to
determine the value of t,,,;, for reinforcement calculations
only. Ifthe branch intersects alongitudinal weld in the run,
or if the branch contains a weld, the weld joint efficiency
for either or both shall enter the calculations. If the branch
and run both contain longitudinal welds, care shall be

31

be reduced in the ratio of the allowable stress being
applied to the reinforcement area. No additional credit
shall be taken for materials having higher allowable
stress values than the run pipe.

(-d) Reinforcement Zone. The reinforcement zone
is a parallelogram whose width shall extend a distance, d5,
on each side of the centerline of the branch pipe, and
whose altitude shall start at the inside surface of the
run pipe and extend to a distance, L4, from the outside
surface of the run pipe.
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(-e) Reinforcement of Multiple Openings. It is
preferred that multiple branch openings be spaced so
that their reinforcement zones do not overlap. If closer
spacing is necessary, the following requirement shall
be met. The two or more openings shall be reinforced
in accordance with (2), with a combined reinforcement
that has a strength equal to the combined strength of
the reinforcement that would be required for the separate
openlngs No portlon of the cross sectlon shall be consid-

more than once in a Comblned area.

When more than two adjacent openings are
providegl with a combined reinforcement, the
minimum distance between centers of any two of
these opehings should preferably be at least 1% times
their avefage diameter, and the area of reinforcement
between [them shall be at least equal to 50% of the
total requfired for these two openings.

(-f] Rings, Pads, and Saddles. Reinforcement
provided|in the form of rings, pads, or saddles shall
not be appreciably narrower at the side than at the crotch.

A vent hole shall be provided at the ring, pad, or
saddle to provide venting during welding and heat treat-
ment. Refpr to para. 127.4.8(e).

Rings, pads, or saddles may be made in more than
one piece| provided the joints between pieces have full
thickness[welds, and each piece has a vent hole.

(-g) Other Designs. The adequacy of designs to
which th¢ reinforcement requirements of para. 104.3
cannot b¢ applied shall be proven by burst or proof
tests on sdale models or on full-size structures, or by calcu-
lations previously substantiated by successful service of
similar dgsign.

(e) Brdnch Connections Subject to External Pressure
Requiring Reinforcement. The reinforcement area in
square inghes (square millimeters) required for branch
connectiops subject to external pressure shall be

0.5t,,1,d1 (2 — gin)

where t,,} is the required<header wall thickness deter-
mined for straight pipe‘under external pressure, using
procedurgs outlined inNASME BPVC, Section VIII, Division
1, UG-28,|[UG-29, UG=30, and UG-31.

Procedpres established heretofore for connections
subject tg internal pressure shall apply for connections
subject to| extérnal pressure provided that D,,, D, and

tion shall be analyzed considering the stress intensifica-
tion factors as specified in ASME B31]. Use of ribs, gussets,
and clamps designed in accordance with para. 104.3.2 is
permissible to stiffen the branch connection, but their
areas cannot be counted as contributing to the required

reinforcement area of the branch connection.

(g) Extruded Outlets Integrally Reinforced
(1) The following definitions, modifications, nota-
tions, and requlrements are spec1f1cally appllcable to
3 - wall
thickness allowances in order that the reghired
minimum reinforcement is ensured over the design life
of the system.
(2) Definition. An extruded outlet header is d¢fined
as a header in which the extruded lipyat'the outlet has an
altitude above the surface of the tunthat is equal|to or
greater than the radius of curvature of the extlernal
contoured portion of the outlet; i.e., h, = r,. See ngmen-
clature and Figure 104.3.1-2!
(3) These rules apply only to cases where the gxis of
the outlet intersects ahd is perpendicular to the axisjof the
run. These rules,do‘not apply to any nozzle in which|addi-
tional nonintegralmaterial is applied in the form of|rings,
pads, or saddles.
(4) The notation used herein is illustrated in
Figure(04.3.1-2. All dimensions are in inches (milli-
meters).
dp = corroded internal diameter of branclf pipe
d. = corroded internal diameter of extjuded
outlet measured at the level of the
outside surface of the run
D,, = outside diameter of branch pipe

D, = outside diameter of run
d, = corroded internal diameter of run
h, = height of the extruded lip. This is equal to or
greater than r,, except as shown in (b) inder

the definition of r,.
Lg = altitude of reinforcement zone

= 0.7 /Dy T,

0
r1 = half width of reinforcement zone (eqpal to
dc)
r, = radius of curvature of external contpured
portion of outlet measured in the plane
containing the axes of the run and
branch. This is subject to the follgwing
limitations:

t. are reduced to compensate for external corrosion, if
required by design conditions.

(f) Branch Connections Subject to External Forces and
Moments. The requirements of the preceding paragraphs
are intended to ensure safe performance of a branch
connection subjected only to pressure. However, when
external forces and moments are applied to a branch
connection by thermal expansion and contraction; by
dead weight of piping, valves, and fittings, covering
and contents; or by earth settlement, the branch connec-

(-a) Minimum Radius. This dimension
shall not be less than 0.05D,;, except that
on branch diameters larger than NPS 30
(DN 750), it need not exceed 1.50 in. (38
mm).

(-b) Maximum Radius. For outlet pipe
sizes 6 in. (150 mm) nominal and larger,
this dimension shall not exceed 0.10D,; +
0.50 in. (0.10D,;, + 12.7 mm). For outlet
pipe sizes less than NPS 6 (DN 150), this
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Figure 104.3.1-2

Reinforced Extruded Outlets

(d) [Note (3)]
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Figure 104.3.1-2
Reinforced Extruded Outlets (Cont’d)

NOTES:

(1) Taper bore inside diameter (if required) to match branch pipe 1:3 maximum taper.
(2) Ilustration to show method of establishing T, when the taper encroaches on the crotch radius.

(3) Ilustration is drawn for condition where k = 1.00.

dimension shall be not greater than 1.25 in.
(32 mm).

(-c) When the external contour contains
more than one radius, the radius of any arc
sector of approximately 45 deg shall meet
the requirements of (-a) and (-b). When
the external contour has a continuously
varying radius, the radius of curvature at
every point on the contour shall meet the
requirements of (-a) and (-b).

(-d) Machining other than grinding for
weld cleanup shall not be employed to
meet the above requirements.

T, — A[ = actual wall thickness (by measurement) or
the minimum wall thickness permissible
under the purchase specification of the
branch pipe minus the corrosion allowance,
in. (mm)

Ty — A| = actual wall thickness (by measurement) or
the minimum wall thickness permissible
under the purchase specification of\the
header pipe minus the corrosion allowance,
in. (mm)

tmp — A| = required thickness of branch pipe according
to wall thickness eq. (7) of eg. (8) in para.
104.1.2(a), but not incliding any thickness
for corrosion

tmn — A| = required thickness of the run according to
eq. (7) or eq. (8),in para. 104.1.2(a), but
not including ‘any allowance for corrosion
T,| = corroded-finished thickness of extruded
outletumédsured at a height equal to r,
aboye’the outside surface of the run

(5) The-required area is defined as

K = 06 + %Dob/Doh
For D,,/D,, equal to or less than 0.15,

K =0.70

The design shall meet criteria that the reinforcgment
area defined in (6) is not less than the required afea.

(6) ReinforcementArea. The reinforcementarea shall
be the sum of areas

A+ Ay + Ay

as defined below.

(-a)Area A, is the area lying within the reinforce-
ment zone resulting from any excess thickness availgble in
the run wall.

A= dc(Th - tmh)

(-b) Area A, is the area lying within the reinforce-
ment zone resulting from any excess thickness availgble in
the branch pipe wall.

Ay = 2Lg(Ty, — tyyp)

(-c) Area A, is the area lying within the reinforce-
ment zone resulting from excess thickness availablelin the
extruded outlet lip.

Ay = 2r0[:r0 (T, - A)]

(7) Reinforcement of Multiple Openings.| It is
preferred that multiple branch openings be spaded so
that their reinforcement zones do not overlap. If ¢loser
spacing is necessary, the following requirements| shall
be met. The two or more openings shall be reinfprced
in accordance with (g) with a combined reinforceament

A7 = Kty — A)dg
where K shall be taken as follows:
For D,,/D,n greater than 0.60,

K =1.00

For D,,/D,y greater than 0.15 and not exceeding 0.60,

that has a strength equal to the combined strength of
the reinforcement that would be required for separate
openings. No portion of the cross section shall be consid-
ered asapplying to more than one opening, or be evaluated
more than once in a combined area.

(8) In addition to the above, the manufacturer shall
be responsible for establishing and marking on the section
containing extruded outlets the design pressure and
temperature. The manufacturer’s name or trademarks
shall be marked on the section.


https://asmenormdoc.com/api2/?name=ASME B31.1 2024.pdf

ASME B31.1-2024

104.3.2 Attachments. External and internal attach-
ments to piping shall be designed so as not to cause flat-
tening of the pipe, excessive localized bending stresses, or
harmful thermal gradients in the pipe wall. It is important
that such attachments be designed to minimize stress
concentrations in applications where the number of
stress cycles, due to either pressure or thermal effect,
is relatively large for the expected life of the equipment.

104.5 Pressure Design of Flanges and Blanks
104.5.1 Flanges — General

(a) Flanges of sizes NPS 24 (DN 600) and smaller that
are manufactured in accordance with ASME B16.1 and
ASME B16.5 shall be considered suitable for use at the
primary service ratings (allowable pressure at service
temperature) except the slip-on flanges to ASME B16.5
shall be limited in application to no higher than Class

104.4_Closures 3-0-0—primarypressure—service—ratins—Refer to
104.4.1 General. Closures for power piping systems para. 127.4.4.
shallmeet the applicable requirements of this Code For flanges larger than NPS 24 (DN 603, khd manufac-

and ghall comply with the requirements described in
(a) of (b). Closures may be made

(a)| by use of closure fittings, such as threaded or
welded plugs, caps, or blind flanges, manufactured in
accordance with standards listed in Table 126.1-1, and
used|within the specified pressure-temperature
ratings, or

(b)| in accordance with the rules contained in ASME
BPV( Section I, PG-31 or Section VIII, Division 1, UG-
34 and UW-13, calculated from

ty=t+A

wherge
t g pressure design thickness, calculated for the given
closure shape and direction of loading using appro-
priate equations and procedures in ASME BPVC(;
Section I or Section VIII, Division 1
The symbol A and the symbols used in determining-t shall
have the definitions shown herein, instead of'those given
in thg ASME BPVC.
Attpchment of a welded flat permafient closure with
only & single fillet weld is not perniitted.

104
may

.4.2 Openings in Closures:-Openings in closures
e made by welding, extruding, or threading. Attach-
mentfto the closure shall bexin-accordance with the limita-
tions [provided for such ‘tonnections in para. 104.3.1 for
brandh connections.{If-the size of the opening is greater
than pne-half of the)inside diameter of the closure, the
opening shall/be designed as a reducer in accordance
with para. 104:6.

OtHer apenings in closures shall be reinforced in accor-
dancg¢ with the requirements of reinforcement for a

standards
about the
le, as well

tured in accordance with the specifications and
listed in Table 126.1-1, the designer is cautioned
dimensionally different designs that are availal
as the limitations of their application.
Flanges not made in accdrdance with the spefifications
and standards listed in Table 126.1-1 shall be designed in
accordance with ASME/BPVC, Section VIII, Division 1,
except that the requirements for fabrication, jassembly,
inspection, and testing, and the pressure and temperature
limits for materials of this Code for Pressure Pjping shall
govern. Cértain notations used in the ASME Code, namely
P, S,, Sipand Sp; shall have the meanings described below
instead-of those given in the ASME Code. All other nota-
tiofas shall be as defined in the ASME Code.
P = design pressure, psi (kPa) (see paras. 1
101.2.4)
maximum allowable bolt stress at
temperature, psi (kPa) (see Mandatory
A, Table A-10)
maximum allowable bolt stress 3
temperature, psi (kPa) (see Mandatory
A, Table A-10)
allowable stress for flange material or pipe, psi
(kPa) (see para. 102.3.1 and Allowable Stress
Tables; stress values converted from M[Pa to kPa)

D1.2.2 and

ambient
Appendix

Sa

Sp t design

Appendix

For certain specific applications, see the lim|tations of
paras. 122.1.1(f) through 122.1.1(h).
(b) These flange design rules are not applicgble to flat
face designs employing full face gaskets thpt extend
beyond the bolts.
(c) Application of bolting materials for flangg

covered in para. 108.5.

djoints is

branch connection. The total cross-sectional area required
for reinforcement in any plane passing through the center
of the opening and normal to the surface of the closure
shall not be less than the quantity of dst, where
ds = diameter of the finished opening, in. (mm)
t = as defined in para. 104.4.1(b)

37

164-5:2BtindFtanges

(a) Blind flanges manufactured in accordance with the
standards listed in Table 126.1-1 shall be considered
suitable for use at the pressure-temperature rating speci-
fied by such standards.

(b) The required thickness of blind flanges not manu-
factured in accordance with standards in Table 126.1-1
shall be calculated from eq. (13).

th=t+A (13)
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Figure 104.5.3-1
Types of Permanent Blanks
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where
t = prgssure design thickness as calculated-for'the
given style of blind flange from the appropriate
eqyations for bolted flat cover plates.in ASME
BPVC, Section I. Certain notations used in these
equations, namely P and - SE [see para.
104.1.2(a), footnote 3], shall ;be considered to
haye the meanings described in para. 104.1.2(a)
indtead of those given\in the ASME Code. All
other notations shall\be as defined in the ASME
Codle.

104.5.3| Blanks

(a) Th¢ required thickness of permanent blanks (see
Figure 10¢.5;3=1) shall be calculated from the equation

See para. 104.1.2(a), footnote 3.
de = inside diameter of gasket for raised or flat (plain)
face flanges, or the gasket pitch diameter for
retained gasketed flanges, in. (mm)

(b) Blanks to be used for test purposes only shall have a
minimum thickness not less than the pressure design
thickness t specified above, except that P shall He not
less than the test pressure and SE [see para.
104.1.2(a), footnote 3] may be taken as the spegified
minimum yield strength of the blank material |f the
test fluid is incompressible.

(c) Attachment of a welded flat permanent blank with
only a single fillet weld is not permitted.

104.6 Reducers

fm = T A
where
t = pressure design thickness as calculated from
eq. (14)
3P (14)

t=d6\/@

Flanged reducer fittings manufactured in accordance
with the standards listed in Table 126.1-1 shall be consid-
ered suitable for use at the specified pressure-tempera-
ture ratings. Where butt welding reducers are made to a
nominal pipe thickness, the reducers shall be considered
suitable for use with pipe of the same nominal thickness.
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104.7 Other Pressure-Containing Components

104.7.1 Listed Components. Pressure-containing
components manufactured in accordance with the stan-
dards listed in Table 126.1-1 shall be considered suitable
for use under normal operating conditions at or below the

104.8.1 Stress Due to Sustained Loads. The effects of (24)

pressure, weight, and other sustained mechanical loads

shall meet the requirements of Figure 104.8-1, eq.

(15). The nomenclature for the equation is as follows:
A, = cross-sectional material area of the pipe

o= . D, = nominal outside diameter of the pipe
specified pressure-temperature ratings. However, the F, = longitudinal force due to weight and other
user is cautioned that where certain standards or manu- sustained loads (excluding pressure)
facturers may impose more restrictive allowances for
variation from normal operation than those established NOTE: Compressive forces are negative values.
by this Code, the more restrictive allowances shall apply. I, = sustained longitudinal force index. In the

104.7.2 Specially Designed Components. The pres- ?;{Seennzz fg(r)nore applicabl¢ data, [, is
sure ¢lesign of components not covered by the standards I = sustained 1n lane momént index. In the
listed|in Table 126.1-1 or for which design formulas and ! p . i .
procedures are not given in this Code shall be based on abksence (;lf moTsg appfllcabye lata, I; S
calculations consistent with the design criteria of this Ezkgg ?:OLeA%ﬁgt%gi] (’)I:Zg;;all_(i)l.OO U
Code] These calculations shall be substantiated by one I = sustained SutZof- lane’moment inaex In
or mgre of the means stated in (a) through (d). ° he ab f P licable d ’ I

(a)| extensive, successful service experience under t € ak St oh more app lcfa ¢ 'ata, ?
comparable conditions with similarly proportioned 1150? 'e? ;S tf N ng;}EFB;l O,],7gllola111d
comppnents of the same or similar material [ = silsta(ilrtl)eg t(z)rrlsir:r?;l moment 1]nc :x ?n th)e.

(b)| experimental stress analysis, such as described in e . .

ASMH BPVC, Section VIII, Division 2, Annex 5-F abs‘;“ce of more fapphc,able data is taie“

(c)|proof test in accordance with ASME B16.9; MSS SP- aflrso;eAgSﬁ;t%rS(i] O'I:Zlilltealnﬂ)l-o" (i, taken
97; or ASME BPVC, Section I, A-22 ’ '

(d)| detailed stress analysis, such as finite element Mg Mo . )
meth¢d, in accordance with ASME BPVC, Section VIII, Divi- M.y = in-plane, out-of-pllan;, or lor519na(il
sion 2, Part 5, except that the basic material allowable f;lggegzerezlr);cilg:g;}(;; to pustaine
stres$ from the Allowable Stress Tables of Mandatory: P=intern alp d e.si n ’ ressulre (see
Appendix A or as calculated per para. 123.1.2(b) shall para. 101.2.2) gn p
beFused in place of 5, . o . Sp = basic material allowable stress|at design

ofany of (a) through (d), itis permissible toiinterpolate temperature [see paras. 101.3.2 and
betwgen sizes, wall thicknesses, and pressureclasses and 102 g 2(0)] p ’ o
to defermine analogies among related /naterials. S = o d ioht|and oth

Calrulations and documentation shewing compliance L= stress.es l;e to pressure, welghtyand other
with this paragraph shall be available for the owner’s 5 = lsusta.ungfi (l)ads befined i
apprqgval and, for boiler external piping, they shall be avail- ip = longltucinal pressure stress as fefined in
able for the Authorized Inspestor’s review. Po= Eiﬁinla?zvfélzl(s})li(glgness of pipe

=
104.8 Analysis of Piping Components Z = nominal section modulus of pige

To [validate a desigh under the rules in this paragraph, 104.8.2 Stress Due to Occasional Loads. Th¢ effects of (24)
the complete pipiig’system shall be analyzed for condi-  pressure, weight, other sustained loads, and ¢ccasional
tions|and criteria dealing with the effects of thermal loads shall meet the requirements of Figur¢ 104.8-1,
expapsiomincluding movements of equipment, eq. (16). Theloads described in para. 101.5 may pe consid-
anchprs,“guides, and restraints, weight and other  eredasoccasionalloadsifthe time limitations offthe term k
sustained loads_and applicable accasional loads such

as those described in para. 101. Each component in
the system shall meet the limits in this paragraph. For
pipe and fittings, the pressure term in Figure 104.8-1,
egs. (15) and (16) may be replaced with the alternative
term for S, as defined in para. 102.3.2(a)(3). The pressure
term in eqs. (15) and (16) may not apply for bellows and
expansion joints. When evaluating stresses in the vicinity
of expansion joints, consideration shall be given to actual
cross-sectional areas that exist at the expansion joint.
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Terms for eq. (16) are as defined in para. 104.8.1, except
F, = longitudinal force due to weight, other
sustained loads (excluding pressure),

and occasional loads [see para. 104.8.4(b)]

NOTE: Compressive forces are negative values.


https://asmenormdoc.com/api2/?name=ASME B31.1 2024.pdf

(24)

ASME B31.1-2024

Figure 104.8-1

Equations (15), (16), and (17)
F VUiMia)2+Uo,Mop)? 2 ItMea )\
(15) Sy = |[{fa|Sp+——|+—""—F +(—Z) < Sp
p
Fp VUiMig)?+(I,Mop)? ? IeMep )\ -
(16)| Sp = ||Ta| Sw + 22| + + () < ke,
Ap Z Z
. - T =12 . 2
_ | {|iaFe| o Y@Mic)?+(ioMoc) i Méc
(17)| Sg = + +(2£€) < s,
Ap Z Z
k = 1.15for occasionalloads acting for no more ip. I, 1, = in-plane, out-of-plane, and torsional ptress
than 8 hr at any one time and no more than intensification factors, respectivelly, for
800 hr/yr [see para. 102.3.3(a)] piping component as defined by ASME
1.2 for occasional loads acting for no more B31], Table 1-1
than 1 hr atany one time and no more than Mic, M,
80 hr/yr [see para. 102.3.3(a)] M, = in-plane, out-of-plane, or torsjonal
Mg Mg, moment, respectively, loading range on
M}z = in-plane, out-of-plane, or.torsional the cross section due to the referende dis-
moment, respectively, due_te sustained placement load range. For flexipility
loads plus occasionalloads [see analyses, the moments due t¢ the
para. 104.8.4(b)] ambient to normal operating tempetature
§, = stresses due to pressuré, weight, sustained range and eq. (1A) are typically usedl [see
loads, and occasional loads paras. 102.3.2(b), 104.8.4(a), and 119.7].
S4 = allowable cyclic displacement stress frange
104.8.3| Stress Due to Displacement Load Ranges. The [see para. 102.3.2(b)(1)]
effects of thermal expansion and other cyclic loads shall Sg = reference displacement stress range [see
meet the fequirements of Figure 104.8-1, eq. (17). para. 104.8.4(c)]
Terms fire as defined in para. 104.8.1, except
K. =raxial force range due to reference displace- 104.8.4 Application of Forces and Moments
ment load range (a) For Figure 104.8-1, egs. (15) through (17), for

NOTE: Compressive forces are negative values.

i, = axial force stress intensification factor. In

the absence of more applicable data, i, =1.0
for elbows, pipe bends, and miter bends
(single, closely spaced, and widely
spaced), and i, = i, (or i when listed) in
ASME B31] for other components

TITOTITETTt COTIVETH o totatcutate str €SSCS, the dc:igner
may refer to ASME B31], Figure 1-1 for moments in
branch connections and ASME B31], Figure 1-2 for
pipe bends or welding elbows.

(b) When combining forces and moments due to
weight, other sustained loads and forces, and occasional
loads, if the method of analysis for occasional loads, such
as earthquake or other dynamicloads, is such that only the
force and moment magnitudes without relative algebraic
signs are obtained, the most conservative combination of

40
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the signed and unsigned forces and moments shall be
used.

(c) Figure 104.8-1, eq. (17) shall be used to calculate S;
when computing the total number of equivalent reference
displacement stress range cycles, N [see para.
102.3.2(b)(1), eq. (2)]. When calculating S;, the force
and moments associated with the i displacement range
cycle should be used rather than the reference displace-
ment range cycle.

105.3 Nonmetallic Pipe

(a) Rules and service limitations for plastic and elas-
tomer-based piping materials, with or without fabric or
fibrous material added for pressure reinforcement, are
given in Mandatory Appendix N. These materials
include thermoplastics and reinforced thermosetting
resins.

(b) Metallic piping lined with nonmetals may be used
for fluids that would corrode or be contaminated by

PART 3
SELECTION AND LIMITATIONS OF PIPING
COMPONENTS
105 PIPE
105.1 General

Pipe conforming to the standards and specifications
listed in Mandatory Appendix A shall be used within
the rgnge of temperatures for which allowable stresses
are given within the limitations specified herein.

105.7
105

(a)| Furnace butt welded steel pipe shall not be used for
flammable, combustible, or toxic fluids.

(b)| Ductile iron pipe may be used for design pressures
withih the ratings established by the standards and speci-
ficatipns listed in Tables 126.1-1 and A-5 and Notes
therefo, and the limitations herein and in patra: 124.6.
Ductile iron pipe shall not be used for flamm@able, combus-
tible, [or toxic fluids. Temperature limits for the use of
ductile iron pipe are often determinedsby'the type of elas-
tometric gasket used in the pipe joints,/or the lining mate-
rial used on the internal surface-of the pipe. It is the
respgnsibility of the designer/to determine whether
these| components are suitable for use in the particular
appli¢ation being consideréd. See para. 106.1(e).

Metallic Pipe
.2.1 Ferrous Pipe

105

(a)| Copperzand brass pipe for water and steam service
may he used for‘design pressures up to 250 psi (1 750 kPa)
and fpr design temperatures to 406°F (208°C).

(b)| Copper and brass pipe for air may be used in accor-

.2.2 Nonferrous Pipe

unprotected metal. See para. 122.9 andyMandatory
Appendix N.
(c) Reinforced concrete pipe may be-used|in accor-
dance with the specifications listéd in Tablp 126.1-1
for water service up to 150°F (65°C).
(d) Aflexible nonmetallic pipe or tube assem
used in applications where
(1) satisfactory service‘experience exists
(2) the pressureland temperature condjtions are
within the manufacturer’s recommendations
(3) the conditions described in paras. 10
and 124.9 aréunet

bly may be

1.7, 124.7,

106 FITTINGS, BENDS, AND INTERSECTIONS
106.1- Fittings

(a) Threaded, flanged, grooved and shoulderg¢d, socket-
welding, butt-welding, compression, push-on, mechanical
gland, and solder-joint fittings made in accordance with
the applicable standards in Table 126.1-1 may pe used in
power piping systems within the material, size| pressure,
and temperature limitations of those stand@ards, and
within any further limitations specified in this Cpde. Mate-
rial for fittings in flammable, combustible, or foxic fluid
systems shall, in addition, conform to the requiements of
paras. 122.7 and 122.8.

(b) Fittings not covered by the standards
Table 126.1-1 may be used if they conform to pgra. 104.7.

(c) Cast butt-welding steel fittings not covered by the
dimensional standards listed in Table 126.1-1 mpy be used
up to the manufacturer’s pressure and temiperature
ratings, provided they are radiographed in agcordance
with MSS SP-54. Fittings with discontinuities|in excess
of those permitted by MSS SP-54 shall be rej¢cted. The
purchaser may allow the repair of a rejected fitting
provided it is reexamined and accepted in a¢cordance

listed in

dance with the allowable stresses given in the Allowable
Stress Tables.

(c) Copper tubing may be used for dead-end instru-
ment service with the limitations stated in para.
122.3.2(d).

(d) Copper, copper alloy, or aluminum alloy pipe or
tube may be used under the conditions stated in
para. 124.7. Copper, copper alloy, or aluminum pipe or
tube shall not be used for flammable, combustible, or
toxic fluids except as permitted in paras. 122.7 and 122.8.
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with the requirements of MSS SP-54.

(d) Fabricated ends for grooved and shouldered type
joints are acceptable, provided they are attached by full
penetration welds, double fillet welds, or threading. Fabri-
cated ends attached by single fillet welds are not accept-
able.

(e) Elastomeric gasket bell end fittings complying with
applicable standards listed in Table 126.1-1 may be used
for water service. Temperature limits for gray and ductile
iron fittings using ANSI/AWWA C111/A21.11 joints are
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150°F (65°C) for push-on joints and 120°F (49°C) for
mechanical joints, based on standard water service
gasket and lining materials. Fittings of this type using
alternative materials, as allowed by AWWA C111, may
be used for nonflammable, nontoxic service to 212°F
(100°C), where suitability for the fluid and operating
conditions has been established by test or experience.
Temperature limits for bell and spigot fittings in nonme-
tallic pipe shall be per para. 105.3.

(c) Aflexible metal hose assembly consisting of wound
interlocking metal strips may be applied to atmospheric
vent systems only and shall not be used in systems that
convey high-temperature, flammable, toxic, or searching-
type fluids. Where applicable, as determined by the
designer and within the limitations described in
para. 122.6 and those imposed by the manufacturer,
this type of hose assembly may be used at pressure-
relieving devices.

106.2 Bdnds and Intersections

Bends gnd extruded branch connections may be used
when degigned in accordance with the provisions of
paras. 104.2 and 104.3, respectively. Miters may be
used withjin the limitations of para. 104.2.3.

106.3 Pipe Couplings and Unions

(a) Casltiron and malleable iron pipe couplings shall be
limited in|application as referenced in paras. 124.4 and
124.5, regpectively.

(b) Striight thread couplings shall not be used.

(c) Clags 3000 steel pipe unions constructed in accor-
dance with MSS SP-83 may be used, provided the system
design conditions are within the standard’s listed pres-
sure-temperature ratings.

106.4 Flexible Metal Hose Assembly

(a) Flekible metal hose assemblies may be used to
provide flexibility in a piping system, to isolate or
control vibration, or to compensate for misalignment.
The design conditions shall be in accordanee‘with
para. 101|and within the limitations of the assembly as
recommended by the manufacturer. The basis for their
applicatiop shall include the following service conditions:
thermal cycling, bend radius, cycle lifeyahd the possibility
of corrosipn and erosion. Installatien shall be limited to a
single-plane bend, free from any-tetsion effects during
service conditions and noneperating periods. Type of
end-conng¢ctor components-shall be consistent with the
requiremé¢nts of this Code:

(b) A flexible metal\hose assembly, consisting of one
continuopis length of seamless or butt welded tube
with heli¢al orcanitular corrugations, is not limited as
to application”in piping systems that are within the
scope of this\Code, provided that the conditions described

107 VALVES
107.1 General

Cifica-
Speci-

(a) Valves complying with the standards and spe
tionslisted in Table 126.1-1 shall be ised within the
fied pressure-temperature ratings. Unless othefwise
required in the individual standards and specifications
listed in Table 126.1-1, suchrsteel valves shall be prgssure
tested in accordance with-MSS SP-61.

(b) Valvesnot complying with (a) shall be ofa design, or
equal to the design, that the manufacturer recommends
for the service a$ Stipulated in para. 102.2.2. Such yalves
shall be pressure tested in accordance with MSS §P-61.

(c) Somevalves are capable of sealing simultandously
against a pressure differential between an internal favity
of the~yalve and the adjacent pipe in both directions.
Where liquid is entrapped in such a valve and is qubse-
quently heated, a dangerous rise in pressure can gesult.
Where this condition is possible, the owner shall prjovide
means in design, installation, and/or operation to ensure
that the pressure in the valve shall not exceed the|rated
pressure for the attained temperature. A relief devic¢ used
solely for the overpressure protection from|such
entrapped fluid and conforming to (a) or (b) neegd not
comply with the requirements of para. 107.8. Any jpene-
tration of the pressure-retaining wall of the valve shall
meet the requirements of this Code.

(d) Only valves designed such that the valve slem is
retained from blowout by an assembly that functionginde-
pendently of the stem seal retainer shall be used.

(e) Materials used for pressure retention for val
flammable, combustible, or toxic fluid systems sh
addition conform to the requirements of paras.
and 122.8.

(f) When selecting diaphragm valves in accor¢lance
with MSS SP-88, the designer shall specify the propef cate-

ves in
all in
122.7

in (a) are met. For application subject to internal pressure,
the flexible element shall be contained within one or more
separate layers of braided metal permanently attached at
both coupling ends by welding or brazing. For application
in toxic fluid systems, it is recommended that the designer
also review the standards published by the relevant fluid
industry for any additional safety and materials require-
ments that may be necessary.
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gory pressure-temperature rating for the system design
conditions, and should consider the expected in-service
and shelf lives of the diaphragm material.

(g) Pressure-regulating valves may have pressure
ratings in accordance with ANSI/FCI Standard 79-1. Regu-
lators having two static pressure ratings, i.e., inlet vs.
outlet, shall be installed with adequate overpressure
protection devices to prevent excessive downstream pres-
sure resulting from any system failure. Refer to
paras. 122.5 and 122.14.
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107.2 Marking

Each valve shall bear the manufacturer’s name or trade-
mark and reference symbol to indicate the service condi-
tions for which the manufacturer guarantees the valve.
The marking shall be in accordance with ASME B16.5
and ASME B16.34. MSS SP-25 may also be used for
guidance.

(c) Nonreclosing pressure relief devices, such as
rupture disks, pin devices/valves, and spring-loaded
nonreclosing devices, shall be in accordance with
ASME BPVC, Section VIII, Division 1, UG-127.

(d) Valves and devices in (b) and (c) shall be
constructed, manufactured, rated, and marked in accor-
dance with the requirements of ASME BPVC, Section VIII,
Division 1, UG-128 through UG-132 and UG-136 through
UG-138.

107.3 Ends
a) Canacity capbification and tha ACME Cortifi i
fe)-Capaeitycertifiea tion-and the-ASME-Ce tification
Valves may be used with flanged, threaded, butt Mark and Designator are not required for\vdlves with

weld
with

ng, socket welding, or other ends in accordance
hpplicable standards as specified in para. 107.1(a).

107.4 Stem Threads

Where threaded stem valves are used, stem threads may
be intlernal or external with reference to the valve bonnet.
Outsifle screw and yoke design shall be used for valves NPS
3 (DN 80) and larger for pressures above 600 psi (4135
kPa).[This requirement is not applicable to quarter-turn
valves that comply with all other provisions of this Code.

Bonnet Joints

107.1

Bomnet joints may be flanged, welded, pressure seal,
union type, or other design, except that screwed
bonngt connections in which the seal depends on a
steam-tight threaded joint shall not be permitted as
sourde valves in steam service at pressures above 250
psi (1750 kPa).

107.6 Bypasses

Sizes of bypasses shall be in accordance with MSS SP-45
as a miinimum standard. Pipe for bypasses’shall be at least
Schedqule 80 seamless, and of a material of the same
nomihal chemical composition and.physical properties
as that used for the main line,.Bypasses may be integral
or atflached.

107.8

107
shall
for fl

Pressure-Relieving Valves and Devices

.8.1 General:-Ptessure-relieving valves and devices
ronform to_the’requirements specified in this Code
hnges, valves, and fittings for the pressures and

set pressures 15 psig [100 kPa (gage)] and’lower.

107.8.4 Nonmandatory Appendix. For nonmandatory
rules for the design of safety valve installafions, see
Nonmandatory Appendix II.

108 PIPE FLANGES, BLANKS, FLANGE FACINGS,
GASKETS, AND-BOLTING

108.1 Flanges

Flanges shall conform to the design requirpments of
para. 104)541 or to the standards listed|in Table
126.1-1:They may be integral or shall be aftached to
pipetby threading, welding, brazing, or othler means
within the applicable standards specified in Table 126.1-1.

108.2 Blanks

Blanks shall conform to the design requirgments of

para. 104.5.3.

108.3 Flange Facings

Flange facings shall be in accordance with the applicable
standards listed in Tables 112-1 and 126.1-1. When
bolting Class 150 standard steel flanges td flat face
cast iron flanges, the steel flange shall be furnished
with a flat face. Steel flanges of Class 300 raised|face stan-
dard may be bolted to Class 250 raised face dast iron.

108.4 Gaskets

Gaskets shall be made of materials that are
iously affected by the fluid or by temperature.
be in accordance with Table 112-1.

not injur-
['hey shall

temperatures,to which they may be subjected.
107.8.2 Pressure-Relieving Valves on Boiler External  108.5 U.S. Customary Bolting
Piping. Safety, safety relief, and power-actuated pressure- 108.5.1 General

relieving valves on boiler external piping shall be in accor-
dance with para. 122.1.7(d).

107.8.3 Pressure Relief Requirements on Nonboiler
External Piping

(a) Reheater safety valves on reheat piping shall
conform to para. 122.1.7(d).

(b) Safety, safety relief, relief, and pilot-operated pres-
sure relief valves shall be in accordance with ASME BPVC,
Section VIII, Division 1, UG-126.
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(a) Bolts, bolt studs, nuts, and washers shall comply
with applicable standards and specifications listed in
Tables 112-1 and 126.1-1. Bolts and bolt studs shall
extend completely through the nuts.

(b) Washers, when used under nuts, shall be of forged
or rolled material with steel washers being used under
steel nuts and bronze washers under bronze nuts.
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(c) Nuts shall be provided in accordance with the re-
quirements of the specification for the bolts and bolt studs.
(d) Alloy steel bolt studs shall be either threaded full
length or provided with reduced shanks of a diameter not
less than that at the root of the threads. They shall have
ASME heavy hexagonal nuts. Headed alloy bolts shall not
be used with other than steel or stainless steel flanges.
(e) All alloy steel bolt studs and carbon steel bolts or
bolt studs and accompanying nuts shall be threaded in

(b) The designer shall ensure that the selected metric
size will fit within the flange bolt holes, and that adequate
space exists for bolt heads, nuts, and the assembly tool.

(c) In those instances where the selected metric bolt
size is smaller in root thread area than the corresponding
U.S. Customary size, the designer shall ensure that the
selected size is capable of the required assembly
torque and of producing the required gasket loading to
adequately seal at design pressure. Further, the designer

ce—with-ASME-B1-1 Class 2Aferexternal
nd Class 2B for internal threads. Threads
shall be the coarse-thread series except that alloy steel
bolting 1}/; in. and larger in diameter shall be the 8-
pitch-thread series.

(f) Carlbpon steel headed bolts shall have square, hex, or
heavy hex heads (ASME B18.2.1) and shall be used with
hex or hdavy hex nuts (ASME B18.2.2). For bolt sizes
smaller than %, in., square or heavy hex heads and
heavy hey nuts are recommended. For bolt sizes larger
than 11/2 n., bolt studs with a hex or heavy hex nut on
each end|are recommended. For cast iron or bronze
flanges ulsing %, in. and larger carbon steel headed
bolts, squpre nuts may be used.

108.5.2( For the various combinations of flange mate-
rials, the $election of bolting materials and related rules
concerning flange faces and gaskets shall be in accordance
with paral 108 and Table 112-1.

108.5.3 Bolting requirements for components not
covered by para. 108.5.2 shall be in accordance with
para. 102{2.2.

accorda
threads 4

108.6 M
108.6.1

ptric Bolting

General. The use of metric bolts, bolt studs,
nuts, and [washers shall conform to the general require-
ments of para. 108.5, but the following are allowed:

(a) Thijeads shall be in accordance with ASME B1.13M,
M profile, with tolerance Class 6gforexternal threads and
Class 6H for internal threadss

(b) Thijeads shall be thetcoarse-thread series for size
M68 and gmaller, and 6-mt fine-pitch for M70 and larger
sizes, except thatalloy'steel bolting M30 and larger shall be
the 3 mm fine-pitch,

(c) Nuts shall.be heavy hex in accordance with ASME
B18.2.4.6M. Headed bolts shall be either hex or heavy hex
in accordance with ASME B18.2.3.5M and ASME

shall-ensure-sufficient-contactarea—existsbetwean the
flange metal and both the nut and bolt head to withistand
the required bolt loading. If not, larger bolting era ligher
flange class shall be selected.

PART 4
SELECTION AND LIMITATIONS OF PIPING JQINTS

110 PIPING JOINTS

The type of piping jeint used shall be suitable f¢r the
design conditions and shall be selected with consideration
of joint tightness, mechanical strength, and the natpire of
the fluid handled. The effects of using materialg with
different coefficients of thermal expansion shall be consid-
ered.

111 WELDED JOINTS
111.1 General

Welded joints may be used in any materials allowed by
this Code for which it is possible to qualify WPSs, wellders,
and welding operators in conformance with the|rules
established in Chapter V.

All welds shall be made in accordance with the
cable requirements of Chapter V.

appli-

111.2 Butt Welds

111.2.1 Design of Butt Welds. The design of butt welds
shallinclude the evaluation of any expected joint misplign-
ment [para. 127.3(c)] that may result from specification of
joint geometries at variance with the recommendatipns of
this Code.

111.2.2 Backing Rings for Butt Welds. If backing rings
are used in services where their presence will reqult in

nnnnnnnnnnnnnnnnnnnnnnnn thao hacliing g ch "ll be
e g E-S51a

B18.2.3.6M, respectively. Heavy hex heads are recom-
mended for headed bolt sizes M18 and smaller.

(d) Boltstuds are recommended in lieu of headed bolts
for sizes M39 and larger.

108.6.2 Responsibilities When Specifying or Allowing
Metric Bolting

(a) The piping designer is responsible for specifying
the metric bolt size to be used with each class and size
of flange.

44

T—CTroOSTO Tt

removed and the internal surface ground smooth. In
such services, where it is impractical to remove the
backing ring, consideration shall be given to welding
the joint without a backing ring, or with a consumable
type insert ring.
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111.3 Socket Welds

111.3.1 Restrictions on size of socket welded compo-
nents are given in paras. 104.3.1(b)(4), 122.1.1(h), and
122.8.2(c). Special consideration should be given to
further restricting the use of socket welded piping
joints where temperature or pressure cycling or severe
vibration is expected to occur or where the service
may accelerate crevice corrosion.

114.1 Threads on Piping Components

All threads on piping components shall be taper pipe
threads in accordance with the applicable standards listed
in Table 126.1-1. Threads other than taper pipe threads
may be used for piping components where tightness of the
jointdepends on aseal weld or a seating surface other than
the threads, and where experience or test has demon-
strated that such threads are suitable.

11132

Bimenstonsfor-socketsof socket-wetding—1775 Threaded Joints, Access Holes With Plugs
complonents shall conform to ASME B16.5 for flanges
and ASME B16.11 for fittings. Assembly of socket 114.2.1 Threaded Joints
weldled joints shall be made in accordance with (a) Threaded joints are prohibited where any of the
para.|127.3(e). following conditions is expected to occur:
11)3.3 A branch connection socket welded directly (1) temperatures above 925°F (496°C), [except as
into the wall of the run pipe shall be in accordance permitted by paras. 114.2.2 ahd 114.2.3
with requirements of para. 104.3.1(b)(4). (2) severe erosion
(3) crevice corrosion
111.3.4 Drains and bypasses may be attached to a (4) shock
fitting or valve by socket welding, provided the socket (5) vibration
depth, bore diameter, and shoulder thickness conform (b) The magimum size limitations in Table|114.2.1-1
to th¢ requirements of ASME B16.11. apply to thfeaded joints in the following services:
(1), steam and water at temperatures abpve 220°F

111.4 Fillet Welds

Fillet welds shall have dimensions not less than the
minijmum dimensions shown in Figures 127.4.4-2,
127.44-3, and 127.4.8-4.

111.5 Seal Welds

Sedl welding of connections, including threaded joints,
may bpe used to avoid joint leakage, but the welding shall
notb¢ considered as contributing any strength.to the joint.
Also $ee para. 127.4.5. Seal welded threadéd joints are
subjeft to the limitations of para. 114.

112 FLANGED JOINTS

Flahged joints shall confofny to paras. 108 and 110 and
Tablef 112-1.

113 EXPANDED OR ROLLED JOINTS

Expanded or,rolled joints may be used where experi-
ence ¢r testhas‘demonstrated that the joint is suitable for
the d¢sigh-conditions and where adequate provisions are
made| to/prevent separation of the joint.

(105°QY
(2) flammable gases, toxic gases or liquids, and

nonflammable nontoxic gases [also subject to the excep-

ttons identified in paras. 122.8(b) and 122.8.2(c)(2)]

114.2.2 Threaded Access Holes With Plugs.|Threaded
access holes with plugs, which serve as openingg for radio-
graphic inspection of welds, are not subject to the limita-
tions of para. 114.2.1 and Table 114.2.1-1, proyided their
design and installation meet the requiremer]t of para.
114.1. A representative type of access hole apd plug is
shown in PFI ES-16.

114.2.3 Threaded Connections for Insertion Devices.
Threaded connections for insertion type inftrument,
control, and sampling devices are not subject to the
temperature limitation stated in para. 114.2{1 nor the
pressure limitations stated in Table 114.2.1-1f provided
that design and installation meet the requirgments of
paras. 104.3.1 and 114.1. At temperatures greater than
925°F (495°C) or at pressures greater than|1,500 psi
(10350 kPa), these threaded connections shall be seal
welded in accordance with para. 127.4.5. The design
and installation of insertion type instrument, control,

114 THREADED JOINTS

Threaded joints may be used within the limitations
specified in para. 106 and within the other limitations
specified herein.
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and sampling devices shall be adequate to withstand
the effects of the fluid characteristics, fluid flow, and vibra-
tion.
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Table 114.2.1-1
Threaded Joints Limitations

ASME B31.1-2024

115.1 Compatibility

Maximum Size

Maximum Pressure

tubing or pipe with which they are to be

Fittings and their joints shall be compatible with the

used and

NPS DN psi MPa shall conform to the range of wall thicknesses and
3 80 400 3 method of assembly recommended by the manufacturer.
2% 65 500 3.5 .

2 50 600 4 115.2 Pressure-Temperature Ratings
Fittings shall be used at pressure-temperature ratings
17 40 900 6 not-exceeding-therecommendations-ofthemanufacturer.
1V4 32 1,000 Unions shall comply with the applicable standards listed
25 1,200 within Table 126.1-1 and shall be used withinthe specified
¥, <20 1,500 10 pressure-temperature ratings. Service conditiops, such as
] T vibration and thermal cycling, shall be considgred in the

GENERAL NOTE: For instrument, control, and sampling lines, refer to

para. 1§

114.3

Pip
weigh
regar
tiona

22.3.6(e).

Threaded Pipe Wall

e with a wall thickness less than that of standard
t of ASME B36.10M steel pipe shall not be threaded,
dless of service. See para. 104.1.2(c)(1) for addi-
threading limitations for pipe used in

application.

115.3 Threads

See para. 114.1 for requirements of threads
components.

115.4 Fitting and Gripping

Flareless)fittings shall be of a design in whicl
ping member or sleeve shall grip or bite into

on piping

1 the grip-
the outer

(a)| steam service over 250 psi (1750 kPa) surface)of the tube with sufficient strength t¢ hold the
(b)| water service over 100 psi (700 kPa) and 220°F tube,against pressure, but without appreciably|distorting
(10590) the inside tube diameter. The gripping member shall also
form a pressure seal against the fitting body.
115 FLARED, FLARELESS, AND COMPRESSION When using bite-type fittings, a spot check shall be made
JOINTS, AND UNIONS foradequate depth of bite and condition of tubing by disas-
_ L sembling and reassembling selected joints.

Flafed, flareless, anq compression type tubing fittings Grip-type fittings that are tightened in accordance with
and cpst copper alloy fittings for flared coppertubes may  the manufacturer’s instructions need not be disgssembled
be usgd for tube sizes not exceeding 2 in. (50 mm), and for checking.
uniorls may be used for pipe sizes not exéeeding NPS 3 (DN
80) within the limitations of applicable standards and 116 BELL END JOINTS
specifications listed in Table 126.11. Pipe unions shall
comply with the limitations of para. 114.2.1. 116.1 Elastomeric-Gasket Joints

In the absence of standards, specifications, or allowable Elastomeric-gasket bell end ioints mav bd used for
stresg values for the material used to manufacture the water and othe% nonflammable ]nontoxic zer ce where
fitting, the designer shall determine that the type and experience or tests have demo;lstrated that }clle joint is
the njaterial of the-fitting selected is adequate and safe P . s . € )
for the design conditions in accordance with the followin safe for the operating conditions and the fluid bging trans-
requi ;emerigts- & ported. Provisions shall be made to prevent disengage-

{ t of the joints at bend d dead ends, and t

(a)| The.pressure design shall meet the requirements of ment o e joints at bendes and cead enqs, and to
para.|1047 supportlateral reactions produced by branch cqnnections

(b) A suitable qnanﬁfy ofthe fypn’ ci'7n’ and material of or Other causes.

the fittings to be used shall meet successful performance
tests to determine the safety of the joint under simulated
service conditions. When vibration, fatigue, cyclic condi-
tions, low temperature, thermal expansion, or hydraulic
shock are expected, the applicable conditions shall be
incorporated in the test.

49

116.2 Caulked Joints

Caulked joints, if used, shall be restricted to cold water
service, shall not use lead as the caulking material in
potable water service, and shall be qualified as specially
designed components in accordance with para. 104.7.2.
Provisions shall be made to prevent disengagement of
the joints at bends and dead ends, and to support
lateral reactions produced by branch connections or
other causes.


https://asmenormdoc.com/api2/?name=ASME B31.1 2024.pdf

ASME B31.1-2024

117 BRAZED AND SOLDERED JOINTS
117.1 Brazed Joints

Brazed socket-type joints shall be made with suitable
brazing alloys. The minimum socket depth shall be suffi-
cient for the intended service. Brazing alloy shall either be
end-fed into the socket or be provided in the form of a
preinserted ring in a groove in the socket. The brazing
alloy shall be sufficient to fill completely the annular clear-

loads shall be designed in accordance with the flexibility
and displacement stress requirements specified herein.

119.2 Displacement Stress Range

Piping system stress ranges caused by thermal expan-
sion and piping displacements, referred to as displace-
ment stress ranges, when of sufficient initial
magnitude during system startup or extreme displace-
ments, relax in the maximum stress condition as the

ance betweeT tire SOCKet and the pipe or tube. T1e Hmita-
tions of ppras. 117.3(a) and 117.3(d) shall apply.

117.2 Soldered Joints

Soft soldered socket-type joints made in accordance
with appllicable standards listed in Table 126.1-1 may
be used Within their specified pressure-temperature
ratings.| The limitations in paras. 117.3 and
122.3.2(e)(2)(-c) for instrument piping shall apply. The
allowances of para. 102.2.4 do not apply.

117.3 Limitations

(a) Brdzed socket-type joints shall not be used on
systems dontaining flammable or toxic fluids in areas
where fir¢ hazards are involved.

(b) Soldered socket-type joints shall be limited to
systems cpntaining nonflammable and nontoxic fluids.

(c) Solflered socket-type joints shall not be used in
piping subject to shock or vibration.

(d) Brgzed or soldered joints depending solely on a
fillet, rathpr than primarily on brazing or soldering mate-
rial betwgen the pipe and sockets, are not acceptable.

118 SLEEVE COUPLED AND OTHER PROPRIETARY
JOINTS

Coupling type, mechanical gland_type, and other
proprietary joints may be used whére experience or
tests have|demonstrated that thejoint is safe for the oper-
ating conditions, and where adequate provision is made to
prevent separation of thejjoint.

PART 5
EXPANSION, FLEXIBILITY, AND
RIPE-SUPPORTING ELEMENTS

result of Tocal yielding or creep. A stress reduction
takes place and usually appears as a stress ofyreviersed
sign when the piping system returns to the gold)conflition
for thermal loads or the neutral position for extreme dis-
placement loads. This phenomenon isdesignated a} self-
springing (or shakedown) of the piping and is simflar in
effect to cold springing. The extent of self-spripging
depends on the material, the magnitude of the displace-
ment stress ranges, the fabrication stresses, thle hot
service temperature, and\the elapsed time. While the dis-
placement stresses in the hot or displaced condition tend
to diminish with time and yielding, the sum of the displace-
ment strains for¢he maximum and minimum stress ¢ondi-
tions during.any one cycle remains substantially confstant.
This sum is\referred to as the strain range. Howeyer, to
simplify the evaluation process, the strain rarge is
conyerted to a stress range to permit the more usuallasso-
ciation with an allowable stress range. The allowable
stress range shall be as determined in accordancg with
para. 102.3.2(b).

119.3 Local Overstrain

Most of the commonly used methods of piping flexjbility
and cyclic stress analysis assume elastic or partly ¢lastic
behavior of the entire piping system. This assumption is
sufficiently accurate for systems where plastic strdining
occurs at many points or over relatively wide regiot}s, but
fails to reflect the actual strain distribution in unbalanced
systems where only a small portion of the piping under-
goes plastic strain, or where, in piping operating |n the
creep range, the strain distribution is very uneven. In
these cases, the weaker or higher stressed porqtions
will be subjected to strain concentrations due to glastic
follow-up of the stiffer or lower stressed portions. Unba-
lance can be produced

(a) by use of small pipe runs in series with larger or

119 EXPANSION AND FLEXIBILITY
119.1 General

In addition to the design requirements for pressure,
weight, and other sustained or occasional loadings (see
paras. 104.1 through 104.7, 104.8.1, and 104.8.2),
power piping systems subject to thermal expansion,
contraction, or other displacement-stress-producing

stiffer pipe;with thesmattHimes retatively highty stressed

(b) by local reduction in size or cross section, or local
use of a weaker material

(c) in a system of uniform size, by use of a line config-
uration for which the neutral axis or thrust line is situated
close to the major portion of the line itself, with only a very
small offset portion of the line absorbing most of the
expansion strain

Conditions of this type should preferably be avoided,
particularly where materials of relatively low ductility
are used.
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119.5 Flexibility range, Sg, shall be based on the modulus of elasticity, E,, at

L . . room temperature, unless otherwise justified.
Power piping systems shall be designed to have suffi-

cient flexibility to prevent piping displacements from 119.7 Flexibility Analysis
causing failure from overstress of the piping components,

overloading of anchors and other supports, leakage at 119.7.1 Method of Analysis. All piping shall meet the
joints, or detrimental distortion of connected equipment. ~ following requirements with respect to flexibility:
Flexibility shall be provided by changes in direction in the (a) 1t shall be the designer’s responsibility to perform
piping through the use of fittings, bends, loops, and offsets. an analysis unless the system meets one of the following
When piping bends, loops, and offsets are not able to criteria:

provide adequate flexibility, provisions may be made (1) The piping system duplicates a successfully oper-
to absorb piping displacements by using expansion, ating installation or replaces a system witlra’sgtisfactory
swivdl, or ball joints, or flexible metal hose assemblies. service record.

(2) The piping system can be adjudged adequate by

119.5.1 Expansion, Swivel, or Ball Joints,and Flexible ;141500 with previously analyzed systems
Metal Hose Assemblies. Except as stated in para. 101.7.2, (3) The piping system is of ifiiform size, ha not more
these[components may be used where experience or tests than two anchors and no inférmediate restraints, is
have [demonstrated that they are suitable for expected designed for essentiallysffohcyclic service (less than
conditions of pressure, temperature, service, and cyclic 7,000 total cycles), and-satisfies the following approxi-

life. mate criterion:
Regtraints and supports shall be provided, as required, .
(U.S. Customary Units)

to linjit movements to those directions and magnitudes

permjtted for the specific joint or hose assembly selected. DY < SA
- . (L-u)? "~ E

119.6 Piping Properties (SI Units)

The coefficient of thermal expansion and moduli of elas-
ticityshall be determined from Mandatory Appendices B DY < 208 OOOS—A
and C| which cover more commonly used piping materials. (L - U)2 - .
For materials not included in those Appendices, reference
shall pe to authoritative source data, such as publications where
of thg National Institute of Standards and Technology. D = nominal pipe size (NPS), in. (mm)

119.6.1 Coefficient of Thermal Expansion. The coeffi- Ec = modulus of elasticity at room temperature, psi

(kPa)
L = developed length of pipe (total length of pipe
taken along the piping longitudinal axps), ft (m)
S4 = allowable displacement stress range determined
in accordance with para. 102.3.2(b)(1], eq. (14),
psi (kPa)
U = anchor distance (length of straight lin¢ between
the anchors), ft (m)
to be evaluated.is not 70°F (20°C), adjustment of Y = resultantdisplacementbetween the anghors to be
absorbed by the piping system, in. (mm)

cient|of thermal expansion shall be determined from
valuep given in Mandatory Appendix B. The coefficient
used [shall be based on the highest«average operating
metall temperature and the lowest ambient metal
tempeprature, unless other temperatures are justified.

WARNING: No general proof can be offered that|this equa-
tion will yield accurate or consistently conservative results.
It was developed for ferrous materials and is not ppplicable

O-SY'S s-tsedunderseve yelieeonditions—H should be
temperatures established in para. 119.6.1. used with caution in configurations such as unequal leg U-

119.6.3 Poisson’s Ratio. Poisson’s ratio, when bfends, or near stralght saw-tooth” runs, or fo'r large
: . . diameter thin-wall pipe, or where extraneous displace-
required for flexibility calculations, shall be taken as ments (not in the direction connecting anchor points)

0.3 at all temperatures for all materials. constitute a large part of the total displacement, or
119.6.4 Stresses. Calculations for the stresses shall be where piping operates iI} the creep range. Thereis noassur-

based on the least cross section area of the component ance that anchor reactions will be acceptably low, even
: . . : . ) when a piping system meets the above requirements.

using nominal dimensions at the location under consid-

eration. Calculation for the reference displacement stress
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(b) Allsystems notmeeting the above criteria, or where
reasonable doubt exists as to adequate flexibility between
the anchors, shall be analyzed by simplified, approximate,
or comprehensive methods of analysis that are appro-
priate for the specific case. The results of such analysis
shall be evaluated using Figure 104.8-1, eq. (17).

(c) Approximate or simplified methods may be applied
only if they are used for the range of configurations for
which their adequate accuracy has been demonstrated.

119.8 Movements

Movements caused by thermal expansion and loadings
shall be determined for consideration of obstructions and
design of proper supports.

119.9 Cold Spring

The beneficial effect of judicious cold springing in
assisting a system to attain its most favorable position

(d) Acceptable—eomprehensivemetheds
include gnalytical methods, model tests, and chart
methods|that provide an evaluation of the forces,
moments| and stresses caused by bending and torsion
from the |[simultaneous consideration of terminal and
intermedjiate restraints to thermal expansion of the
entire pipfing system under consideration, and including
all externgl movements transmitted to the piping by its
terminal [and intermediate attachments. Correction
factors shall be applied for the stress intensification of
curved pipe and branch connections, as provided by
the details of these rules, and may be applied for the
increased|flexibility of such component parts.

119.7.3 Basic Assumptions and Requirements. In
calculating the flexibility or displacement stress ranges
of a piping system between anchor points, the system
between gnchor points shall be treated as a whole. The
significange of all parts of the line and of all restraints,
such as qupports or guides, including intermediate
restraints| introduced for reducing moments and forces
on equipment or small branch lines, shall be considered.

Flexibiljty calculations shall take into account stress-
intensifying conditions found in components and.joints.
Credit may be taken when extra flexibility ‘exists in
such components. In the absence of more directly appli-
cable data, the flexibility factors and stress\intensification
factors shown in ASME B31J* may b¢ used.

Dimensjional properties of pipe and. fittings used in flex-
ibility caldulations shall be based on nominal dimensions.

The total reference displacément range resulting from
using the foefficient of thefimal expansion determined in
accordande with para. 4#19.6.1 shall be used, whether or
not the piping is cold sprung. Not only the expansion of the
line itself[but alsg linear and angular movements of the
equipmenit to which it is attached, shall be considered.

Where gimplifying assumptions are used in calculations
or model tlests_the likelihood of attendant underestimates

ofanalucic
—aRatTySIS

seoner-is—recognized—Inasmuch-as-the-life-ofa-system
under cyclic conditions depends on the stress
rather than the stress level at any one time; no ¢redit
for cold spring is allowed with regard to stresses. In falcu-
lating end thrusts and moments acting on equipment, the
actual reactions at any one time, rather‘than their range,
are significant. Credit for cold springing is accordingly
allowed in the calculation ofthrusts and momnjents,
provided an effective method-of obtaining the degigned
cold spring is specified and-used.

range

119.10 Reactions

119.10.1 Computing Hot and Cold Reactions| In a
piping system'with no cold spring or an equal percentage
of cold springing in all directions, the reactions (forc¢s and
moments)vof R, and R, in the hot and cold conditions,
respectively, shall be obtained from the reactipn, R,
derived from the flexibility calculations based on the

of forces, moments, and stresses, including the effects of
stress intensification, shall be evaluated.

* The stress intensification factors in ASME B31] have been developed
from fatigue tests of representative commercially available, matching
product forms and assemblies manufactured from ductile ferrous mate-
rials. The allowable stress range is based on tests of carbon and stainless
steels. Caution should be exercised when applying eqgs. (1A) through (1C)
and (13) for the allowable stress range for certain nonferrous materials
(e.g., copper and aluminum alloys) for other than low-cycle applications.
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modulus of elasticity at room temperature, E,, using
eqgs. (18) and (19).
E
R, = (1 - 3c) “hr (18)
3 /| E,
R, = —CR, or
(19
_[1 _ @.&]R
(Sg) Ep
whichever is greater, and with the further conditiop that
($n) Ec
(Sp)  Ep
where
C = cold spring factor varying from zero for no
cold spring to 1.00 for 100% cold spring
E. = modulus of elasticity in the cold conditign, psi
(MPa)
En = modulus of elasticity in the hot condition, psi
(MPa)
R = maximum reaction for full expansion range

based on E., which assumes the most
severe condition (100% cold spring,
whether such is used or not), Ib and in.-1b
(N and mm-N)
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R., R, = maximum reactions estimated to occur in the
cold and hot conditions, respectively, b and
in.-lb (N and mm-N)
Sg = computed thermal expansion stress range, psi
(MPa)
S» = basic material allowable stress at maximum

(hot) temperature, without the 20 ksi limita-
tion as noted in para. 102.3.2(b)

120.2 Supports, Anchors, and Guides
120.2.1 Rigid-Type Supports

(a) The required strength of all supporting elements
shall be based on the loadings as given in para. 120.1,
including the weight of the fluid transported or the
fluid used for testing, whichever is heavier. The allowable
stress in supporting equipment shall be as specified in
para. 121.2.

[h) Evecantionc ooy ha paada s tha caca of o
=

If a pipinesysterrisdesisred-with-differentpercentages
of colf spring in various directions, egs. (18) and (19) are
not applicable. In this case, the piping system shall be
analyzed by a comprehensive method. The calculated
hot reactions shall be based on theoretical cold springs
in all|directions not greater than two-thirds of the cold
springs as specified or measured.

119
shall
can s
(forcg
estab

.10.2 Reaction Limits. The reactions computed
not exceed limits that the attached equipment
ustain. Equipment allowable reaction limits
s and moments) on piping connections are normally
ished by the equipment manufacturer.

| OADS ON PIPE-SUPPORTING ELEMENTS

General

120
120.}
(a)

The broad terms “supporting elements” or
“supports” as used herein shall encompass the entire
rangg of the various methods of carrying the weight of:
pipelines, insulation, and the fluid carried. It, therefore,
inclufes “hangers” that are generally considered as
those| elements that carry the weight from aboye, with
the stipporting members being mainly in tension. Like-
wise,|it includes “supports” that on occasion are deli-
neated as those that carry the weight. from below, with
the sypporting members being mainly in compression.
In mapny cases a supporting elementinay be a combination
of both of these.

(b)| In addition to the weight effects of piping compo-
nents| consideration shdll*be given in the design of pipe
supports to other loadieffects introduced by service pres-
sure,|wind, earthquake, etc., as defined in para. 101.
Hangprs and supporting elements shall be fabricated
and gssembled to permit the free movement of piping
caus¢d by thermal expansion and contraction. The
desigh of-elements for supporting or restraining piping

tb—Execeptionsim ay-pe-aae--the-case-of pporting
elements for large size gas or air piping, exhapst steam,

and relief or safety valve relief piping, butonly|under the
conditions where the possibility of the'line becpming full
of water or other liquid is very remote.

120.2.2 Variable and Constant Supports. Lpad calcu-
lations for variable and constant’supports, suchfas springs
or counterweights, should\b€ based on the depign oper-
ating conditions of the_piping. They shall not ifclude the
weight of the hydrostatic test fluid. However, the support
shall be capable ofcarrying the total load under test condi-
tions, unless additional supportis provided duripg the test
period.

120.2.3 Anchors or Guides. Where anchors
are provided to restrain, direct, or absorb pip
ments, their design shall take into account the
moments at these elements caused by interna
and thermal expansion.

or guides
ng move-
forces and
pressure

120.2.4 Supplementary Steel. Where it is ndcessary to
frame structural members between exisfling steel
members, such supplementary steel shall be| designed
in accordance with American Institute of Steel|Construc-
tion specifications, or similar recognized structyral design
standards. Increases of allowable stress values allowed in
para. 121.2(j) are permitted.

121 DESIGN OF PIPE-SUPPORTING ELEMENTS
121.1 General

Design of standard pipe-supporting elements|shall be in
accordance with the rules of MSS SP-58. Allowgble stress
values and other design criteria shall be in agcordance
with this paragraph. Supporting elementq shall be
capable of carrying the sum of all concurrently acting
loads as listed in para. 120. They shall be d¢signed to

Systelms, 0T COMPOTNENTS tereot, sitall be based o ait
the concurrently acting loads transmitted into the
supporting elements.

(c) Where the resonance with imposed vibration and/
or shock occurs during operation, suitable dampeners,
restraints, anchors, etc., shall be added to remove
these effects.
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provide threrequiredsupportingeffortamd-attow pipeline
movement with thermal changes without causing over-
stress. The design shall also prevent complete release
of the piping load in the event of spring failure or misa-
lignment. All parts of the supporting equipment shall be
fabricated and assembled so that they will not be disen-
gaged by movement of the supported piping. The
maximum safe loads for bolts, threaded hanger rods,
and all other threaded members shall be based on the
root area of the threads. MSS SP-58 may be used for

(24)
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guidance with respect to selection and application of pipe
hangers and supports.

121.2 Allowable Stress Values

(a) Allowable stress values tabulated in MSS SP-58 orin
Mandatory Appendix A of this Code Section may be used
for the base materials of all parts of pipe-supporting
elements.

(b) Where allowable stress values for a material spec-

(2) an increase to 80% of the minimum yield
strength at room temperature during hydrostatic
testing. Where the material allowable stress has been
established in accordance with the rules of (c), the allow-
able stress value during hydrostatic testing shall not
exceed 16,000 psi (110.3 MPa).

121.3 Temperature Limitations

Parts of supporting elements that are subjected princi-

ification listed in Table 126.1-1 are not tabulated in
Mandatoty Appendix A or in MSS SP-58, allowable
stress vdlues from ASME BPVC, Section II, Part D,
Tables 1Afand 1B may be used, provided the requirements
of para. 1j02.3.1(b) are met. Where there are no stress
values giyen in ASME BPVC(, Section II, Part D, Tables
1A and 1B, an allowable stress value of 25% of the
minimum|tensile strength given in the material specifica-
tion may be used, for temperatures not exceeding 650°F
(345°C).

(c) Forfasteel material of unknown specification, or ofa
specification not listed in Table 126.1-1 or MSS SP-58, an
allowable| stress value of 30% of yield strength (0.2%
offset) at foom temperature may be used at temperatures
not exceegling 650°F (345°C). The yield strength shall be
determing¢d through a tensile test of a specimen of the
material and shall be the value corresponding to 0.2%
permanerlt strain (offset) of the specimen. The allowable
stress valjies for such materials shall not exceed 9,500 psi
(65.5 MP3).

(d) Th¢g allowable shear stress shall not exceed 80%:of
the valueqd determined in accordance with the rules of-(a)
through (f).

(e) The allowable compressive stress shall net/exceed
the value 4s determined in accordance with the rules of (a),
(b), or (c). In addition, consideration shall'be given to
structural| stability.

(f) Thelallowable bearing stressshall not exceed 160%
of the valye as determined in accordance with the rules of
(a), (b), or (c).

(g) Thg allowable stressiin'tension determined from
(a), (b), pr (c) shall belreduced 25% for threaded
hanger rods.

(h) Thg allowable stress in partial penetration or fillet
welds in qupport.assemblies shall be reduced 25% from
those detdrmiried in accordance with (a), (b), (c), or (d) for
the weakdr_of the two metals joined

pally to bending or tension [oads and that are subjecked to
working temperatures for which carbon steel ds ndt rec-
ommended shall be made of suitable alloy steel, or shall be
protected so that the temperature of the“suppqrting
member will be maintained within\the appropriate
temperature limits of the material.

121.4 Hanger Adjustments

Hangers used for the support of piping, NPS 2% (DN 65)
and larger, shall be designed to permit adjustmen{ after
erection while supporting the load. Screwed adjustinents
shall have threadéed parts conform to ASME B1.1.

Table 121.5-1
Suggested Steel Pipe-Support Spacing

Suggested Maximum Span

Nominal Diameter Water Steam, fas,
Pipe Size, Nominal, Service or Air Sefrvice
NPS DN ft m ft m
1 25 7 2.1 9 2.7
2 50 10 3.0 13 40
3 80 12 3.7 15 46
4 100 14 4.3 17 5.2
6 150 17 5.2 21 6.4
8 200 19 5.8 24 7.3
12 300 23 7.0 30 9.1
16 400 27 8.2 35 10.7
20 500 30 9.1 39 11.9
24 600 32 9.8 42 12.8

GENERAL NOTES:

(i) 1If materials for attachments have different allow-
able stress values from the pipe, then the allowable
stress for the weld shall be based on the lower allowable
stress of the materials being joined.

(j) Increases in the allowable stress values shall be
permitted as follows:

(1) an increase of 20% for short time overloading
during operation.
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(a) Suggested maximum spacing between pipe supports for hori-
zontal straight runs of standard and heavier steel pipe at
maximum operating temperature of 750°F (400°C).

Does not apply where span calculations are made or where there
are concentrated loads between supports, such as flanges, valves,
and specialties.

The spacing is based on a fixed beam support with a bending
stress not exceeding 2,300 psi (15.86 MPa) and insulated
pipe filled with water or the equivalent weight of steel pipe
for steam, gas, or air service, and the pitch of the line is such
that a sag of 0.1 in. (2.5 mm) between supports is permissible.

(®)

@]
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Class 2 fit turnbuckles and adjusting nuts shall have the
full length of thread in engagement. Means shall be
provided for determining that full thread length is in
engagement. All screw and equivalent adjustments
shall be provided with suitable locking devices.

121.5 Hanger Spacing

Supports for piping with the longitudinal axis in
approximately a horizontal position shall be spaced to

Flexible metal hose assemblies, applied in accordance
with para. 106.4, shall be supported in such a manner as to
be free from any effects due to torsion and undue strain as
recommended by the manufacturer.

121.7.2 Other Rigid Types

(a) Safe loads for threaded hanger rods shall be based
on the root area of the threads and 75% of the allowable
stress of the material as provided in para. 121.2(g). In no

prevgnt excessive sag, bending, and shear stresses 1n
the p(il)ing, with special consideration given where compo-
nents, such as flanges and valves, impose concentrated
loadd. Where calculations are not made, suggested
maximum spacing of supports for standard and
heavier steel pipe are given in Table 121.5-1. Vertical
suppprts shall be spaced to prevent the pipe from
being overstressed from the combination of all loading
effectk.

121.4

Th

supp
dance

Springs

b springs used in variable or constant effort type
rts shall be designed and manufactured in accor-
with MSS SP-58.

121.7 Fixtures
121.7.1 Anchors and Guides

(a)| Anchors, guides, pivots, and restraints shall be
desighed to secure the desired points of piping in relative-
ly fix¢d positions. They shall permit the piping to expand
and cpntract freely in directions away from the anehored
or gulded point and shall be structurally sujtable’to with-
stand| the thrusts, moments, and other loads’imposed.

(b)| Rolling or sliding supports shall permit free move-
ment|of the piping, or the piping Shall be designed to
inclugle the imposed load and frigtional resistance of
these| types of supports, and(dimensions shall provide
for thp expected movement 6f the supported piping. Mate-
rials pnd lubricants us€d_in sliding supports shall be
suitaple for the metal*temperature at the point of
slidinlg contact.

(c)|Where corrugated or slip-type expansion joints, or
flexile metal/hose assemblies are used, anchors and

guidefs shall-be provided where necessary to direct the hanger parts (such as clamp and rod) ths
expapsion’ into the joint or hose assembly. Such supported by the spring at the point of atta
anch( rsshallhe r‘ncignnﬂ towithstand the force cpﬂr‘iﬁnr‘] the pipﬂ

Tase Shal Tanger Tods 1653 tham 75 1. (9-5 M) diameter
be used for support of pipe NPS 2 (DN 50) and‘4maller, or
less than % in. (12.5 mm) diameter rod for supporting
pipe NPS 2%, (DN 65) and larger. See!Table [121.7.2-1
for carbon steel rods.

Pipe, straps, or bars of strength'and effective area equal
to the equivalent hanger rod_may be used instead of
hanger rods.

Hanger rods, straps,ete;'shall be designed to
free movement of pipingcaused by thermal exps
contraction.

(b) Welded'linK chain of %4 in. (5.0 mm)
diameter stock, or equivalent area, may be
pipe hargers with a design stress of 9,00
MPa) miaximum.

(c)~Castironinaccordance with ASTM A48 mhy be used
forbases, rollers, anchors, and parts of supportswhere the
leading will be mainly compression. Cast iron parts shall
not be used in tension.

(d) Malleable iron castings in accordance with ASTM
A47 may be used for pipe clamps, bean] clamps,
hanger flanges, clips, bases, swivel rings, and parts of
pipe supports, but their use shall be limited tg tempera-
tures not in excess of 450°F (230°C). This matgrial is not
recommended for services where impact loads pre antici-
pated.

(e) Brackets shall be designed to withstand forces and
moments induced by sliding friction in additiopn to other
loads.

bermit the
nsionand

or larger
used for
D psi (62

121.7.3 Variable Supports

d to exert
mined by
cht of all
t will be
hment to

(a) Variable spring supports shall be designg
a supporting force equal to the load, as detef
weight balance calculations, plus the wei

by the manufacturer for the design conditions at which the
joint or hose assembly is to be used. If this force is other-
wise unknown, it shall be taken as the sum of the product
of the maximum internal area times the design pressure
plus the force required to deflect the joint or hose
assembly. Where expansion joints or flexible metal
hose assemblies are subjected to a combination of longi-
tudinal and transverse movements, both movements shall
be considered in the design and application of the joint or
hose assembly.
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(b) Variable spring supports shall be provided with
means to limit misalignment, buckling, and eccentric
loading, or to prevent overstressing of the spring.

(c) 1t is recommended that all hangers employing
springs be provided with means to indicate at all times
the compression of the spring with respect to the approx-
imate hot and cold positions of the piping system, except
where they are used to cushion against shock or where the
operating temperature of the piping system does not
exceed 250°F (120°C).
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Table 121.7.2-1
Carrying Capacity of Threaded
ASTM A36, ASTM A575, and ASTM A576
Hot-Rolled Carbon Steel

Max. Safe Load at Rod

(d) Itisrecommended that the support be designed for
a maximum variation in supporting effort of 25% for the
total travel resulting from thermal movement.

121.7.4 Constant Supports. On high-temperature and

Nominal critical service piping at locations subject to appreciable
Rod Root Area of Temp. of 650°F (343°C) movement with thermal changes, the use of constant
Diameter, in. Thread, in.” 1b kN support hangers, designed to provide a substantially
% 0.0678 730 3.23 uniform supporting force throughout the range of
Y 0.126 1,350 5.98 travel, is recommended.
% 0.202 2,160 9.61 (a) Constant support hangers shall have a support
3, 0.302 3,230 14.4 variation of no more than 6% throughout"the|total
A 0.419 4,480 19.9 travel range.
1 0551 5900 26.2 (b) Counterweight type supports shall be proyided
with stops, and the weights shall be positively sequred.
hain les, hanger and rockep-ar: ils, or [other
1Y 0.890 9.500 424 C ains, cables, hanger and rocker-a mFleta s, or [othe
” 129 13.800 616 devices used to attach the counterweight load o the
132 ' ’ ' piping shall be subject to regitirements of para. 121.7.2.
17 L74 18,600 828 (c) Hydraulictype suppartsusing a hydraulic heafl may
2 230 24,600 109 be installed to give a constant supporting effort. $afety
devices and stops shall be provided to suppojt the
2% 3.02 32,300 144 load in case of hydraulic failure.
2Y 3.72 39,800 177 (d) Boosters.may be used to supplement the opefation
2%, 4.62 49,400 220 of constant support hangers.
3 562 60,100 267 121.7.5<Sway Braces. Sway braces or vibration damp-
eners shall be used to control the movement of piping due
3% 6.72 71,900 320 to vib¥ation.
3% 7.92 84,700 377 o
3 121.7.6 Shock Suppressors. For the control of piping
3% 9.21 98,500 438 . . .
due to dynamic loads, hydraulic or mechanical types of
4 10.6 114,000 505 . .
shock suppressors are permitted. These devices do not
support pipe weight.
4%, 12.1 129,000 576
4% 13.7 146,000 652 121.8 Structural Attachments
3
% 154 165,000 733 121.8.1 Nonintegral Type
5 17.2 184,000 819
GENERAL NOTES: (a) Nonintegral attachments include clamps, dlings,
(a) Tabulatled loads are based on a mininfum-tensile stress of 50 ksi cradles, saddles, straps, and clevises. . _ o
(345 MPa) divided by a safety faCtor of 3.5, reduced by 25%, (b) When clamps are used to support vertical lings, it is
resultirg in an allowable stres§ of 10.7 ksi. recommended that shear lugs be welded to the pipe to
(b) Root arfeas of thread are basedwon the following thread series: prevent slippage. The provisions of para. 121.§.2(b)
diameters 4 in. and below/=" coarse thread (UNC); diameters shall apply.
above 4 in. — 4 thread (3-UN). o (c) Inaddition to the provision of (b), clamps to support
(c) The conresponding table for metric size rods is available in MSS . . .
Sp-58 vertical lines should be designed to support the totdl load
on either arm in the event the load shifts due to pipg and/
or hanger movement.
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121.8.2 Integral Type

(a) Integral attachments include ears, shoes, lugs, cy-
lindrical attachments, rings, and skirts that are fabricated
so that the attachment is an integral part of the piping
component. Integral attachments shall be used in conjunc-
tion with restraints or braces where multiaxial restraintin
a single member is to be maintained. Consideration shall
be given to the localized stresses induced into the piping
componentby the integral attachments. Where applicable,
the conditions of para. 121.8.1(c) are to apply.
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(b) Integral lugs, plates, angle clips, etc., used as part of
an assembly for the support or guiding of pipe may be
welded directly to the pipe, provided the materials are
compatible for welding and the design is adequate for
the temperature and load using the allowable stress
values of para. 121.2. The design of hanger lugs for attach-
ment to piping for high-temperature service shall be such
as to provide for differential expansion between the pipe
and the attached lug.

(b) In a forced-flow steam generator with no fixed
steam and waterline, it is permissible to design the
external piping, valves, and fittings attached to the pres-
sure parts for different pressure levels along the path
through the steam generator of water-steam flow. The
values of design pressure and the design temperature
to be used for the external piping, valves, and fittings
shall be not less than that required for the expected
maximum sustained operating pressure and temperature

121.9 Loads and Supporting Structures

Considerations shall be given to the load-carrying ca-
pacity of equipment and the supporting structure. This
may pnecessitate closer spacing of hangers on lines
with pxtremely high loads.

121.10 Requirements for Fabricating Pipe

Supports

Pipe supports shall be fabricated in accordance with the
requifements of para. 130.

PART 6
SYSTEMS
122 DESIGN REQUIREMENTS PERTAINING TO
SPECIFIC PIPING SYSTEMS

Exdept as specifically stated otherwise in this Part 6,-all
provisions of the Code apply fully to the piping systems
descrfbed herein.

122.1 Boiler External Piping; in Accordance With
Para. 100.1.2(a) — Steam, Feedwater,

Blowoff, and Drain Piping

122.1.1 General. The minimum pressure and tempera-
ture and other special requirements to be used in the
desigh for steam, feedwater, blowoff, and drain piping
from|the boiler to the.valve or valves required by
para.|122.1 shall besas\specified in the following para-
graplls. Design requirements for desuperheater spray
pipinlg connected to desuperheaters located in the
boiler proper<dand in main steam piping are provided
in para. 122:4.

(a)| Itisintended that the design pressure and tempera-

o xhich tha ahattad mencciiyn o + e m|1-nnn+cd eXCE‘pt

.................... d-pressure-partis-subjeet
when one or more of the overpressure|p
devices covered by ASME BPVC, Section, \IPG}67.4 is in
operation. The steam piping shall complyjwith tHe require-
ments for the maximum sustained operating copditions as
used in (a), or for the design pressure at the thrpttle valve
inlet plus 5%, whichever is greater.

(c) Provision shall be fmade for the expa
contraction of piping“cohnected to boiler
forces and momentsS-transmitted to the hoiler, by
providing substantial anchorage at suitable points, so
that there shall be no undue strain transmitfed to the
boiler. Steam\feservoirs shall be used on steam mains
when heayy pllsations of the steam currents cquse vibra-
tion.

(d)<Riping connected to the outlet of a boiler for any
putpose shall be attached by

(1) welding to a nozzle or socket weldin

(2) threading into a tapped opening with §
fitting or valve at the other end

(3) screwing each end into tapered flangg
or valves with or without rolling or peening

(4) bolted joints including those of the Van Stone

rotection

hsion and
5 to limit

b fitting
threaded

s, fittings,

type

(5) blowoff piping of firetube boilerq shall be
attached in accordance with (2) if exposed td products
of combustion or in accordance with (2), (3), or (4) if
not so exposed

(e) Nonferrous pipe or tubes shall not excg
(DN 80) in diameter.

(f) American National Standard slip-on fla
not exceed NPS 4 (DN 100). Attachment
flanges shall be by double fillet welds. The throats of
the fillet welds shall not be less than 0.7 times|the thick-
ness of the part to which the flange is attachdd.

(g) Hub-type flanges shall not be cut from pjate mate-
rial.

ed NPS 3

hges shall
f slip-on

ture be-setectedsufficterntty imexcessof anyexpected
operating conditions, not necessarily continuous, to
permit satisfactory operation without operation of the
overpressure protection devices. Also, since the operating
temperatures of fired equipment can vary, the expected
temperature at the connection to the fired equipment shall
include the manufacturer’s maximum temperature toler-
ance.
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(h] American National Standard socket welded flanges
may be used in piping or boiler nozzles provided the
dimensions do not exceed NPS 3 (DN 80) for Class 600
and lower, and NPS 21/2 (DN 65) for Class 1500.

(i) The use of expansion joints of all types, swivel and
ball joints, and flexible metal hose assemblies as described
in para. 101.7.2 is prohibited.

122.1.2 Steam Piping. The value of P to be used in the
formulas in para. 104 shall be as follows:
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(a) For steam piping connected to the steam drum or to
the superheater inlet header up to the first stop valve in
each connection, the value of P shall be not less than the
lowest pressure at which any drum safety valve is set to
blow, and the S value shall not exceed that permitted for
the corresponding saturated steam temperature.

(b) For steam piping connected to the superheater
outlet header up to the first stop valve in each connection,
the design pressure, except as otherwise provided in (d),
shall be netle han-theJowest-pressure-at-which-any
safety valve on the superheater is set to blow, or not
less than|[ 85% of the lowest pressure at which any
drum safgty valve is set to blow, whichever is greater,
and the S| value for the material used shall not exceed

the secondl valve, when one is required by para. 122.1.7,
pressure shall be not less than the expected
sustained operating pressure or 85% of the
essure at which any drum safety valve is set
hichever is greater, and the S value for the mate-
rial used ghall not exceed that permitted for the expected
steam temperature.

(d) Forn boilers installed on the unit system (i.e., one
boiler anld one turbine or other prime mover) and
provided with automatic combustion control equipment
responsive to steam header pressure, the design pressure
for the stepm piping shall be not less than the design pres-
sure at thle throttle valve inlet plus 5%, or not less than
85% of th¢ lowest pressure at which any drum safety valve
is set to hlow, or not less than the expected maximum
sustained|operating pressure at any point in the: piping
system, whichever is greatest, and the Svalue forthe'mate-
rial used dhall not exceed that permitted for, the expected
steam tenyperature at the superheater outlet.'For forced-
flow stearh generators with no fixed steam/and waterline,
the desigr] pressure shall also be no less-than the expected
maximum| sustained operating pressure.

(e) Thd design pressure shallnet be taken at less than
100 psig [[700 kPa (gage)] forany condition of service or
material.

122.1.3| Feedwater-Piping

(a) Thgvalue.ofPtobeusedinthe formulasinpara.104
shall be afp follows:
(1) Horpiping from the boiler to and including the

(2) For piping between the required check valve and
the globe or regulating valve, when required by
para. 122.1.7(b), and including any bypass piping up to
the shutoff valves in the bypass, the value of P shall be
not less than the pressure required to feed the boiler.

(3) The value of P in the formula shall not be taken at
less than 100 psig [700 kPa (gage)] for any condition of
service or material, and shall never be less than the pres-
sure required to feed the boiler.

A5 a-E with—#e, fixed
steam and waterline, the value of P for feedivater
piping from the boiler to and including the, réquired
stop valve may be in accordance with the requirefnents
of para. 122.1.1(b).

(b) The Svalueused, exceptas permitted in (a)(4) shall
not exceed that permitted for thétemperature of|satu-
rated steam at the maximum allotyable working pregssure
of the boiler.

(c) The size of the feed piping between the boildr and
the first required valvé [para. 122.1.7(b)] or the bfranch
feed connection [parat122.1.7(b)(4)] shall, as a miniimum,
be the same as thé\boiler connection.

122.1.4 Blowoff and Blowdown Piping. Blowoff and
blowdown ‘piping are defined as piping connected to a
boiler and provided with valves or cocks thrjough
whicl{the water in the boiler may be blown out yinder
pressure. This definition is not intended to apply|to (i)
drain piping, and (ii) piping such as used on yater
columns, gage glasses, or feedwater regulators, etg., for
the purpose of determining the operating conditjon of
the equipment. Requirements for (i) and (ii) are desqribed
in paras. 122.1.5 and 122.1.6, respectively. Blpwoff
systems are operated intermittently to remove acqumu-
lated sediment from equipment and/or piping, or to Jower
boiler water level in a rapid manner. Blowdown syptems
are primarily operated continuously to contrgl the
concentrations of dissolved solids in the boiler wgter.

(a) Blowoff piping systems from water spacef of a
boiler, up to and including the blowoff valves, shpll be
designed in accordance with (1) through (4)| Two
shutoff valves are required in the blowoff system; specific
valve requirements and exceptions are given in|para.
122.1.7(c).

(1) The value of P to be used in the formulas in
para. 104 shall exceed the maximum allowable

U\rnrl(ing pressure of the boiler hy either 259 ofF 225

required stop valve and the check valve, the minimum
value of P except as permitted in (4) shall exceed the
maximum allowable working pressure of the boiler by
either 25% or 225 psi (1550 kPa), whichever is the
lesser. For an installation with an integral economizer
without valves between the boiler and economizer,
this paragraph shall apply only to the piping from the
economizer inlet header to and including the required
stop valve and the check valve.

psi (1550 kPa), whichever is less, but shall be not less
than 100 psig [690 kPa (gage)]. The exception to this
requirement pertains to miniature boilers as described
in ASME BPVC, Section I, Parts PEB and PMB, where
the value of P to be used in the formulas in para. 104
shall be 100 psi [690 kPa (gage)].

(2) The allowable stress value for the piping mate-
rials shall not exceed that permitted for the temperature of
saturated steam at the maximum allowable working pres-
sure of the boiler.
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(3) All pipe shall be steel except as permitted below.
Galvanized steel pipe and fittings shall not be used for
blowoff piping. When the value of P does not exceed
100 psig [690 kPa (gage)], nonferrous pipe may be
used and the fittings may be bronze, cast iron, malleable
iron, ductile iron, or steel.

CAUTION: Nonferrous alloys and austenitic stainless steels

may be sensitive to stress corrosion cracking in certain
aqueous environments.

each boiler drain connection except as permitted in (c)
and (d).

(b) If the drain lines are intended to be used both as
drains and as blowoffs, then two valves are required and
all conditions of paras. 122.1.4,122.1.7(c),and 122.2 shall
be met.

(c) Miniature boilers constructed in accordance with
the rules contained in ASME BPVC, Section I, Parts
PMB and PEB may use a single valve where drain lines

araintandadtaobhancad forbhoarh Bhlov,o fEandnas
e e Rae et 8 uSe a0 9ot B1oWoT

rjodicauto-

Whert] the value of P exceeds 100 psig [690 kPa (gage])], the i | flushi or to start ,i,‘}:’” ! ole val
fittings shall be steel, and the thickness of pipe and fittings matic ormanual Usiig priorto startup. [ACsMele vaive
shall hot be less than that of Schedule 80 pipe. shall. be de51g'nfed for blowoff service but\need not have
4) The size of blowoff piping shall be not less than locl;ln%\;:spabllgy. in is intended f 1vlwhen th
the size of the connection on the boiler, and shall be in ( ) vhen a drain 1s mtended for use onlyjwhen the
accorldance with the rules contained in ASME BPVC boiler is not under pressure (préssurizing the boiler
Section I PG-59.3. PMB-12. and PEB-12 ’ for rapid drainage is an exception), a single shutoff
(b) Th’e blowd(;wn pipir;g system from the boiler, to V.alve is acceptable undér the following cd nditionls:
and ifcluding the shutoff valve, shall be designed in accor- either the Valv.e .shall 3 t?’pe that can be llocked in
. . the closed position,.0r/a suitable flanged ahd bolted
danc¢ with (1) through (4). Only one shutoff valve is . .
requifed in the blowdown system. connection that atécepts a blank insert shall Ie located
1) The value of P to be used in the formulas in on the downstream side of the valve. When a single
valve is usedS it need not be designed for blowoff

104 shall be not less than the lowest set pressure
y safety valve on the boiler drum.

?) The allowable stress value for the piping mate-
rials ghall not exceed that permitted for the temperature of
saturated steam at the maximum allowable working pres-
sure of the boiler.

3) All pipe shall be steel except as permitted belows
Galvanized steel pipe and fittings shall not be used for
blowdown piping. When the value of P does.not
excegd 100 psig [690 kPa (gage)], nonferrotis pipe
may be used and the fittings may be bronzej\cast iron,
mallepble iron, ductile iron, or steel.

CAUT]ON: Nonferrous alloys and austenitic stainless steels
may be sensitive to stress corrosion cracking in certain
aquequs environments.

Wher the value of P exceeds 100 psig [690 kPa (gage)], the
fittings shall be steel and the thickness of pipe and fittings
shall pot be less than thatvof Schedule 80 pipe.
4) The size ofblowdown piping shall be not less
the size of the)connection on the boiler, and shall
accordarce* with the rules contained in ASME
BPV({f Section1/PG-59.3, PMB-12, and PEB-12.

(c)| The blowoff and blowdown piping beyond the
requiredvalves described in (a) and (b) are classified

para.
of an

than
be in|

service. Singlé valves on miniature boilers cdnstructed
in accordance with the rules contained in ASME BPVC,
Section’], Parts PMB and PEB do not requife locking
capability.

(e) Drain piping from the drain connection,including
required valves or the blanked flange connectign, shall be
designed for the temperature and pressure of| the drain
connection. The remaining piping shall be designed for the
expected maximum temperature and pressure. §tatichead
and possible choked flow conditions shall be cpnsidered.
In no case shall the design pressure and tempg¢rature be
less than 100 psig [690 kPa (gage)] and 220°F (105°C),
respectively.

122.1.6 Boiler External Piping — Miscgllaneous
Systems

(a) Materials, design, fabrication, examination, and
erection of piping for miscellaneous accessofries, such
as water level indicators, water columns, gdge cocks,
and pressure gages, shall be in accordance with the ap-
plicable sections of this Code.

(b) The value of P to be used in the formulas in
para. 104 shall be not less than the maximum|allowable
working pressure of the boiler except as prpvided by

as nonboiler external piping. INe requirements are
given in para. 122.2.

122.1.5 Boiler Drains

(a) Complete drainage of the boiler and attached piping
shall be provided to the extent necessary to ensure proper
operation of the steam supply system. The pipe, fittings,
and valves of any drain line shall not be smaller than the
drain connection. Double valving shall be required for
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para. 122.1.1(b).

(c) Valve requirements for water level indicators or
water columns, special gage glass and gage cock require-
ments, minimum line sizes, and special piping configura-
tions required specifically for cleaning, access, or
reliability shall be in accordance with ASME BPVC,
Section I, PG-60.

122.1.7 Valves and Fittings. The minimum pressure
and temperature rating for all valves and fittings in
steam, feedwater, blowoff, and miscellaneous piping
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shall be equal to the pressure and temperature specified
for the connected piping on the side that has the higher
pressure, except that in no case shall the pressure be less
than 100 psig [690 kPa (gage)], and for pressures not
exceeding 100 psig [690 kPa (gage)] in feedwater and
blowoff service, the valves and fittings shall be equal
at least to the requirements of the ASME standards for
Class 125 castiron or bronze, or Class 150 steel or bronze.

(a) Steam Stop Valves. Each boiler discharge outlet,
except safety—valve tefrahve HOHS;
or reheater inlet and outlet connections shall be fitted
with a stgp valve located at an accessible point in the
steam-delivery line and as near to the boiler nozzle as
is convenjent and practicable.

(1) Boiler stop valves shall provide bidirectional
shutoff afl design conditions. The valve or valves shall
meet the fequirements of para. 107. Valves with resilient
(nonmetalllic) seats shall not be used where the boiler
maximum allowable working pressure exceeds 150
psig (1 03p kPa) or where the system design temperature
exceeds 366°F (186°C). Valves of the outside screw and
yoke, risifg stem style are preferred. Valves other than
those of fhe outside screw and yoke, rising stem style
shall meef the following additional requirements:

(-a) Each valve shall be equipped with a position
indicator o visually indicate from a distance whether the
valve is open or closed.

(-b) Quarter-turn valves shall be equipped with a
slow operpting mechanism to minimize dynamic loadings
on the boiler and attached piping. Either a quick-opening
manual qyarter-turn valve or an automatic solenoid valve
may be used on miniature boilers constructed in- accor-
dance with the rules contained in ASME BPVC,(Section I,
Parts PMB and PEB. Manual quarter-turn valves shall be
provided with a handle or other position indicator to indi-
cate from|a distance whether the valve.is open or closed.

(2) In the case of a single bojler-ahd prime mover
installatipn, the stop valve required herein may be
omitted provided the prime~mmever throttle valve is
equipped|with an indicator tovShow whether it is open
or closed) and it is designed to withstand the required
boiler hyldrostatic test) The limit of boiler external
piping erlds at the“connection of such prime mover
valves angl does hotinclude the connection; the connec-

When a second stop valve is required, it shall have a
pressure rating at least equal to that required for the
expected steam pressure and temperature at the valve,
or a pressure rating at least equal to 85% of the
lowest set pressure of any safety valve on the boiler
drum at the expected temperature of the steam at the
valve, whichever is greater.

(4) All valves and fittings on steam lines shall have a
pressure rating of at least 100 psig [690 kPa (gage)] in

(1) The feedwater piping for all boilers; except for
high-temperature water boilers complying with the re-
quirements of (8) and forced-flow steam generfators
with no fixed steam and waterline complying with the re-
quirements of (9), shall be providedawith a check valye and
a stop valve or cock between<the check valve and the
boiler. The stop valve or cogk:shall comply with the re-
quirements of (c)(5).

(2) The relative lacations of the check and st
cock) valves, as required in (1), may be reversed
single boiler-turbitie unit installation.

(3) If a Boilér is equipped with a duplicatd feed
arrangement;. each such arrangement shall be equfpped
as required-by these rules.

(4)/When the supply line to a boiler is divided into
brarich feed connections and all such connectior}s are
equipped with stop and check valves, the stop and
check valves in the common source may be omitted.

(5) Whentwo or more boilers are fed from a cotnmon
source, there shall also be a globe or regulating valvefin the
branch to each boiler located between the check valye and
the source of supply. A typical arrangement is shown in
Figure 100.1.2-3.

When there is a regulating valve located downs
of the economizer as shown in Figure 100.1.2-4, ill
tion (b), an additional globe or regulating valve ups
of the check valve is not required.

(6) A combination stop and check valve in yhich
there is only one seat and disk, and in which a|valve
stem is provided to close the valve, shall be consiflered
only as a stop valve, and a check valve shall be ingsftalled
as otherwise provided.

(7) Where an economizer or other feedwater h¢ating
inter-

p (or
on a

ream
Istra-
ream

tion between the boiler external piping and prime mover device is connected directly to the boiler without
valves is honboiler external piping. vening valves, the feed valves and check valves redquired
(3) When two or more boilers are connected to a shall be placed on the inlet of the economizer or feedwater

common header, or when a single boiler is connected
to a header having another steam source, the connection
from each boiler having a manhole opening shall be fitted
with two stop valves having an ample free-blow drain
between them. The preferred arrangement consists of
one stop-check valve (located closest to the boiler) and
one valve of the style and design described in (1). Alter-
natively, both valves may be of the style and design
described in (1).
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heating device.

(8) The recirculating return line for a high-tempera-
ture water boiler shall be provided with the same stop
valve, or valves, required by (1) and (3). The use of a
check valve in the recirculating return line is optional.
A check valve shall not be a substitute for a stop valve.

(9) The feedwater boiler external piping for a forced-
flow steam generator with no fixed steam and waterline
may terminate up to and including the stop valve or valves
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Figure 122.1.7-1
Typical Globe Valves

and dmitting check valves, provided that a check valve
havirlg a pressure rating no less than the boiler inlet
design pressure is installed at the discharge of each
boiley feed pump or elsewhere in the feedline between
the fded pump and stop valves.
70) Wherever globe valves are used within BEP
feedwater piping for either isolation or regulation,-the
inlet ghall be under the disk of the valve.

(c)| Blowoff Valves
1) Ordinary globe valves assshown in
Figurle 122.1.7-1, illustration (a), and other types of
valvep that have dams or pockets where sediment can
colleqt shall not be used on blowoff connections.
2) Y-type globe valves as shown in
Figurp 122.1.7-1, illustratién)(b), or angle valves may
be used in vertical pipes; or they may be used in hori-
zontal runs of piping.provided they are so constructed
or indtalled that the\Jowest edge of the opening through
the sgat is at least.25% of the inside diameter below the
centefline of<he" valve.
3) The-blowoff valve or valves, the pipe between

them| and-the boiler connection shall be of the same
size elkcept thata ]argnr pipe for the return of condensate

(b)

(5)>When the value of P required |by para.
122,14 (a)(1) does not exceed 250 psig [1725 kPa
(gage)], the valves or cocks shall be brdnze, cast
iron, ductile iron, or steel. The valves or| cocks, if
of cast iron, shall not exceed NPS 2% |[(DN 65)
and shall meet the requirements of the gpplicable
ASME standard for Class 250, as given |[in Table
126.1-1, and if of bronze, steel, or dugtile iron
construction, shall meet the requirements df the ap-
plicable standards as given in Table 126.1-1 or para.
124.6.

(6) When the value of P required |by para.
122.1.4(a)(1) is higher than 250 psig []725 kPa
(gage)], the valves or cocks shall be of steel|construc-
tion equal at least to the requirements of Clgss 300 of
the applicable ASME standard listed in Table 126.1-1.
The minimum pressure rating shall be equal to the
value of P required by para. 122.1.4(a)(1).

(7) If a blowoff cock is used, the plug shall|be held in
place by a guard or gland. The plug shall be|distinctly
marked in line with the passage.

(8) A slow-opening valve is a valve that requires at
least five 360 dng turns of the npnrnfing mechanism to

may be used.

(4) For all boilers [except electric steam boilers
having a normal water content not exceeding 100 gal
(380 L), traction-purpose, and portable steam boilers;
see (11) and (12)] with allowable working pressure in
excess of 100 psig [690 kPa (gage)], each bottom
blowoff pipe shall have two slow-opening valves, or
one quick-opening valve or cock, at the boiler nozzle
followed by a slow-opening valve. All valves shall
comply with the requirements of (5) and (6).

change from fully closed to fully open.

(9) Onaboiler having multiple blowoff pipes, a single
master valve may be placed on the common blowoff pipe
from the boiler, in which case only one valve on each in-
dividual blowoff is required. In such a case, either the
master valve or the individual valves or cocks shall be
of the slow-opening type.

(10) Two independent slow-opening valves, or a
slow-opening valve and a quick-opening valve or cock,
may be combined in one body and may be used provided
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the combined fitting is the equivalent of two independent
slow-opening valves or a slow-opening valve and a quick-
opening valve or cock, and provided further that the
failure of one to operate cannot affect the operation of
the other.

(11) Only one blowoff valve, which shall be either a
slow-opening or quick-opening blowoff valve or a cock, is
required on traction and/or portable boilers.

(12) Only one blowoff valve, which shall be of a slow-

circulatioh and electric steam boilers having a normal
water content not exceeding 100 gal (380 L). Electric
boilers ngt exceeding a normal water content of 100
gal (380 L) and a maximum MAWP of 100 psig [690
kPa (gagd)] may use a quick-opening manual or slow-
opening qutomatic quarter-turn valve up to NPS 1 (DN
25). Electric boilers not exceeding a normal water
content df 100 gal (380 L) but with a MAWP greater
than 100 [psig [690 kPa (gage)] shall only use either a
slow-opening manual or automatic valve, regardless of
size.

(d) Prefsure-Relieving Valves. Safety, safety relief, and
power-acfuated pressure-relieving valves shall conform
to the requirements of ASME BPVC, Section I, PG-67
through HG-73.

122.2 Blpwoff and Blowdown Piping in Nonboiler
External Piping

Blowoff and blowdown piping systems shall be, where
possible, self-draining and without pockets. If unavoid-
able, valyed drains at low points shall allow system
draining|prior to operation. To minimize pipeline
shock dufring the operation of blowoff systems, 3D
pipe bends (minimum) should be used in preference to
elbows, and wye or lateral fittings should be used in
preferencg to tee connections.

(a) From Boilers

(1) Blowoff piping, located)between the valves
described in para. 122.1.4(a),. and the blowoff tank or
other point where the pressureé is reduced approximately
to atmospheric pressuré and cannot be increased by
closing a |downstream valve, shall be designed for the
approprjate préssure in accordance with Table
122.2-1. [The_pravisions of paras. 122.1.4(a)(3) and
122.1.7 shalllapply. The size of non-BEP blowoff
header ta the safe point of discharge shall not he

unless engineering calculations confirm that the design
flow rate can be achieved with a smaller piping size
without flashing the blowdown prior to the flow
control valve.

(3) When the design pressure of Table 122.2-1 can
be exceeded due to closing of a downstream valve, calcu-
lated pressure drop, or other means, the entire blowoff or
blowdown piping system shall be designed in accordance

(4) Non-BEP blowdown piping downstream«pf the
flow control valve shall not be smaller — and préfgrably
will be larger — than the connection on the/boilef [see
para. 122.1.4(b)(4)].

(b) From Pressure Vessels OtheryThan Boilerd. The
design pressure and temperaturé.of the blowoff piping
from the pressure vessel to atid,including the blpwoff
valves shall not be less than the'vessel MAWP and ¢orre-
sponding design temperature.

122.3 Instrument, Control, and Sampling Piping

(a) The requitements of this Code, as supplemented by
para. 122.3, shall apply to the design of instrument,
control, andsampling piping for safe and proper operation
of the piping itself.

(b)The term “instrument piping” shall apply [to all
valves, fittings, tubing, and piping used to connect ipstru-
ments to main piping or to other instruments or appgratus
or to measuring equipment as used within the clas§ifica-
tion of para. 100.1.

(c) The term “control piping” shall apply to all vialves,
fittings, tubing, and piping used to interconnect pn¢uma-
tically or hydraulically operated control apparatuyg, also
classified in accordance with para. 100.1, as wellfas to

Table 122.2-1
Design Pressure for Blowoff/Blowdown Piping
Downstream of BEP Valves

Design Pressyure

smaller than the largest connected BEP blowoff terminal
[see para. 122.1.4(a)(4)].

(2) Blowdown piping, in which the pressure cannot
be increased by closing a downstream valve, shall be
designed for the appropriate pressure and temperature
in accordance with Table 122.2-1. The provisions of
para. 122.1.4(b)(3) shall apply. The size of non-BEP blow-
down piping between the shutoff valve described in para.
122.1.4(b) and the flow control valve shall not be smaller
than the BEP boiler shutoff valve [see para. 122.1.4(b)(4)]

Boiler or Vessel Pressure [Note (1)]

MAWP kPa (gage) psig kPa [gage)
Below 250 1725 [Note (2)] [Note (2)]
250-600 1725-4135 250 1725
601-900 4136-6205 400 2760
901-1,500 6206-10340 600 4135
1,501 and higher 10341 and higher 900 6205
NOTES:

(1) Theallowable stress value for the piping material need not exceed
that permitted for the temperature of saturated steam at the
design pressure.

(2) For boiler or vessel pressures below 250 psig [1 725 kPa (gage)],
the design pressure shall be determined in accordance with
para. 122.1.4(b)(1), but need not exceed 250 psig [1725 kPa

(gage)].
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signal transmission systems used to interconnect instru-
ment transmitters and receivers.

(d) Theterm “sampling piping” shall apply to all valves,
fittings, tubing, and piping used for the collection of
samples, such as steam, water, oil, gas, and chemicals.

(e) Paragraph 122.3 does not apply to tubing used in
permanently closed systems, such as fluid-filled tempera-
ture responsive devices, or the temperature responsive
devices themselves.

0
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(2) Blowdown Valves

(-a) Blowdown valves at or near the instrument
shall be of the gradual opening type. For subcritical pres-
sure steam service, the design pressure for blowdown
valves shall be not less than the design pressure of the
pipe or vessel; the design temperature shall be the corre-
sponding temperature of saturated steam. For all other
services, blowdown valves shall meet the requirements
of (1).
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measuring, sampling, signaling, transmitting,
olling, receiving, or collecting instruments to
the piping is connected.

122.3.1 Materials and Design. The materials used for
valves, fittings, tubing, and piping shall meet the particular
conditions of service and the requirements of the appli-
cablel specifications listed under general paras. 105
throygh 108 with allowable stresses in accordance
with[the Allowable Stress Tables in Mandatory
Appendix A or as calculated per para. 123.1.2(b).

The materials for pressure retention components used
for piping specialties such as meters, traps, and strainers
in flammable, combustible, or toxic fluid systems shall, in
additfon, conform to the requirements of paras. 122.7 and
122.8

122.3.2 Instrument Piping
(@)

Takeoff Connections
1) Takeoff connections at the source, together with
attachment bosses, nozzles, and adapters, shall be miade of
material at least equivalent to that of the pipe or-vessel to
which they are attached. The connectjons* shall be
desighed to withstand the source design pressure and
tempprature and be capable of withstanding loadings
induded by relative displacement and vibration. The
nomipal size of the takeoff connections shall not be
less than NPS %, (DN 15) for(service conditions not in
excesfs of either 900 psi (6200 kPa) or 800°F (425°C),
and NPS %, (DN 20) (for.adequate physical strength)
for d¢sign conditions)that exceed either of these limits.
Wheile the size of the main is smaller than the limits
given| above, the-takeoff connection shall not be less
than the size ef/the main line.

') TFoprevent thermal shock to the main steam line
by contact“with the colder condensate return from the

coG oy

the instrument as well as any intervening|fittings and
tubing between such blowdown valves~and the meter
shall be suitable at 100°F (40°C) for atleast [1% times
the design pressure of the piping system, but the
rating of the valve at the instruntent need njpot exceed
the rating of the blowdown valye.
(-c) When blowdowin valves are not used, instru-

ment valves shall confofm to the requirements of (-a).
(c) Reservoirsor Condensers. In dead-end stegm service,
the condensing reservoirs and connecting nipples, which
immediately follow the shutoff valves, shall bp made of
material suitable for the saturated steam terperature
corresponding to the main line design pressure.
(d) Materials for Lines Between Shutoff Valves and
Instruments
(1) Copper, copper alloys, and other npnferrous
materials may be used in dead-end steam|or water
services up to the design pressure and temperature condi-
tions used for calculating the wall thickness in apcordance
with para. 104 provided that the temperature within the
connecting lines for continuous services does 1jot exceed
406°F (208°C).
Where water temperature in the reservoir pf conden-
sers is above 406°F (208°C), a length of uninsulated steel
tubing at least 5 ft (1.5 m) long shall immediafely follow
the condenser ahead of the connecting copper| tubing to
the instrument.
(2) The minimum size of the tubing or piping is a
function of its length, the volume of fluid rdquired to
produce full-scale deflections of the instrument, and
the service of the instrument. When required to
prevent plugging as well as to obtain sufficient njechanical
strength, the inside diameter of the pipe or tube $hould not
beless than 0.36 in. (9.14 mm), with a wall thickhess of not
less than 0.049 in. (1.25 mm). When these reqpirements
do not apply, smaller sizes with wall thickng¢ss in due

instrimentsteanrmeter-or-instrunent-takeoffconmnec-
tions shall be lagged in with the steam main. For tempera-
tures in excess of 800°F (425°C), they may also be
arranged to make metallic contact lengthwise with the
steam main.
(b) Valves
(1) Shutoff Valves. Shutoff valves shall be provided at
takeoff connections. They shall be capable of withstanding
the design pressure and temperature of the pipe or vessel
to which the takeoff adapters or nipples are attached.
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proportions may be used. In either case, wall thickness
of the pipe or tube shall meet the requirements of (3).
(3) The piping or tubing shall be designed in accor-
dance with para. 104 with consideration for water
hammer.
(e) Fittings and Joints
(1) For dead-end steam service and for water above
150°F (65°C), fittings of the flared, flareless, or socket
welding type, or other suitable type of similar design,
shall be used. The fittings shall be suitable for the
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header pressure and corresponding saturated steam
temperature or water temperature, whichever applies.
For supercritical pressure conditions, the fittings shall
be suitable for the design pressure and temperature of
the main fluid line.

(2) For water, oil and similar instrument services,
any of the following types may be used, within the pres-
sure-temperature limitations of each:

(-a) For main line hydraulic pressures above 500

(d) Fittings and Joints

(1) For subcritical and supercritical pressure steam,
and for water above 150°F (65°C), fittings of the flared,
flareless, or socket welding type, or other suitable type of
similar design shall be used. The fittings shall be suitable
for main line design pressure and temperature.

(2) For water below 150°F (65°C), fittings and joints
shall be suitable for main line design pressure and
temperature and shall be in accordance with para.

psi (3450 tares
fittings of the flared, flareless, socket welded, fusion
welded, of silver brazed socket type shall be used.

(-b) For main line pressures up to 500 psi (3450
kPa) and temperatures up to 150°F (65°C), the fittings may
be flared pr silver brazed socket type, inverted flared or
flareless dompression type, all of brass or bronze.

(-c) For pressures up to 175 psi (1200 kPa) or
temperatyres up to 250°F (120°C), soldered type fittings
may be uged with water-filled or air-filled tubing under
adjusted gressure-temperature ratings. These fittings are
not recommended where mechanical vibration, hydraulic
shock, or thermal shock are encountered.

1eDA) o dtamanaratieac i +a 1 ENOR (D0 ctnnl
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122.3.3| Control Piping

(a) TaKeoff Connections. Takeoff connections shall be in
accordande with para. 122.3.2(a)(1).

(b) Valpes. Shutoff valves shall be in accordance with
para. 122]3.2(b)(1).

(c) Materials. The same materials may be used for
control lines as for instrument lines, except that thé
minimum|inside diameter shall be 0.178 in. (4.52 mm)
with a mipimum wall thickness of 0.028 in. (0.7Z1mm),
provided [that this wall thickness is not less than that
required py para. 122.3.2(d)(3). If a contrel device has
a connectfon smaller than %, in. (6.0 mm), the size reduc-
tion from fthe control tubing to the controldevice shall be
made as ¢lose to the control device as“possible.

(d) Fitgings and Joints. Fittingsyand joints shall be in
accordande with para. 122.3.2(e)(2).

122.3.4| Sampling Piping

(a) TaKeoff Connections. Takeoff connections shall be in
accordande with para. 122.3.2(a)(1).
(b) Valpes
(1) $hutoff valves shall be in accordance with
para. 12213 2(b)(1)

T 5
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122.3.6 Fittings and Joints. All fittings shall
accordance with standards and specificatigns list
Table 126.1-1.

(a) Socketwelded joints shall comply with the re
ments of para. 111.3.

(b) Flared, flareless, and compression type fittings and
their joints shall comply with”the requirements of
para. 115.

(c) Silver brazed socket-type joints shall comply
the requirements of paras. 117.1 and 117.3.

(d) Solder typejoints shall comply with the require-
ments of paras."117.2 and 117.3.

(e) The useoftaper threaded joints up to and including
NPS % (DN\15) is permitted at pressures up to 5,000 psi
(34500.kPa) in dead-end service from outlet enl and
downStream of shutoff valve located at the instrument,
at thé control apparatus, or at the discharge of the
sample cooler.

be in
ed in
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122.3.7 Special Safety Provisions

(a) Connecting piping subject to clogging from solids or
deposits shall be provided with suitable connectiops for
cleaning.

(b) Connecting piping handling air and gases
containing moisture or other extraneous matg¢rials
shall be provided with suitable drains or settling ¢ham-
bers or traps.

(c) Connecting piping that may contain liquids sh
protected from damage due to freezing by heating or
adequate means.

all be
other

122.3.8 Supports. Supports shall be furnished as gpeci-
fied in para. 121 not only for safety but also to protect the
piping against detrimental sagging, external mechganical
injury abuse, and exposure to unusual service conditions.

(2) Blowdown valves shall be of the gradual opening
type and shall be suitable for main line design pressure
and temperature.

(c) Materials. The materials to be used for sampling
lines shall conform to minimum requirements for the
main line to which they connect.
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122.3.9 Installations

(a) Instrument, control, and sampling piping shall be
inspected and tested in accordance with paras. 136
and 137.

(b) The inside of all piping, tubing, valves, and fittings
shall be smooth, clean, and free from blisters, loose mill
scale, sand, and dirt when erected. All lines shall be
cleaned after installation and before placing in service.
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122.4 Spray-Type Desuperheater Piping for Use on
Steam Generators, Main Steam, and Reheat
Steam Piping

(a) Valves and Piping Arrangement
(1) Each spraywater pipe connected to a desuper-
heater shall be provided with a stop valve and a regulating
(spray control) valve. The regulating valve shall be
installed upstream of the stop valve. In addition, if the
stea

(1) The value of P to be used in the formulas of
para. 104 shall be as follows:

(-a) For piping from the desuperheater back to the
stop valve required by (a)(1), the value of P shall be equal
to or greater than the maximum allowable working pres-
sure of the desuperheater.

(-b) For the remainder of the spraywater piping
system, the value of P shall be not less than the
maximum sustained pressure exerted by the spraywater.

of thg

gpnprnfnr cnpplipc steam to a steam turbine 2 (2) The stcp walye rcquircd by (a)(lJ shall be
powel-operated block valve® shall be installed upstream designed for the pressure requirement of (1)(-a) or the
regulating valve. maximum sustained pressure exerted by the’spraywater,

?) A bypass valve around the regulating valve is whichever is greater.
tted. (3) The S value used for the spraywater piping shall

perm

3) Abypass valve around the power-operated block
is prohibited.

4) On a superheater or reheater desuperheater, a

drain|valve shall be installed between the power-operated

block{valve and the regulating valve.

5) If the spraywater supply is from the boiler feed-
system and its source is not downstream of the feed-
check valve required by para. 122.1.7, a check valve

be provided in the spraywater piping between the
erheater and the spraywater source.
6) It is recommended that the valves and piping be
arraniged to provide a head of water on the downstream
side ¢f the stop valve.
7) A typical arrangement is shown in Figure
122.4-1.
8) Provisions shall be made to both steam and water
systems to accommodate the operating conditions asso-
ciated with this service, including water hammer, thermal
shocK, and direct water impingement. The ¢onnection for
the spraywater pipe should be located per the require-
ment$ established by the manufacturer\so that complete
flow mixing is achieved prior to _ahy)bends, elbows, or
other|flow directional changes beirig encountered.

9) Insertable-type desuperheaters, which include

an infegral stop and spraywater regulating valve, may

be used within the limitations established by the manu-
factufer. If this type iSused, the individual stop and regu-
lating valves shown)in Figure 122.4-1 may be omitted.

Insefftable-type-desuperheaters that have integral

valvijg internalto the desuperheater unit itself may be

used,|provided that the manufacturer can demonstrate
that the\intérnal valving is in compliance with the require-

valve

water
water
shall

desuy

not exceed that permitted for the.expected temperature.
NOTE: The temperature varies fromthat of the desuplerheater to
that of the spraywater soure¢ed@nd is highly dependent on the
piping arrangement. It is-the\responsibility of the flesigner to
determine the design temperature to be used for the various
sections of the piping system.

122.5 Pressure-Reducing Valves

122.5.1 ‘General. Where pressure-reducing yalves are
used; one or more pressure-relieving valves ¢r devices
shall be provided on the low pressure sife of the
system. Otherwise, the piping and equipment on the
low pressure side of the system shall be designed to with-
stand the upstream design pressure. The pressure-
relieving valves or devices shall be located adjoining or
as close as practicable to the reducing valve. The|combined
relieving capacity provided shall be such that the design
pressure of the low pressure system will not be gxceeded if
the reducing valve fails open.

122.5.2 Bypass Valves. Hand-controlled bypass valves
having a capacity no greater than the reducing alve may
be installed around pressure-reducing valves if the down-
stream piping is protected by pressure-relieving valves or
devices as required in para. 122.5.1 or if the dgsign pres-
sure of the downstream piping system and equipmentis at
least as high as the upstream design pressurel

122.5.3 Design of Valves and Pressure-
Valves and Devices. Pressure-reducing an
valves and pressure-relieving valves and deyices shall
be designed for inlet pressure and temperatyre condi-

Relieving
d bypass

mentSof this Code Al other Tequirements described 1
para. 122.4 shall apply.

(10) For Desuperheaters Located Within Main Steam
or Reheat Steam Piping. The steam system to be desuper-
heated shall be provided with proper drainage during all
water flow conditions. The drainage system shall function
both manually and automatically.

(b) Design Requirements

® For information on the prevention of water damage to steam turbines
used for electric power generation, see ASME TDP-1.
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accordance with the requirements of para. 107.8.

122.6 Pressure Relief Piping

Pressure relief piping within the scope of this Code shall
be supported to sustain reaction forces, and shall conform
to the requirements of paras. 122.6.1 and 122.6.2.
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Figure 122.4-1
Desuperheater Schematic Arrangement

Desuperheater

S

Stop valve
From spray

water source

Regulating valve
Block ¥alve

Drain valve — required*on superheater and
reheater desuperheaters

OTE: This figure is a schematic only and is not intended to show equipment layout or orientation.

122.6.]
Devices

Piping to Pressure-Relieving Valves and

(a) Thdre shall be no intervening stop valves between
piping beilng protected and the protective valve or device.
(b) Diverter or changeover valves designed to allow
servicing| of redundant protective valves\or devices
without fystem depressurization may be installed
between the piping to be protected and the required
protectivg valves or devices under the following condi-
tions:
(1) Diverter or changeover'valves are prohibited on
boiler extprnal piping and) reheat piping.

(2) One hundred/percent (100%) of the required
relieving [capacity,shall be continuously available any
time the Jystem disdn service.

(3) Hositiveposition indicators shall be provided on
diverter dr changeover valves.

122.6.2 Discharge Piping From Pressure-Relipving
Valves and Devices

(a) There shall be no intervening stop valve befween
the protective valve or device and the point of discharge.

(b) When discharging directly to the atmosphere,
discharge shall not impinge on other piping or equipment
and shall be directed away from platforms and other|areas
used by personnel.

(c) It is recommended that individual dischargd lines
be used, but if two or more reliefs are combinedl, the
discharge piping shall be designed with sufficient flow
area to prevent blowout of steam or other fluids. Seckional
areas of a discharge pipe shall not be less than the full area
of the valve or device outlets discharging thereintg, and
the discharge pipe shall be as shortand straight as pofsible
and so arranged as to avoid undue stresses on the valve or
device.

(4) I UD;tiVC }UL}\;IIS lllCLhalliDlllD aud DCG}D D}la}} bC
provided on diverter or changeover valves to preclude
unauthorized or accidental operation.

(5) Diverter or changeover valves shall be designed
for the most severe conditions of pressure, temperature,
and loading to which they are exposed, and shall be in
accordance with para. 107.

(6) Provision shall be made to safely bleed off the
pressure between the isolated protective valve or
device and the diverter or changeover valve.

(d) Dib\,}lql 5!: 1illCD fl UIIl }}l cT35uUl’T lC}iCVills VCl}V ) and
devices within the scope of this Code shall be designed to
facilitate drainage.

(e) When the umbrella or drip pan type of connection is
used, the discharge piping shall be so designed as to
prevent binding due to expansion movements.

(f) Drainage shall be provided to remove water
collected above the seat of the pressure-relieving valve
or device.
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(g) Carbon steel materials listed in Mandatory
Appendix A may be used for discharge piping that is
subjected to temperatures above 800°F (427°C) only
during operation of pressure-relieving valves [see para.
107.8.3(b)] provided that

(1) the duration of the pressure-relieving valve’s
operation is self-limiting

(2) the piping discharges directly to atmosphere

(3) the allowable stresses for carbon steel materials

BPVC, Section II, Part D, Table 1A for materials ap-
plicaple to ASME BPVC, Section I and Section VIII,
Divisjon 1

122.7 Piping for Flammable or Combustible
Liquids

122.7.1 General. Piping for flammable or combustible
liquids including fuel and lubricating oils is within the
scop¢ of this Code. Piping for synthetic lubricants
having no flash or fire point need not meet the require-
ment$ of para. 122.7.

Th¢ designer is cautioned that, among other criteria,
static| electricity may be generated by the flowing fluid.
Additjonally, the designer is cautioned of the extreme chil-
ling effect of aliquefied gas flashing to vapor during loss of
presdqure. This is a factor for determining the lowest
expedted service temperature relative to the possibility
of brittle fracture of materials. Consideration shall also
be giyen to the pressure rise that may occur as a cold
fluid pbsorbs heat from the surroundings.

122

(a)| Seamless steel or nickel alloy piping materials shall
be us¢d in all areas where the line is within 25 ft (7.6 m) of
equipment or other lines having an dpén flame or exposed

.7.2 Materials

122.7.3 Piping Joints

(a) Welded joints shall be used between steel or nickel
alloy piping components where practicable. Where bolted
flanged joints are necessary, the gasket material shall be
suitable for the service. Where threaded joints and
compression fittings are unavoidable, the following re-
quirements shall be met:

(1) For threaded joints, the pipe thickness shall be
notless than extra strong regardless of pressure or type of
material.

(2) The requirements of para. 114 shall’a
threaded joints.

(3) Threaded joints and compression fittinigs shall be
assembled carefully to ensure leak tightness.|Threaded
joints shall meet the requirements of pafa. 135.5.
Compression fittings shall meet the requir¢ments of
paras. 115 and 135.6. A thread sealant, suitable for the
service, shall be used-in threaded joints unless the
joint is to be seal welded or a gasket or O-r]iJLg is used
to provide sealing\at a surface other than the|threads.

(b) Threadéd joints in copper or brass pipe shall be
subject to.the same limitations as for steg¢l pipe in
(a)(1), (a)€2), and (a)(3).

(c) Copper tubing shall be assembled with fl3
less, or compression type joints as prescribed in|
orbrazed in accordance with para. 117. Soft s
joints are prohibited.

(d) RTR pipe shall be adhesive bonded in afcordance
with the pipe manufacturer’s recommended pjocedures.

(e) Pipejoints dependenton the friction charpcteristics
or resiliency of combustible materials for mechanical or
leak tightness of piping shall not be used inside[buildings.

(f) Steel tubing shall be assembled with fittings in
accordance with para. 115, or with socket we|d fittings.

ply to all

red, flare-
para. 115,
blder type

122.7.4 Valves and Specialties. Valves, strainers,

partq with an operating temperature above 400°F meters, and other specialties shall be of steel or nickel
(204C). Seamless steel or nickel alloy pipe shall also alloy construction. As an alternative, ductile or[malleable
be uged for fuel oil systems located downstream of .51y or copper alloy valves and specialties may be used,
burner shutoff valves. Burner shutoff valves shall be  gypjectto the restrictions in paras. 124.6 and 12}t.7, where
locatgd as close to the ‘burner as is practical. metal temperatures do not exceed 400°F (204°C).

(b)| In all other dreas, piping systems may include pipe
or tube of steel, nickel alloy, copper, or brass construction. 122.8 Piping for Flammable Gases, Toxit Fluids
Copper tubing{shall have a thickness not less than that (Gases or Liquids), or Nonflammable
requifed by-para. 104.1.2(c)(3), regardless of pressure. Nontoxic Gases
Refer|also-to paras. 105, 124.6, and 124.7(a).

Wherever-materialsother-thansteetornicket a“u_y are (3) Althcugh Seme-gases—are llunflCd for torage or

used, they shall be so located that any spill resulting from
the failure of these materials will not unduly expose
persons, buildings, or structures, or can be readily
controlled by remote valves.

(c) Forlubricating oil systems, steel tubing is an accept-
able alternative to steel pipe.

(d) Polyethylene (PE) and reinforced thermosetting
resin (RTR) pipe may be used for flammable or combus-
tible liquids, in buried installations only, in accordance
with Mandatory Appendix N.
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transport, they shall be considered as gases if their
Reid vapor pressure is greater than 40 psia [2068.6
mm Hg (absolute)] at 100°F (37.8°C).

(b) Threaded joints and compression fittings may be
used subject to the limitations of para. 114.2.1(b) and
other specific limitations identified below, except they
are permitted at connections to refillable storage
containers and associated pressure regulators, shutoff
valves, pumps, and meters, to a maximum pressure of
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5,000 psig [34475 kPa (gage)], provided the size does not
exceed NPS ¥, (DN 20).

122.8.1 Flammable Gas

(a) Some of the common flammable gases are acety-
lene, ethane, ethylene, hydrogen, methane, propane,
butane, and natural or manufactured gas used for fuel.
It shall be the designers’ responsibility to determine
the limiting concentratlons (upper and lower exploswe
limits) and-the e a e

oiding explosive concentrations

(3) mitigating possible ignition sources by stopping
hot work [and other means

(4) impingement of gases on nearby objects

(5) foreign objects propelled by venting

(6) chilling effect from the venting operation

(7) grotection of people by evacuation, by use of
appropripte personal protective equipment, or by
other megns

The chilling effect from venting is a factor for deter-
mining the lowest expected service temperature relative
to the pogsibility of brittle fracture of materials.

For the|design of hydrogen systems, the designer may
refer to ASME B31.12 for further considerations.

(b) Magerials. Steel piping, subject to the limifations in
para. 105, shall be used for all flammable gases, except as
otherwise permitted in (2) through (4).

(1) Welded joints shall be used between steel
components where practicable. Where bolted flanged
joints are [necessary, the gasket material shall be suitable
for the sefvice. Where threaded\joeints and compression
fittings arg unavoidable, the following requirements shall
be met:

(-a) Forthreadédjoints, the pipe thickness shall be
not less thian extra strong regardless of pressure or type of
material.

(-b) Threaded joints and compression fittings may
be used shibject to the limitations of para. 122.8(b).

(-a) seamless steel tubing with welded joints.
(-b) seamless copper or brass pipe or tubing with
brazed, threaded, or compression fitting joints. Threaded
fittings shall not exceed NPS ¥, (DN 20). For protection
against damage, tubing shall be installed in a guarded
manner that will prevent damage during construction,
operation, or service. Valves with suitable packing,
gages, regulators, and other equipment may also
consist of Copper alloy materials. Safety relief devices
e e rEpiping
ckets,
away
from

shall be demgned to convey the fluid, w1thout pe
to the outside atmosphere; and then directed
from equipment ventilation systems and|vents
other systems.

(3) For fuel gas instrumentation.ahd control,
less copper tubing subject to the‘following restri
may be used:

(-a) The design pressure shall not exceed 1
(690 kPa).

(-b) Tubing shall‘not exceed % in. (15.9
nominal outside diameter.

(-c) All joints shall be made with compress
flared fittings¢

(-d) :Capper tubing shall not be used if the fulel gas
contains*thore than 0.3 grains (19.4 mg) of hydrogen
sulfide @er 100 ft3/min (47 L/s) of gas at standard ¢ondi-
tions.

team-
rtions

0 psi
mm)

on or

(-e) Consideration shall be given in the desjgn to
the lower strength and melting point of copper compared
to steel. Adequate support and protection from| high
ambient temperatures and vibration shall be provided.

(-f) Tubing shall be installed in a guarded manner
that will prevent damage during construction, operation,
and service.

(4) Polyethylene (PE) pipe may be used for n
gas service, in buried installations only, in accordanc
Mandatory Appendix N.

(c) Valves and Specialties. Valves, strainers, meterfs, and
other specialties shall be of steel or nickel alloy contruc-
tion. As an alternative, ductile iron or copper alloy yalves
and specialties may be used, subject to the restrictipns in
paras. 124.6 and 124.7, where metal temperatures o not
exceed 400°F (204°C).

(d) Forin-plantfuel gas distribution systems whejre the
use of a full-relieving-capacity safety or safety relieflvalve
as described in para. 107.8.3(b) could create an lrndue

htural
P with

(-cJ Threadedjoints and compression fttings shalil
be assembled carefully to ensure leak tightness. Threaded
joints shall meet the requirements of para. 135.5.
Compression fittings shall meet the requirements of
paras. 115 and 135.6. A thread sealant, suitable for the
service, shall be used in threaded joints unless the
joint is to be seal welded or a gasket or O-ring is used
to provide sealing at a surface other than the threads.

(2) For hydrogen systems, the following alternative
materials may be used:
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venting hazard, an alternative pressure-limiting design
may be substituted. The alternative design shall
include the provisions in (1) through (3).

(1) Tandem Gas Pressure-Reducing Valves. To protect
the low pressure system, two gas pressure-reducing
valves capable of independent operation shall be installed
in series. Each shall have the capability of closing off
against the maximum upstream pressure, and of control-
ling the pressure on the low pressure side at or below the
design pressure of the low pressure system, if the other
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Table 122.8.2-1
Minimum Wall Thickness Requirements
for Toxic Fluid Piping

Stainless and
Nickel Alloy Steel

Carbon and
Low Alloy Steel

(b) Preferably, pipe and pipe fittings should be seam-
less steel. Wall thickness shall not be less than that in
Table 122.8.2-1.

If the fluid is known to be corrosive to the steels in
Table 122.8.2-1, the materials and wall thickness selected
shall be suitable for the service. (Refer to para. 104.1.2.)

(c) Welded joints shall be used between steel compo-
nents where practicable. Backing rings used for making

girth butt welds shall be removed after welding. Miter
t';nnlr‘r are nrohibitad Eabhyicarad hyan ol oo nections

(Mandatory Appendix A, (Mandatory Appendix A,
Size Tables A-1 and A-2) Tables A-3 and A-4)

NPS 2 (DN Extra strong Schedule 10S

50) and

smaller
Larger|than  Standard weight Schedule 55

NPS 2

(DN |50)

valvelfails open. Control lines shall be suitably protected,
desighed, and installed so that damage to any one control
line Will not result in overpressurizing the downstream
piping.
) Trip Stop Valve. A fail-safe trip stop valve shall be
installed to automatically close, in less than 1 sec, at or
below the design pressure of the downstream piping.
It shpll be a manually reset design. The pressure
switch for initiating closure of the trip stop valve shall
be hardwired directly to the valve tripping circuit. The
presspre switch shall be mounted directly on the low pres-
sure piping without an intervening isolation valve. The
trip gtop valve shall be located so that it is accessible
and protected from mechanical damage and from
weather or other ambient conditions that could impair
its proper functioning. It may be located upstream or
downstream of the tandem gas pressure-reducing
valves. The trip stop valve and all upstréam piping
shall be designed for the maximum upstream supply pres-
sure. [The trip stop valve may also serve as the upstream
isolatjon valve of a double-block and vent gas supply isola-
tion sfystem. Provision shall be made te safely bleed off the
pressjire downstream of the trip stop valve.

3) Safety Pressure Relief,"The low pressure system
shall be protected from any leakage through the pressure-
reduging valves, when-closed, by a safety relief valve
consftructed andSidesigned in accordance with
para.[107.8.3(b),and sized for the possible leakage rate.

122.8.2 Toxic Fluids (Gas or Liquid)
(a)| Eorthe purpose of this Code, a toxic fluid is one that

may be lethal or capable of producing iniury and/or
r© I [=] 7 T

veTtS pProtorcC T oorrcatCtoTa o

(shaped branch pipe welded directly to run<pipe) may
be used only if other types of branch copnections
permitted by para. 104.3.1 are not ‘available. Socket
welded joints shall be used only with steel [materials
and shall not be larger than NBS'2%, (DN 6%). Where
bolted flanged joints are necessary, socket weld or
welding neck flanges shall be used. Gasket [materials
shall be suitable for thie-service. Compressign fittings
are prohibited. Where/the use of threaded joints is
unavoidable, all of the following requirements shall be
met:
(1) The-pipe thickness shall be not less than extra
strong, regardless of pressure or type of matgrial.
(2)\In"addition to the provisions of para|122.8(b),
threaded joints and compression fittings mal be used
at connections to refillable storage containers(and asso-
clated pressure regulators, shutoff valves, pumps, and
meters to a maximum pressure of 50 psig|[345 kPa
(gage)], provided the size does not exceed NPS 2 (DN 50).
(3) Threaded joints shall be assembled carefully to
ensure leak tightness. The requirements of para. 135.5
shall be met. A thread sealant, suitable for the service,
shall be used unless the joint is to be seal w¢lded or a
gasket or O-ring is used to provide sealing at{ a surface
other than the threads.
(d) Steel valves shall be used. Bonnet jdints with
tapered threads are not permitted. Special confideration
shall be given to valve design to prevent stem |eakage to
the environment. Bonnet or cover plate closuregand other
body joints shall be one of the following types:
(1) union
(2) flanged with suitable gasketing and sequred by at
least four bolts
(3) proprietary, attached by bolts, lugs| or other
substantial means, and having a design that|increases
gasket compression as fluid pressure increases

serious illness through contact, inhalation, ingestion, or
absorption through any body surface. It shall be the
designers’ responsibility to adopt the safety precautions
published by the relevant fluid industry, which may be
more stringent than those described in this Code for
toxic fluids. In addition, the piping shall be installed in
such a manner that will minimize the possibility of
damage from external sources.

(4] threaded with straight threads sufficient for
mechanical strength, metal-to-metal seats, and a seal
weld made in accordance with para. 127.4.5, all acting
in series

(e) Tubing not larger than % in. (16 mm) 0.D. with
socket welding fittings may be used to connect instru-
ments to the process line. An accessible root valve
shall be provided at the process lines to permit isolating
the tubing from the process piping. The layout and
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mounting of tubing shall minimize vibration and exposure
to possible damage.

(f) The provisions of para. 102.2.4 are not permitted.
The simplified rules for analysis in para. 119.7.1(a)(3) are
not permitted. The piping system shall be designed to
minimize impact and shock loads. Suitable dynamic
analysis shall be made where necessary to avoid or mini-
mize vibration, pulsation, or resonance effects in the
piping. The designer is cautioned to consider the possi-

122.10 Temporary Piping Systems

Prior to test and operation of the power plant and its
included piping systems, most power and auxiliary service
piping are subjected to flushing or chemical cleaning to
remove internal foreign material such as rust particles,
scale, welding or brazing residue, and dirt, which may
have accumulated within the piping during the construc-
tion period. This Code does not address the flushing or
cleaning operations. Temporary piping, i.e., piping

bntire range of temperatures to which it may
ed.

over the
be subjec

(g) For dry chlorine service between -20°F (-29°C)
and 300°F (149°C), the pipe material shall not be less
in thickngss than seamless extra strong steel.

(h) ToAic fluid piping shall be pneumatic leak tested in
accordande with para. 137.5. Alternatively, mass spectro-
meter or [halide leak testing in accordance with para.
137.6, anfl a hydrostatic test in accordance with para.
137.3 may be performed.

(i) Whgre it is not possible to avoid venting toxic gases
(such as gdischarges from safety relief devices where
containment is impractical), vent lines shall be routed
in such a way as to avoid exposing personnel to hazardous
concentrations while venting. Each toxic gas vent point
shall be jubjected to a hazard analysis that requires
owner approval. The hazard analysis shall address the
following;

(1) dissipation of the toxic gases

(2) avoiding exposing personnel to toxic concentra-
tions by yent point location, by evacuation, by use of
appropripte personal protective equipment; 01°by
other megns

(3) foreign objects propelled by venting

(4) dhilling effect from the venting ‘operation [see
para. 122]8.1(a)]

122.8.3[ Nonflammable NontoXic Gas

(a) Pipjng for nonflammable‘and nontoxic gases, such
as air, oxyjgen, carbon dioxide,'and nitrogen, shall comply
with the lequirements of«this Code, except as otherwise
permitted|in (b). The designer is cautioned of the extreme
chilling effect during'rapid expansion. This is a factor for
determin]
relative tg

attached to the permanent piping system whose function
is to provide means for introducing and remadving the
fluids used in the flushing or cleaning openations) shall
be designed and constructed to withstarid the operating
conditions during flushing and cleaning. The follgpwing
minimum requirements shall apply to temp¢rary
piping systems:

(a) Each such system shall be'd@nalyzed for comp
with para. 103.

(b) Connections for temporary piping to the permpnent
piping systems that aye\intended to remain shall meet the
design and constriiction requirements of the permpnent
system to whieh\they are attached.

(c) The temporary systems shall be supported
that forceshand moments due to static, dynamig
expansjen loadings will not be transferred in an unag¢cept-
able.hanner to the connected permanent piping system.
Patagraphs 120 and 121 shall be used as guidance fpr the
design of the temporary piping system’s suppqrting
elements.

(d) The temporary systems shall be capable of [with-
standing the cyclic loadings that occur during the flyshing
and cleaning operations. Particular attention shall be
given to the effects of large thrust forces that mpy be
generated during high-velocity blowing cycles. Where
steam piping is to be subjected to high-velpcity
blowing operations, continuous or automatic drdining
of trapped or potentially trapped water within the
system shall be incorporated. Supports at the exhaust
terminals of blowdown piping shall provide for resftraint
of potential pipe whip.

(e) Where necessary, temporary systems contdining
cast iron or carbon steel material subject to chemical
cleaning shall be prewarmed to avoid the potential for

iance

such
, and

ng the lowest expected service temperature brittle failure of the material
the bI:lt.tle fracture of the .mate'rlz.ll selected. (f) Where temporary piping has been installed find it
(b) Thijeaded joints and compression fittings may be g .c nos comnty itk tha raouivements of this Codle for
deesnotcomply with the requirements of this G

used subject to the conditions of para. 122.8(b).

122.9 Piping for Corrosive Liquids and Gases

Where it is necessary to use special material, such as
glass, plastics, or metallic piping lined with nonmetals, not
listed in Table 126.1-1, for conveying corrosive or hazard-
ous liquids and gases, the design shall meet the require-
ments of para. 104.7.
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permanent piping systems, it shall be physically removed
or separated from the permanent piping to which it is
attached prior to testing of the permanent piping
system and prior to plant startup.

122.11 Steam Trap Piping

122.11.1 Drip Lines. Drip lines from piping or equip-
ment operating at different pressures shall not be
connected to discharge through the same trap.
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122.11.2 Discharge Piping. Trap discharge piping shall
be designed to the same pressure as the inlet piping unless
the discharge is vented to atmosphere or is operated
under low pressure and has no stop valves. In no case
shall the design pressure of trap discharge piping be
less than the maximum discharge pressure to which it
may be subjected. Where two or more traps discharge
into the same header, a stop valve shall be provided in
the discharge line from each trap. Where the pressure

(c) during uncontrolled transients of pressure or
temperature

122.14 District Heating and Steam Distribution
Systems

122.14.1 General. Where pressure-reducing valves are
used, one or more pressure-relieving valves or devices
shall be provided on the low pressure side of the
system. Otherwise, the piping and equipment on the

in the-disehar piping-ean-exceed-thepressureinthe
inlet piping, a check valve shall be provided in the trap
dischprge line. A check valve is not required if either
the sfop valve or the steam trap is designed to automa-
tically preventreverse flow and is capable of withstanding
a reverse differential pressure equal to the design pres-

sure ¢f the discharge piping.

122.32 Exhaust and Pump Suction Piping

Exhaust and pump suction lines for any service and
pressure shall have pressure-relieving valves or
devices of suitable size unless the lines and attached
equigment are designed for the maximum pressure to
which they may accidentally or otherwise be subjected,
or unless a suitable alarm indicator, such as a whistle
or fr¢e blowing pressure-relieving valve, is installed
where it will warn the operator.

122.13 Pump Discharge Piping

Pump discharge piping from the pump up to_and
includling the valve normally used for isolation ot flow
contrpl shall be designed for the maximum sustained pres-
sure ¢xerted by the pump and for the highest\coincident
fluid femperature, as a minimum. Variations“in pressure
and t¢mperature due to occasional inadvertent operation
are p¢rmitted as limited in para. 102.2.4 under any of the
following conditions:

(a)| during operation of ovérpressure relieving valves
desighed to protect the piping system and the attached
equipment

(b)] during a shortperiod of abnormal operation, such
as pump overspeed

low pressure side of the system shall be designed to with-
stand the upstream design pressure. The pressure-
relieving valves or devices shall be loeated adjoining or
as close as practicable to the reducingvalve. The|combined
relieving capacity provided shall be such that the design
pressure of the low pressure system will not be gxceeded if
the reducing valve fails open.

122.14.2 Alternative‘Systems. In district h¢ating and
steam distribution systéms where the steam| pressure
does not exceed 400 psi (2750 kPa) and where the
use of pressure-relieving valves or devices as|described
in para. 122-4.1 is not feasible (e.g., because there is no
acceptablé discharge location for the vent piping), alter-
native 'designs may be substituted for relief|valves or
deviees! In either case, it is recommended that alarms
be(provided that will reliably warn the operator of
failure of any pressure-reducing valve.

(a) Tandem Steam Pressure-Reducing Valvds. Two or
more steam pressure-reducing valves capable of indepen-
dent operation may be installed in series, each set at or
below the safe working pressure of the equigment and
piping system served. In this case, no relief valve or
device is required.

Each pressure-reducing valve shall have the|capability
of closing off against full line pressure, and of dontrolling
the reduced pressure at or below the design pfessure of
the low pressure system, if the other valve falls open.

(b) Trip Stop Valves. A trip stop steam valve det to close
ator below the design pressure of the low pressyre system
may be used in place of a second reducing valvejor a relief
valve.
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Chapter Il
Materials

123 GENERAL REQUIREMENTS

Chapter III contains limitations and required qualifica-
tions for npaterials based on their inherent properties. Use
of these materials in piping systems is also subject to re-
quirements and limitations in other parts of this Code.

123.1 Materials and Specifications

123.1.1 Listed Materials. Material meeting the
following fequirements shall be considered listed and ac-
ceptable material:

(a) Materials for which allowable stress values are
listed in |Mandatory Appendix A or that have been
approved|by the procedure established by (c).

(b) A njaterial conforming to a specification for which
allowable|stresses are not listed in Mandatory Appendix A
is acceptaple provided its use is not specifically prohibited
by this Cdde Section and it satisfies one of the following
requirements:

(1) 1t is referenced in a standard listed in
Table 12[6.1-1. Such a material shall be used only
within the scope of and in the product form covered
by the referencing standard listed in Table 126:1x1.

(2) tisreferenced in other parts of this Code Section
and shall|be used only within the scope.of-and in the
product form permitted by the referencing text.

(c) Theg ASME B31.1 Committee considers requests for
adoption of new materials desired\by the owner/user or
fabricator} manufacturer, installer,Jor assembler of piping
or piping ¢omponents constructed to the Code. Where it is
desired to use materials that-are not currently acceptable
under the|rules of this(Code Section, written application
shall be made to the*Committee fully describing the
proposed [materialithe user need, and the contemplated

application and range of service temperaturesfar the
material. In determining whether a materiakshoyld be
permitted to be used in BEP, the ASME B31.1.Comrpittee
will consider the following and other pertinent fagtors:
(-a) whether the material is permitted to bg used

by ASME BPVC, Section |
(-b) whether the material is essentially the|same

as amaterial permitted to be used by ASME BPVC, Se¢tion I
(-c) the experience hase for the use of the mdterial

(-d) whether the ‘material is seam welded with

filler metal added,(seam-welded pipe with filler pnetal
added is generallynot permitted)
(-e) whether the material is intended for yse in
water-wetted seérvice and is austenitic stainless steel (aus-
tenitic stdinless steels are generally not permitted in
water-wetted service)
(3) Such material shall not be considered listeld and
notbe used as a listed material until it has been appfoved
by the Committee and allowable stress values have been
published in Mandatory Appendix A.
(d) Materials conformingto ASME SA or ASME SB §peci-
fications may be used interchangeably with magerial
specified to the listed ASTM A or ASTM B specifications
of the same number, except where the requiremepts of
para. 123.2.2 apply.
(e) The tabulated stress values in Mandjtory
Appendix A that are shown in italics are at tempergtures
in the range where creep and stress rupture strength
govern the selection of stresses.

123.1.2 Unlisted Materials. Materials other than|those
meeting the requirements of para. 123.1.1 shall be c¢nsid-
ered unlisted materials. Materials permitted in a B31.1
Code Case accepted by the owner may be used in accor-
dance with the requirements of the Code Case. Dther
ernal
uire-

use. unlisted materials may only be used for nonboiler ex
(1) Details of information that should be included in piping provided they satisfy all of the following re
such applications are given in ASME BPVC; Sectiom I, Part ments:

D, Mandatory Appendix 5.

(2) Ifitis desired that the material be permitted for
use in Boiler External Piping (BEP), this should be noted in
the request. The request should indicate whether the
material is currently permitted for use by ASME BPVC,
Section I or an ASME BPVC, Section I Code Case and
whether a request has been made or will be made to
the Section I Committee to consider permitting the use
of the material. The request shall indicate the intended
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(a) Unlisted materials are certified by the material
manufacturer to satisfy the requirements of a specification
listed in any Code Section of ASME B31 Code for Pressure
Piping; ASME BPVC, Section II, Part D; or to a published
specification covering chemistry, physical and mechanical
properties, method and process of manufacture, heat
treatment, and quality control.

(24)


https://asmenormdoc.com/api2/?name=ASME B31.1 2024.pdf

ASME B31.1-2024

(b) The allowable stresses of the unlisted materials
shall be determined in accordance with the rules of
para. 102.3.1(c).

(c) Unlisted materials shall be qualified for service
within a stated range of minimum and maximum tempera-
tures based on data associated with successful experience,
tests, or analysis, or a combination thereof. See
para. 124.1.2 for minimum service temperature qualifica-
tions.

123.2 Piping Components

123.2.1 General. Materials that do not comply with the
rules of para. 123.1 may be used for flared, flareless, and
compression type tubing fittings, provided that the re-
quirements of para. 115 are met.

123.2.2 Boiler External Piping

(a) Materials for boiler external piping, as defined in

(d)Fhe—designershall-document-the-owners-aceep para. 100.1.2(a), shall be specified in accordance with
tancel for use of unlisted material. ASME SA, ASME SB, or ASME SFA specification$. Material
(e)| All other requirements of this Code are satisfied. produced under an ASTM specification\may be used,

. provided that the requirements of the ASTM specification

123.1.3 Unknown Materials. Materials of unknown are identical or more stringent than'the ASME]|specifica-

speci
pipin

123
of siz
speci
mate
of th
given

123
prody

than
multi

fication shall not be used for pressure-containing
b components.

.1.5 Size or Thickness. Materials outside the limits
e or thickness given in the title or scope clause of any
ication listed in Table 126.1-1 may be used if the
ial is in compliance with the other requirements
e specification and no other similar limitation is
in the rules for construction.

.1.6 Marking of Materials or Products. Materials or
cts marked as meeting the requirements for more
ne grade, type, or alloy of a material specification or
ple specifications are acceptable provided

(a)| at least one of the multiple markings includes a
material specification, grade, class, and type or alloy of
the nlaterial selected by the designer; the selected mate-
rial i permitted by this Code; and the selected matetrial
meet§ all the requirements of that specification

(b)| only the appropriate design values, including allow-
able gtress, for the selected material from-Mandatory
Appepdices A through C are used

(c)|the multiple markings meet the'guidelines set outin
ASMH BPVC, Section 1], Part D, Mandatory Appendix 7

(d)| all other requirements of this Code are satisfied for
the s¢lected material

123.1.7 Materials Manufactured to Other Specifica-
tion Editions. Materidls may meet the requirements of
matefial specification editions other than the editions
listed| in Mandatory Appendix F provided

(a)| the matefials are the same specification, grade,
type, class,-or alloy, and heat-treated condition, as appli-
cable

tion for the grade, class, or typeyproduced. The material
manufacturer or component dianufacturer shpll certify,
with evidence acceptabledto the Authorized |[nspector,
that the ASME specification requirements Have been
met. Materials produced to ASME or ASTM matgrial speci-
fications are not limifed as to country of origin.

(b) Materials that are not fully identified shall comply
with ASME BPYC, Section I, PG-10.

(c) In addition to materials listed in Mandatgry Appen-
dix A without Note (1), materials that are listefl in ASME
BPVG,\Section I may be used in boiler exterrjal piping.
When such Section I materials are used, the [allowable
stresses shall be those listed in ASME BPVC, Bection I,
Part D, Tables 1A and 1B applicable to Sectiion I. For
these Section I materials, the applicable reqliirements
in Tables 1A and 1B, and Section I, PG-5 thfough PG-
13, PW-5, PWT-5, PMB-5, and PEB-5 shall be [met.

123.3 Pipe-Supporting Elements

Materials used for pipe-supporting elements shall be
suitable for the service and shall comply with the require-
ments of para. 121.2(c), para. 121.7.2(c), para. 121.7.2(d),
para. 123.1, or MSS SP-58. When using MSS $P-58, the
allowable stresses for unlisted materials shalll be estab-
lished in accordance with the rules of para. 102.3.1(c)
of ASME B31.1 in lieu of MSS SP-58.

123.4 Longitudinal-Welded or Spiral-Welded Pipe
With Filler Metal Added

fart of the
the noni-

(a) For the purposes of para. 104.1.1, the s
creep range is the highest temperature where

(b) the material tensile and yield strengths shall be
compared and any differences shall be evaluated. If the
material has a lower strength than required by the
edition of the specification in Mandatory Appendix F,
the effect of the reduction on the allowable stress and
the design shall be reconciled.
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tattcizedstress—valwesenmd-imMamdatory Appendix A.

(b) All welds in longitudinal-welded or spiral-welded
pipe operating in the creep range shall receive and pass a
100% volumetric examination (RT or UT) per the appli-
cable material specification or in accordance with
para. 136.4.5 or para. 136.4.6 and Table 136.4.1-1, or
the joint efficiency factor (used as a multiplier to the
weld strength reduction factor) from Table 102.4.7-1
shall be used.
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124 LIMITATIONS ON MATERIALS

124.1 Temperature Limitations

124.1.1 Upper Temperature Limits. The materials
listed in the Allowable Stress Tables,Tables A-1
through A-10, Mandatory Appendix A, shall not be
used at design temperatures above those for which
stress values are given except as permitted by para.
122.6.2(g).

Materials containing at least 0.1% chromium are consid-
ered to be less susceptible to FAC, and these steels will
exhibit increasing resistance to FAC as chromium
content is increased. Additional information regarding
FAC is provided in Nonmandatory Appendix IV.

124.4 Gray Cast Iron

The low ductility of cast gray iron may result in sudden
failure if shock loading (pressure, temperature, or

124.1.2

(a) Th¢ designer shall give consideration to the possi-
bility of bfrittle fracture at low service temperature.
(b) Th¢ requirements of ASME B31T shall be met.

(1) For materials listed in ASME B31T, see
Nonmandptory Appendix VIII for guidelines to determine
if low-tenyperature service requirements apply.

(2) Hor materials not listed in ASME B31T, the
designer phall establish the T-number group using the
guidelinds provided in ASME B31T, Nonmandatory
Appendix B, and the requirements of ASME B31T for
that T-number group shall be met. To confirm the T-
number group assignment, impact tests shall be run on
three heatfs of the material. The test shall be in accordance
with the requirements of section 4 of ASME B31T, and the
test temperature shall be at or below the “Material
Minimum| Temperature Without Impacts” listed for the
T-numbei| group in Table 3.1-1 of ASME B31T.

Lower Temperature Limits

124.2 Steel

(a) Upgn prolonged exposure to temperatures.above
800°F (437°C), the carbide phase of plain carbon’steel,
carbon-molybdenum steel, plain nickel alloy steel,
carbon-manganese alloy steel, manganése-vanadium
alloy steel, and carbon-silicon steel /may be converted
to graphife.

(b) Upgn prolonged exposure-to-temperatures above
875°F (468°C), the carbide phase of alloy steels, such
as manggnese-molybdenum-~vanadium, manganese-
chromium-vanadium, and-chromium-vanadium, may
be converfted to graphite!

(c) Carpon or alloy:steel having carbon content of more
than 0.35% shall net’be used in welded construction or be
shaped by antexygen cutting process or other thermal
cutting prjocesses.

mechanical] should occur. Possible shock Toadings and
consequences of failure shall be considered before speci-
fying the use of such material. Cast iron compohents may
be used within the nonshock pressune-temperpture
ratings established by the standards jand specifications
herein and in para. 105.2.1(b). Castings to ASME SA-
278 and ASTM A278 shall have nfaximum limits df 250
psig [1725 kPa (gage)] and 450°F (232°C).

The following referenced ‘paragraphs prohil
restrict the use of gray castiiron for certain applic
or to certain pressure=temperature ratings:

it or
tions

Pipe supports

BEP blowoff

BEP blowdowhn

BEP valves and fittings

121.7.2(c)

122.1.4(a)(3)
122.1.4(b)(3)

122.1.7

122.1.7(c)(5), 122.1.7(c
122.2(a)(1)

122.2(a)(2)

122.7.2(a), 122.7.2(b), 122.7.4
122.8.1(b), 122.8.1(c)
122.8.2(b), 122.8.2(d)

Blowoff\walves
Non-BEP blowoff
Non-BEP blowdown

Flammable or combustible liquids

(6)

Flammable gases

Toxic gases or liquids

124.5 Malleable Iron

Certain types of malleable iron have low ductility|char-
acteristics and may be subject to brittle fracture. Malleable
iron may be used for design conditions not to exceed 350
psig [2415 kPa (gage)] or 450°F (232°C).

The following referenced paragraphs prohil
restrict the use of malleable iron for certain applic
or to certain pressure-temperature ratings:

it or
tions

Pipe supports
BEP blowoff
BEP blowdown

121.7.2(d)
122.1.4(a)(3)
122.1.4(b)(3)

(d) Where low alloy 2%,% chromium steels are used at
temperatures above 850°F (454°C), the carbon content of
the base material and weld filler metal shall be 0.05% or
higher.

(e) Carbon and low alloy steels may be susceptible to
flow-accelerated corrosion (FAC, also referred to as flow-
assisted corrosion) under certain conditions, which might
include rapid or turbulent single- or two-phase flow, low
pH, low oxygen concentration, and temperatures in the
range of approximately 200°F (93°C) to 500°F (260°C).
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Non-BEP blowoff
Non-BEP blowdown

Flammable or combustible liquids

122.2(a)(1)
122.2(a)(2)

122.7.2(a), 122.7.2(b),
122.7.4

122.8.1(b), 122.8.1(c)
122.8.2(b), 122.8.2(d)

Flammable gases

Toxic gases or liquids


https://asmenormdoc.com/api2/?name=ASME B31.1 2024.pdf

ASME B31.1-2024

124.6 Ductile (Nodular) Iron

Ductile iron components complying with ANSI/AWWA
C110/A21.10, ANSI/AWWA C115/A21.15, ANSI/AWWA
C151/A21.51, or ANSI/AWWA C153/A21.53 may be
used for water and other nontoxic, nonflammable
service, with pressure limits as specified in those stan-
dards and temperature limits as specified in
para. 106.1(e). These components may not be used for
boiler external piping.

124.8 Cladding and Lining Materials

Materials with cladding or lining may be used, provided
that

(a) thebase material is an approved Code material. The
allowable stress used shall be that of the base metal at the
design temperature.

(b) the cladding or lining is a material that in the judg-
ment of the user is suitable for the intended service, and
the cladding/lining and its method of application do not

Dugtile (nodular) iron components conforming to ASME
B16.42 may be used for services including boiler external
piping under the following conditions:

(a)| Components for boiler external piping shall be used
only within the following limitations:

7) Only ASME SA-395 material may be used.

?) Design pressure shall not exceed 350 psig [2415
kPa (gage)].

3) Design temperature shall not exceed 450°F
(23290).

(b)| Welding shall not be used, either in fabrication of
the cmponents or in their assembly as a part of a piping
system.

(c)| The following referenced paragraphs prohibit or
restrict the use of ductile iron for certain applications
or to[certain pressure-temperature ratings:

BEP blowoff 122.1.4(a)(3)
BEP blowdown 122.1.4(b)(3)
BEP blowoff valves 122.1.7(c)(5), 122.1.7(c)(6)

Non-BEP blowoff

Non-BEP blowdown

122.2(a)(1)

122.2(a)(2)

122.7.2(a), 122:7:2(b), 122.7.4
122.8.1(b), 122:8.1(c)

Flamnjable or combustible liquids

Flamnfable gases

Toxic gases or liquids 122.8.2(b),122.8.2(d)
Pipe swpports 123.3
124.7 Nonferrous Metals
Nopferrous metals niay:be used in piping systems under

the fdllowing conditiéns:

(a)] The melting’/points of copper, copper alloys,
aluminum, and.aluminum alloys shall be considered, parti-
cularly where'there is a fire hazard.

(b)| The designer shall consider the possibility of
galvalni€ corrosion when combinations of dissimilar

detract from the serviceability of the base malterial.
(c) bending procedures are such that damaging or
detrimental thinning of the cladding material is prevented.
(d) welding and the inspection of welds if in accor-
dance with the provisions of Chapters V and|VI of this
Code.
(e) the thickness of thescladding is not credited for
structural strength in the\piping design.

124.9 Nonmetallic-Pipe

This Code recognizes the existence of a wide|variety of
nonmetallicpiping materials that may be used ir] corrosive
(either interhal or external) or other specializgd applica-
tions. Extreme care shall be taken in their selection, as
theirdesign properties vary greatly and depend on the
madterial, type, and grade. Particular considergtion shall
be given to

(a) possible destruction where fire hazard if involved

(b) possible decrease in tensile strength at slight
increase in temperature

(c) effects of toxicity

(d) requirements for providing adequate st
flexible pipe

Rules and service limitations for plastic and ¢lastomer-
based piping materials, including thermoplastic and rein-
forced thermosetting resins, are given in Mandatory
Appendix N.

pport for

124.10 Deterioration of Materials in Seryice

Itis the responsibility of the designer to select materials
suitable for the intended application. Guidelines|and infor-
mation related to corrosion, corrosion proteftion, and
potential damage mechanisms other than corrosion are
provided in Nonmandatory Appendices IV and V.

124.11 Gaskets

metals, such as copper, aluminum, and their alloys, are
used in conjunction with each other or with steel or
other metals in the presence of an electrolyte.

(c) Threaded Connections. A suitable thread compound
shall be used in making up threaded joints in aluminum
pipe to prevent seizing that might cause leakage and
perhaps prevent disassembly. Pipe in the annealed
temper should not be threaded.
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Limitations on gasket materials are covered in
para. 108.4.

124.12 Bolting

Limitations on bolting materials are covered in
para. 108.5.
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125 CREEP STRENGTH ENHANCED FERRITIC
MATERIALS

125.1 Requirements for ASTM A217, Grade C12A
and ASTM A1091, Grade C91 Castings

125.1.1 Required Examinations. The casting shall be
examined in accordance with the requirements of
para. 102.4.6(b).

Alternatively, castings for valves may be examined in

125.1.3 Weld Repair Requirements

(a) Weld repairs to castings shall be made with one of
the following welding processes and consumables:
(1) SMAW, ASME SFA-5.5/SFA-5.5M E90XX-B9
(2) SAW, ASME SFA-5.23/SFA-5.23M EB9 + neutral
flux
(3) GTAW, ASME SFA-5.28/SFA-5.28M ER90S-B9
(4) FCAW, ASME SFA-5.29/SFA-5.29M E91T1-B9
In addition, the Ni + Mn content of all welding

accordange with the requirements of ASME B16.34 for
special class valves.

125.1.2

(a) The material shall be austenitized within the
temperathire range of 1,900°F to 1,975°F (1040°C to
1080°C), [followed by air or accelerated cooling® to a
temperatjure of 200°F (95°C) or below, followed by
tempering within a range of 1,350°F to 1,470°F (730°C
to 800°C)} However, if a major weld repair, as defined
in ASTM A217, para. 9.4 or ASTM A1091, para. 10.3.4,
as applidable, is made after the austenitizing and
tempering heat treatment, then a new austenitizing
and tempering heat treatment in accordance with the re-
quirements of this subparagraph shall be carried out.

(b) Wheen heattreating single castings, compliance with
the speciffed temperature range shall be verified by ther-
mocouplef placed directly on the casting. For castings that
are heat treated in batches, compliance with the specified
tempera‘:£re range shall be verified by thermocouples

Heat Treatment Requirements

placed on selected castings in each heat treatment
batch. Thle number and location of thermocouples to
be placed on each casting, or on each heat tfeatment
batch of rastings, for verification of heattreatment
shall be ps agreed between the purchaser and the
producery. A record of the final austenitizing and
tempering heat treatment, and any subsequent subcritical
heattreatment, to include both the number and location of
thermocopples applied to each casting, or to each heat
treatmenft batch of castings;y/shall be prepared and
made availlable to the purchaser. In addition, all heat treat-
ment temperatures and ¢ycle times for the final austeni-
tizing and|temperingheat treatment, and any subsequent
subcritical] heat tireatment, shall be shown on the certifi-
cation reporty

(c) Theghardness of the cast material after the final heat

consumables shall not exceed 1.0%.

(b) Weld repairs to castings as part of material hanu-
facture shall be made with welding proceduref and
welders qualified in accordance with ASME BPVC,
Section IX.

(c) All weld repairs shall be recerded with respgct to
their location on the casting. Forall major weld repaijirs, as
defined in ASTM A217, para. 94’or ASTM A1091,|para.
10.3.4, as applicable, the record shall include a descr{ption
of the length, width, and depth of the repair. Suppl¢men-
tary Requirement S12.0fASTM A703 shall apply. Forf weld
repairs performed_as part of material manufacturg, the
documentation.shall be included with the Materia] Test
Report. For weéld repairs performed on components for
boiler external piping by the Manufacturer, docunjenta-
tion shall*be included with the Manufacturer’s| Data
Report:

125.1.4 Overheating Requirements. If, durinlg the
manufacturing, any portion of the component is hieated
to a temperature greater than 1,470°F (800°C), then
the component shall be reaustenitized and retempered
in its entirety in accordance with para. 125.1.2, of that
portion of the component heated above 1,470°F
(800°C), including the heat-affected zone creatgd by
the local heating, shall be replaced or shdll be
removed, reaustenitized, retempered, and then replaced
in the component.

125.1.5 Certification Requirements. A manufactpirer’s
test report meeting certification requirements of ASTM
A703 shall be provided.

125.2 Grade 91 Welding Consumables

With the exception of repair welds to castings$ [see
para. 125.1.3(a)], the Ni + Mn content of Gradle 91
welding consumables (AWS B9, EV CrMo91, etc.)| shall

treatment (including PWHT]J shall be Brinell hardness
number 185 to 248 or Rockwell B90 to C25. Hardness
testing shall be in accordance with Supplementary
Requirement S13 of ASTM A217 or ASTM A1091, as ap-
plicable.

1 To facilitate complete transformation to martensite after the auste-
nitizing, cooling should be as uniform as possible.
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TIOT exceed 1.29% When used to Wetd P-No. 15E, Group
1 materials. Nickel-based welding consumables (AWS
ERNiCr-3, ENiCrFe-2, etc.) are not required to meet the
Ni + Mn content limitation and may be used in conjunction
with the PWHT limits listed in Table 132.1.1-1, Note (7).

(24)
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Chapter IV
Reference Specifications, Codes, and Standards

126 SPECIFICATIONS AND STANDARDS FOR

TANDARD AND NONSTANDARD PIPING
OMPONENTS

126.1 Standard Piping Components

Stajndard piping components shall comply with the

stand
accor

126.2

Wh
accor
stand|
when|

126.3

Th
refer
listed

ards and specifications listed in Table 126.1-1 in
Hance with para. 100.

Nonstandard Piping Components

en nonstandard piping components are designed in
dance with para. 104, adherence to dimensional
ards of ANSI and ASME is strongly recommended
practicable.

Referenced Documents

e documents listed in Table 126.1-1 may contain
ences to codes, standards, or specifications not
in this table. Such unlisted codes, standards) or

specifications are to be used only in the contlext of the

listed documents in which they appear.

Where documents listed in Table 126.1-
design rules that are in conflict with this
design rules of this Code shall govern.

The fabrication, assembly, ekamination, insp4
testing requirements of Chapters V and VI ap
construction of pipingssystems. These requ
are not applicable to_piping components man
in accordance withh the documents listed
126.1-1 unless specifically so stated.

126.4 Other’'Documents

Table\126.1-1 may contain references to cg
dards, or specifications not referenced elsq
this’Code. Compliance with these codes, stay
specifications is permissible when the rules don
with this Code.

1 contain
Code, the

ction, and
ply to the
irements
ufactured
in Table

des, stan-
where in
dards, or
ot conflict
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Table 126.1-1
Specifications and Standards

Designator Title
AISC Publication
Manual of Steel Construction Allowable Stress Design
American National Standard
7223.1 National Fuel Gas Code (ANSI/NFPA 54)
API Specifications
5L Line Pipe
570 Piping Inspection Code: In-Service Inspection, Rating, Repair, and Alteration of Piping Systems
571 Damage Mechanisms Affecting Fixed Equipment in the Refining Industry
574 Inspection Practices for Piping System Components, Fourth Edition
ASCE Standard
ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other Structurés
ASME Codes and Standards
B1.1 Unified Inch Screw Threads
B1.13M Metric Screw Threads — M Profile
B1.20.1 Pipe Threads, General Purpose (Inch)
B1.20.3 Dryseal Pipe Threads (Inch)
B16.1 Gray Iron Pipe Flanges and Flanged Fittings — Classes(25; 125, and 250
B16.3 Malleable Iron Threaded Fittings
B16.4 Gray Iron Threaded Fittings
B16.5 Pipe Flanges and Flanged Fittings
B16.9 Factory-Made Wrought Buttwelding Fittings
B16.10 Face-to-Face and End-to-End Dimensions of Valves
B16.11 Forged Fittings, Socket-Welding and*Threaded
B16.14 Ferrous Pipe Plugs, Bushings, and Locknuts With Pipe Threads
B16.15 Cast Bronze Threaded Fittings, Classes 125 and 250
B16.18 Cast Copper Alloy Solder-Joint Pressure Fittings
B16.20 Metallic Gaskets for Pipe Flanges — Ring Joint, Spiral Wound, and Jacketed
B16.21 Nonmetallic Flat'\Gaskets for Pipe Flanges
B16.22 Wrought Copper and Copper Alloy Solder Joint Pressure Fittings
B16.24 Cast Copper Alloy Pipe Flanges and Flanged Fittings — Class 150, 300, 400, 600, 900, 1500, and 2500
B16.25 Butt"Welding Ends
B16.26 Gast Copper Alloy Fittings for Flared Copper Tubes
B16.34 Valves — Flanged, Threaded, and Welding End
B16.36 Orifice Flanges
B16.42 Ductile Iron Pipe Flanges and Flanged Fittings — Classes 150 and 300
B16.47 Large Diameter Steel Flanges
B16.48 Steel Line Blanks
B16.50 Wrought Copper and Copper Alloy Braze-Joint Pressure Fittings
B16.51 Copper and Copper Alloy Press-Connect Pressure Fittings
B18.2.1 Square and Hex Bolts and Screws — Inch Series
B18.2.2 Square and Hex Nuts (Inch Series)
B18.2.3.5M Metric Hex Bolts
B18.2.3.6M Metric Heavy Hex Bolts
B18.2.4.6M Hex Nuts, Heavy, Metric
B18.21.1 Lock Washers (Inch Series)
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Table 126.1-1
Specifications and Standards (Cont’d)

Designator Title
ASME Codes and Standards (Cont’d)
B18.22M Washers, Metric Plain
B18.22.1 [Note (1)]  Plain Washers
B18.31.1M Metric Continuous and Double-End Studs
B18.31.2 Continuous Thread Stud, Double-End Stud, and Flange Bolting Stud (Stud Bolt) (Inch Series)
B31.3 Process—Piping
B31.4 Pipeline Transportation Systems for Liquids and Slurries
B31.8 Gas Transmission and Distribution Piping Systems
B31.1? Hydrogen Piping and Pipelines
B31E Standard for the Seismic Design and Retrofit of Above-Ground Piping Systems
B31j Stress Intensification Factors (i-Factors), Flexibility Factors (k-Factors), and Their Determination for Mefallic Piping
Components
B31P Standard Heat Treatments for Fabrication Processes
B31T Standard Toughness Requirements for Piping
B36.10M Welded and Seamless Wrought Steel Pipe
B36.19M Stainless Steel Pipe
BPVC Boiler and Pressure Vessel Code
TDP-1i Recommended Practices for the Prevention of Water Damage to,Steam Turbines Used for Electric Power Gg¢neration —
Fossil Fueled Plants
ASME Material Specification
SA/EN 10028-2 Flat Products Made of Steels for Pressure Purpodses Part 2: Non-Alloy and Alloy Steels With Specified Ejevated
Temperature Properties
ASNT Specifications
CP-18p ASNT Standard for Qualification and ‘€ertification of Nondestructive Testing Personnel
SNT-TC-1A ASNT Personnel Qualification -afnd Certification in Nondestructive Testing
ASTM Ferrous Material Specifications
Bolts,|Nuts, and Studs
A193/A193M Alloy-Steel and (Staitiless Steel Bolting for High Temperature or High Pressure Service and Other Special Purpose
Applications
A194 jA194M Carbon Sgeél,Alloy Steel, and Stainless Steel Nuts for Bolts for High Pressure or High Temperature Servjce, or Both
A307 Carbon, Steel Bolts, Studs, and Threaded Rod 60 000 psi Tensile Strength
A3204A320M Alloy~Steel and Stainless Steel Bolting for Low-Temperature Service
A354 Quenched and Tempered Alloy Steel Bolts, Studs and Other Externally-Threaded Fasteners
A437)A437M Stainless and Alloy-Steel Turbine-Type Bolting Specially Heat Treated for High Temperature Service
A449 Hex Cap Screws, Bolts, and Studs, Steel, Heat Treated, 120/105/90 ksi Minimum Tensile Strength, Gengral Use
A453 |A453M High-Temperature Bolting, With Expansion Coefficients Comparable to Austenitic Stainless Steels
F3125/F3125M High Strength Structural Bolts and Assemblies, Steel and Alloy Steel, Heat Treated, Inch Dimensions 120 ksifand 150 ksi

Castings
A47/A47TM
A48/A48M
Al126
A197/A197M
A216/A216M
A217/A217M
A278/A278M

Ferritic Malleable Iron Castings

Gray Iron Castings

Gray Iron Castings for Valves, Flanges, and Pipe Fittings

Cupola Malleable Iron

Steel Castings, Carbon Suitable for Fusion Welding, for High Temperature Service

Steel Castings, Martensitic Stainless and Alloy, for Pressure-Containing Parts, Suitable for High-Temperature Service

Gray Iron Castings for Pressure-Containing Parts for Temperatures Up to 650°F (350°C)
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Table 126.1-1
Specifications and Standards (Cont’d)

Designator Title
ASTM Ferrous Material Specifications (Cont’d)
A351/A351M Castings, Austenitic, for Pressure-Containing Parts
A389/A389M Steel Castings, Alloy, Specially Heat Treated for Pressure-Containing Parts, Suitable for High-Temperature Service
A395/A395M Ferritic Ductile Iron Pressure-Retaining Castings for Use at Elevated Temperatures
A536 Ductile Iron Castings

Steel-Castin

A1091/A1091M

Forgings
A105/A1094M
A181/A181M
A182/A183M

A336/A334M
A350/A35(M
A965/A964M

Cast Pipe
A377

A426/A424M
A451/A451M

Service

Carbon Steel Forgings for Piping Applications
Carbon Steel Forgings for General Purpose Piping

Forged or Rolled Alloy and Stainless Steel Pipe Flanges, Forged Fittings, and Valves and Pawts for High-Tempe
Service

Alloy Steel Forgings for Pressure and High-Temperature Parts
Carbon and Low-Alloy Steel Forgings Requiring Notch Toughness Testing for Piping Components

Steel Forgings, Austenitic, for Pressure and High Temperature Parts

Ductile Iron Pressure Pipe
Centrifugally Cast Ferritic Alloy Steel Pipe for High-Temperatube Service
Centrifugally Cast Austenitic Steel Pipe for High-Temperature Service

Seamless Ripe and Tube

A106/A104M
A179/A179M
A192/A19AM
A210/A214M
A213/A213M
A335/A334M
A369/A369M
A376/A374M

Seamless Carbon Steel Pipe for High-Temperature Service

Seamless Cold-Drawn Low-Carbon Steel Heat-Exchanger and Condenser Tubes

Seamless Carbon Steel Boiler Tubes fort High-Pressure Service

Seamless Medium-Carbon Steel Boiler-and Superheater Tubes

Seamless Ferritic and Austenitic*Alloy-Steel Boiler, Superheater, and Heat-Exchanger Tubes
Seamless Ferritic Alloy Steel\Pipe for High-Temperature Service

Carbon and Ferritic Allgy“Steel Forged and Bored Pipe for High-Temperature Service

Seamless Austenitic Steel Pipe for High-Temperature Service

Seamless gnd Welded Pipe and Tube

A53/A53M
A268/A264
A312/A317
A333/A333
A450/A45(
A530/A53(
A789/A789

M
M
M
M
M
M

Pipe, Steel\Black and Hot-Dipped, Zinc-Coated, Welded and Seamless

Seamless.and Welded Ferritic and Martensitic Stainless Steel Tubing for General Service

Seamless, Welded and Heavily Cold Worked Austenitic Stainless Steel Pipe

Seamless and Welded Steel Pipe for Low-Temperature Service and Other Applications with Required Notch Tou
General Requirements for Carbon and Low Alloy Steel Tubes

General Requirements for Specialized Carbon and Alloy Steel Pipe

rature

thness

Seamless and Welded Ferritic/Austenitic Stainless Steel Tubing for General Service

A790/A790M

Seamless and Welded Ferritic/Austenitic Stainless Steel Pipe

Welded Pipe and Tube

A134
A135/A135M
A139/A139M
A178/A178M
A214/A214M
A249/A249M

Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS 16 and Over)

Electric-Resistance-Welded Steel Pipe

Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Over)

Electric-Resistance-Welded Carbon and Carbon-Manganese Steel Boiler and Superheater Tubes
Electric-Resistance-Welded Carbon Steel Heat-Exchanger and Condenser Tubes

Welded Austenitic Steel Boiler, Superheater, Heat-Exchanger, and Condenser Tubes
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Table 126.1-1
Specifications and Standards (Cont’d)

Designator Title
ASTM Ferrous Material Specifications (Cont’d)
A254 Copper Brazed Steel Tubing
A358/A358M Electric-Fusion-Welded Austenitic Chromium-Nickel Stainless Steel Pipe for High-Temperature Service and General
Applications

A409/A409M Welded Large Diameter Austenitic Steel Pipe for Corrosive or High-Temperature Service
A587 Electric-Resistance-Welded Low-Carbon Steel Pipe for the Chemical Industry
A671/A671M Electric-Fusion-Welded Steel Pipe for Atmospheric and Lower Temperatures
A672)A672M Electric-Fusion-Welded Steel Pipe for High-Pressure Service at Moderate Temperatures
A691)A691M Carbon and Alloy Steel Pipe, Electric-Fusion-Welded for High-Pressure Service at High Temperatures
A928/A928M Ferritic/Austenitic (Duplex) Stainless Steel Pipe Electric Fusion Welded with Addition of Filler Metal
Fittings
A234/A234M Piping Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and High\Femperature Service
A403/A403M Wrought Austenitic Stainless Steel Piping Fittings
A420/A420M Piping Fittings of Wrought Carbon Steel and Alloy Steel for Low-Temperature Service
A815/A815M Wrought Ferritic, Ferritic/Austenitic, and Martensitic Stainless Steel Piping Fittings
Plate,|Sheet, and Strip
A240/A240M Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and General Applications
A283/A283M Low and Intermediate Tensile Strength Carbon Steel Rlates
A285/)A285M Pressure Vessel Plates, Carbon Steel, Low- and Intefimediate-Tensile Strength
A299/A299M Pressure Vessel Plates, Carbon Steel, Manganese=Silicon
A387/A387M Pressure Vessel Plates, Alloy Steel, Chromium=Molybdenum
A515/A515M Pressure Vessel Plates, Carbon Steel for Intérmediate- and Higher-Temperature Service
A516/A516M Pressure Vessel Plates, Carbon Steel, for Moderate- and Lower-Temperature Service
Rods,|Bars, and Shapes
A276/A276M Stainless Steel Bars and Shapes
A322 Steel Bars, Alloy, Standard‘Grades
A479)A479M Stainless Steel Bars and Shapes for Use in Boilers and Other Pressure Vessels
A564 jA564M Hot-Rolled and Cold-Finished Age-Hardening Stainless Steel Bars and Shapes
A575 Steel Bars, Carbon, Merchant Quality, M-Grades
A576 Steel Bats, Carbon, Hot-Wrought, Special Quality

Structural Components

A36/A36M Carbon Structural Steel
A125 Steel Springs, Helical, Heat Treated
A229)A229M Steel Wire, Quenched and Tempered for Mechanical Springs
A242A242M High-Strength Low Alloy Structural Steel
A992 fA992M Stractural-Steel-Shap
ASTM Nonferrous Material Specifications
Castings
B26/B26M Aluminum-Alloy Sand Castings
B61 Steam or Valve Bronze Castings
B62 Composition Bronze or Ounce Metal Castings
B108 Aluminum-Alloy Permanent Mold Castings
B148 Aluminum-Bronze Sand Castings
B367 Titanium and Titanium Alloy Castings
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Table 126.1-1
Specifications and Standards (Cont’d)

Designator Title
ASTM Nonferrous Material Specifications (Cont’d)

B584 Copper Alloy Sand Castings for General Applications

Forgings

B247, B247M Aluminum and Aluminum-Alloy Die Forgings, Hand Forgings, and Rolled Ring Forgings

B283/B283M— Copperand-Copper-Alloy-DieEorgings{Hot Pressed)

B381 Titanium and Titanium Alloy Forgings

B462 Forged or Rolled UNS N06030, N06022, N06035, N06200, N06059, N10362, N06686, N08020, N08024; N08026,
N08367,N10276,N10665,N10675,N10629,N08031, and N06045 Pipe Flanges, Forged Fittings, and Valves angl Parts
for Corrosive High-Temperature Service

B564 Nickel Alloy Forgings

Seamless Ripe and Tube

B42 Seamless Copper Pipe, Standard Sizes

B43 Seamless Red Brass Pipe, Standard Sizes

B68/B68M Seamless Copper Tube, Bright Annealed

B75 Seamless Copper Tube

B88/B88M Seamless Copper Water Tube

B111/B111M Copper and Copper-Alloy Seamless Condenser Tubes and Ferrule‘Stock

B161 Nickel Seamless Pipe and Tube

B163 Seamless Nickel and Nickel-Alloy (UNS N06845) Condenger and Heat-Exchanger Tubes

B165 Nickel-Copper Alloy (UNS N04400) Seamless Pipe and Tube

B167 Nickel-Chromium-Iron Alloys (UNS N06600, N066031; N06603, N06690, N06693, N06025, N06045, and N06496),
Nickel-Chromium-Cobalt-Molybdenum Alloy*(UNS N06617) and Nickel-Iron-Chromium-Tungsten Alloy (UNS
N06674) Seamless Pipe and Tube

B210/B21QM Aluminum and Aluminum Alloy Drawn Seamless Tubes

B234/B234M Aluminum and Aluminum-Alloy DrawarSeamless Tubes for Surface Condensers, Evaporators, and Heat Exchangers

B241/B241M Aluminum and Aluminum-Alloy Seamless Pipe and Seamless Extruded Tube

B251/B251M General Requirements for Wrouglt Seamless Copper and Copper-Alloy Tube

B280 Seamless Copper Tube for.Airr Conditioning and Refrigeration Field Service

B302 Threadless Copper Pipe, Standard Sizes

B315 Seamless Copper Alloy-Pipe and Tube

B407 Nickel-Iron-Chromium Alloy Seamless Pipe and Tube

B423 Nickel-Iron<Chromium-Molybdenum-Copper Alloy (UNS N08825, N08221, and N06845) Seamless Pipe and Tlube

B466/B464M Seamless-Copper-Nickel Pipe and Tube

B622 Seamless Nickel and Nickel-Cobalt Alloy Pipe and Tube

B677 UNS-N08925, UNS N08354, and UNS N08926 Seamless Pipe and Tube

B690 Iron-Nickel-Chromium-Molybdenum Alloys (UNS N08366 and UNS N08367) Seamless Pipe and Tube

B706 Standard Specification for Seamless Copper Alloy (UNS No. C69100) Pipe and Tube

B729 Seamless UNS N08020, UNS N08026, and UNS N08024 Nickel-Alloy Pipe and Tube

B861 TiLdlliul[l dllb‘l TiLdlliul[l A‘l‘lU_y DEdllliEbb Plpt‘

Seamless and Welded Pipe and Tube

B338
B444

Seamless and Welded Titanium and Titanium Alloy Tubes for Condensers and Heat Exchangers

Nickel-Chromium-Molybdenum-Columbium Alloy (UNS N06625 and UNS N06852) and Nickel-Chromium-
Molybdenum-Silicon Alloy (UNS N06219) Pipe and Tube

Welded Pipe and Tube

B464
B467

Welded (UNS N08020, N08024, and N08026) Alloy Pipe
Welded Copper-Nickel Pipe
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Table 126.1-1
Specifications and Standards (Cont’d)

Designator Title

ASTM Nonferrous Material Specifications (Cont’d)

B468 Welded (UNS N08020, N08024, and N08026) Alloy Tubes

B546 Electric Fusion-Welded Ni-Cr-Co-Mo Alloy (UNSN06617), Ni-Fe-Cr-Si Alloys (UNS N08330 and UNS N08332), Ni-Cr-Fe-
Al Alloy (UNS N06603), Ni-Cr-Fe Alloy (UNS N06025), and Ni-Cr-Fe-Si Alloy (UNS N06045) Pipe

B608 Welded Copper-Alloy Pipe

B619 Welded Nickel and Nickel-Cobalt Alloy Pipe

B626 Welded Nickel and Nickel-Cobalt Alloy Tube

B673 UNS N08925, UNS N08354, and UNS N08926 Welded Pipe

B674 UNS N08925, UNS N08354, and UNS N08926 Welded Tube

B675 UNS N08367 Welded Pipe

B676 UNS N08367 Welded Tube

B704 Welded UNS N06625, N06219, and N08825 Alloy Tubes

B705 Nickel-Alloy (UNS N06625, N06219, and N08825) Welded Pipe

B804 UNS N08367 and UNS N08926 Welded Pipe

B862 Titanium and Titanium Alloy Welded Pipe

Fittings

B361 Factory-Made Wrought Aluminum and Aluminum-Alloy Welding Fittings

B366 Factory-Made Wrought Nickel and Nickel Alloy Fittings

Plate,|Sheet, and Strip
B168 Nickel-Chromium-Iron Alloys (UNS N06600, N06601, N06603, N06690, N06693, N06025, N06045, and [N06696),

Nickel-Chromium-Cobalt-Molybdenum Alloy:fUNS N06617), and Nickel-Iron-Chromium-Tungsten Allgy (UNS
N06674) Plate, Sheet, and Strip

B171/B171M Copper-Alloy Plate and Sheet for Pressure Vessels, Condensers, and Heat Exchangers

B209 Aluminum and Aluminum-Alloy Sheet’and Plate

B265 Titanium and Titanium-Alloy Strip; Sheet, and Plate

B409 Nickel-Iron-Chromium Alloy Plate, Sheet, and Strip

B424 Ni-Fe-Cr-Mo-Cu Alloy (UNS N08825, UNS N08221, and UNS N06845) Plate, Sheet, and Strip

B435 UNS N06002, UNS N06230, UNS N12160, and UNS R30556 Plate, Sheet, and Strip

B443 Nickel-Chromium-Melybdenum-Columbium Alloy (UNS N06625) and Nickel-Chromium-Molybdenum-Silfcon Alloy
(UNS N06219)-Plate, Sheet, and Strip

B463 UNS N08p20-Alloy Plate, Sheet, and Strip

B575 Low-Garbon Nickel-Chromium-Molybdenum, Low-Carbon Nickel-Chromium-Molybdenum-Copper, Low-{arbon

NickelChromium-Molybdenum-Tantalum, and Low-Carbon Nickel-Chromium-Molybdenum-Tungsten flloy Plate,
Sheet, and Strip

B625 UNS N08925, UNS N08031, UNS N08932, UNS N08926, UNS N08354, and UNS R20033 Plate, Sheet, anfl Strip
B688 Chromium-Nickel-Molybdenum-Iron (UNS N08366 and UNS N08367) Plate, Sheet, and Strip

Rods,|Bass;-and Shapes

B16/B16M Free-Cutting BrassRod, Baramd-Strapesfor Yse i Screw Machimnes

B150/B150M Aluminum Bronze Rod, Bar, and Shapes

B151/B151M Copper-Nickel-Zinc Alloy (Nickel Silver) and Copper-Nickel Rod and Bar

B166 Nickel-Chromium-Iron Alloys (UNS N06600, N06601, N06603, N06690, N06693, N06025, N06045, and N06696),

Nickel-Chromium-Cobalt-Molybdenum Alloy (UNS N06617), and Nickel-Iron-Chromium-Tungsten Alloy (UNS
N06674) Rod, Bar, and Wire

B221 Aluminum and Aluminum Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes
B348/B348M Titanium and Titanium Alloy Bars and Billets

B408 Nickel-Iron-Chromium Alloy Rod and Bar

B425 Ni-Fe-Cr-Mo-Cu Alloy (UNS N08825, UNS N08221, and UNS N06845) Rod and Bar
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Table 126.1-1
Specifications and Standards (Cont’d)

Designator Title
ASTM Nonferrous Material Specifications (Cont’d)

B446 Nickel-Chromium-Molybdenum-Columbium Alloy (UNS N06625), Nickel-Chromium-Molybdenum-Silicon Alloy (UNS
N06214), and Nickel-Chromium-Molybdenum-Tungsten Alloy (UNS N06650) Rod and Bar

B453/B453M Copper-Zinc-Lead Alloy (Leaded-Brass) Rod, Bar, and Shapes

B473 UNS N08020, UNS N08024, and UNS N08026 Nickel Alloy Bar and Wire

B572 UNS N06002, UNS N06230, UNS N12160, and UNS R30556 Rod

B574 Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon Nickel-Molybdenum-Chromium-Tantalum, Low-Carpon
Nickel-Chromium-Molybdenum-Copper, and Low-Carbon Nickel-Chromium-Molybdenum-Tungsten Alloy, R¢d

B649 Ni-Fe-Cr-Mo-Cu-N Low-Carbon Alloys (UNS N08925, UNS N08031, UNS N08354, and UNS N08926), C-Ni-Fe-N Low-
Carbon Alloy (UNS R20033) Bar and Wire, and Ni-Cr-Fe-Mo-N Alloy (UNS N08936) Wire

B691 Iron-Nickel-Chromium-Molybdenum Alloys (UNS N08366 and UNS N08367) Rod, Bar, and Wire

Solder

B32 Solder Metal

B828 Standard Practice for Making Capillary Joints by Soldering of Copper and Gopper Alloy Tube and Fittings

ASTM Standard Test Methods

D323 Standard Test Method for Vapor Pressure of Petroleum Products|(Reid Method)

E94 Standard Guide for Radiographic Examination

E125 Standard Reference Photographs for Magnetic Particle Indications on Ferrous Castings

E186 Standard Reference Radiographs for Heavy-Walled (2+t0-4%-in. [51 to 114-mm)]) Steel Castings

E280 Standard Reference Radiographs for Heavy-Walled_ (475 to 12-in. [114 to 305-mm]) Steel Castings

E446 Standard Reference Radiographs for Steel Castings Up to 2 in. [51 mm] in Thickness

E1003 Standard Practice for Hydrostatic Leak Testing

E2930 Standard Practice for Pressure Decay Leak'Fest Method

ASTM/Component Specifications

F1476 [Nofe (2)]
F1548

Performance of Gasketed Mechanical Couplings for Use in Piping Applications

Performance of Fittings'for'\Use With Gasketed Mechanical Couplings Used in Piping Applications

F3226 Metallic Press-Connect Fittings for Piping and Tubing Systems
AWS Specifications
A3.0 Standard Welding Terms and Definitions
D10.10 Recomimended Practices for Local Heating of Welds in Piping and Tubing
QC1 Standard for AWS Certification of Welding Inspectors
AWWA and ANSI/AWWA Standards
C110/A21.10 Ductile-Iron and Gray-Iron Fittings, 3 in. Through 48 in. (76 mm Through 1,200 mm), for Water and Other I}iquids

C111/A21.1¢
C115/A21.15
C150/A21.50
C151/A21.51
C153/A21.53

C200
C207
C208
C300

RL[‘IJ‘UCI 'Udb}\t‘t J'UillLb fUl DLILLHC'II UIT Pl CS5UItT Flpt‘ dIlLl FiLLillgb
Flanged Ductile-Iron Pipe With Threaded Flanges

Thickness Design of Ductile-Iron Pipe

Ductile-Iron Pipe, Centrifugally Cast, for Water

Ductile-Iron Compact Fittings, 3 in. Through 24 in. (76 mm Through 610 mm) and 54 in. Through 64 in. (1,400 mm
Through 1,600 mm), for Water Service

Steel Water Pipe—6 in. (150 mm) and Larger
Steel Pipe Flanges for Waterworks Service—Sizes 4 in. Through 144 in. (100 mm Through 3,600 mm)
Dimensions for Fabricated Steel Water Pipe Fittings

Reinforced Concrete Pressure Pipe, Steel-Cylinder Type, for Water and Other Liquids (Includes Addendum C300a-93)
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Table 126.1-1
Specifications and Standards (Cont’d)

Designator Title
AWWA and ANSI/AWWA Standards (Cont’d)
C301 Prestressed Concrete Pressure Pipe, Steel-Cylinder Type, for Water and Other Liquids
C302 Reinforced Concrete Pressure Pipe, Noncylinder Type, for Water and Other Liquids
C304 Design of Prestressed Concrete Cylinder Pipe
C500 Metal-Seated Gate Valves for Water Supply Service
C504 PNete3}} Rubber SeatedButterfly Valves
C509 Resilient-Seated Gate Valves for Water Supply Service
C516 |[Note (3)] Large-Diameter Rubber-Seated Butterfly Valves, Sizes 78 in. (2,000 mm) and Larger
C600 Installation of Ductile-Iron Water Mains and Their Appurtenances
C606 Grooved and Shouldered Joints
Expansion Joint Manufacturers Association, Inc.
Standards of the Expansion Joint Manufacturers Association, Inc.
FCI Standard
79-1-3009 Proof of Pressure Ratings for Pressure Regulators
MSS Standard Practices
SP-6 Standard Finishes for Contact Faces of Pipe Flanges and _Gonnecting-End Flanges of Valves and Fittings
SP-9 Spot-Facing for Bronze, Iron and Steel Flanges
SP-25 Standard Marking System for Valves, Fittings, Flanges and Unions
SP-42|[Note (3)] Corrosion Resistant Gate, Globe, Angle and Chéck Valves With Flanged and Butt Weld Ends (Classes 150,300 & 600)
SP-43 Wrought and Fabricated Butt-Welding Fittings for Low Pressure, Corrosion Resistant Applications
SP-45 Bypass and Drain Connections
SP-51 Class 150 LW Corrosion Resistant(Flahges and Cast Flanged Fittings
SP-53 Quality Standard for Steel Castings and Forgings for Valves, Flanges, and Fittings and Other Piping Confponents —
Magnetic Particle Examination Method
SP-54 Quality Standard for Steel Castings for Valves, Flanges, and Fittings and Other Piping Components — Rhadiographic
Examination Methed
SP-55 Quality Standard-for Steel Castings for Valves, Flanges, and Fittings and Other Piping Components — Visual| Method for
Evaluation of\Surface Irregularities
SP-58 Pipe Hangers_and Supports — Materials, Design, Manufacture, Selection, Application, and Installation
SP-61 Pressure\Testing of Valves
SP-67|[Note (3)] Butterfly Valves
SP-68 High Pressure Butterfly Valves with Offset Design
SP-75 High-Strength, Wrought, Butt-Welding Fittings
SP-79 Socket Welding Reducer Inserts
SP-80 Bronze Gate, Globe, Angle and Check Valves
SP-83 Class 3000 and 6000 Pipe Unions, Socket Welding and Threaded (Carbon Steel, Alloy Steel, Stainless Steels, and Nickel
Alloys)
SP-88 Diaphragm Valves
SP-93 Quality Standard for Steel Castings and Forgings for Valves, Flanges, and Fittings and Other Piping Components — Liquid
Penetrant Examination Method
SP-94 Quality Standard for Ferritic and Martensitic Steel Castings for Valves, Flanges, and Fittings and Other Piping
Components — Ultrasonic Examination Method
SP-95 Swage(d) Nipples and Bull Plugs
SP-97 Integrally Reinforced Forged Branch Outlet Fittings — Socket Welding, Threaded and Buttwelding Ends
SP-105 Instrument Valves for Code Applications
SP-106 Cast Copper Alloy Flanges and Flanged Fittings: Class 125, 150, and 300
SP-128 Ductile Iron Gate Valves
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Table 126.1-1
Specifications and Standards (Cont’d)

Designator Title

MSS Standard Practices (Cont’d)

SP-136 Ductile Iron Swing Check Valves
National Fire Codes

NFPA 85 Boiler and Combustion Systems Hazards Code
NFPA 1963 Standardfor-FireHose—Conneetions

PFI Standards
ES-16 Access Holes and Plugs for Radiographic Inspection of Pipe Welds
ES-24 Pipe Bending Methods, Tolerances, Process and Material Requirements
ES-50 Internal Oxidation for Piping Welds

SAE Standard
SAE ]429 Mechanical and Material Requirements for Externally Threaded Fasteners

GENERAL NOTES:

(a) For boij

(b) Forall dther piping, materials conforming to an ASME SA or ASME SB specification may be used interchangeably with material specifig

ASTM A
(c) Theappg

this Cogle.
(d) The wepsites of organizations whose specifications and standards are listed in this table are given at the end of Mandatory Appe]

NOTES:

(1) ANSI B]8.22.1 is nonmetric.

(2) This stg
recomr
toorg

(3) See parja. 107.1(d) for valve stem retention requirements.

er external piping application, see para. 123.2.2.

or ASTM B specification of the same number listed in this table.
roved year of issue of the specifications and standards is not given in this table, This information is given in Mandatory Appen

ndard requires testing of couplings with bending moments @pplied that are equivalent to support spacings shorter thar
ended in para. 121.5. Couplings should be tested with bending moments applied that correspond to support spacings
eater than those to be used in the piping installation.

d to an
flix F of

ndix F.

those
equal
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Chapter V
Fabrication, Assembly, and Erection

127 WELDING

127.]

Piping systems shall be constructed in accordance with
the r¢quirements of this Chapter and of materials that
have peen manufactured in accordance with the require-
ment$ of Chapter IV. These requirements apply to all fabri-
catiop, assembly, and erection operations, whether
performed in a shop or ata construction site. The following
appli¢s essentially to the welding of ferrous materials. The
welding of aluminum, copper, etc., requires different
prepdrations and procedures.

General

127.1.1 The welding processes that are to be used
undef this part of this Code shall meet all the test require-
ment$ of ASME BPVC, Section IX.

127.2 Material

127.2.1 Electrodes and Filler Metal. Welding elec*
trodes and filler metal, including consumable inserts,
shall|conform to the requirements of ASME_BPVC,
Sectipn II, Part C. An electrode or filleriamétal not
confqrming to the above may be used provided the
WPS pnd the welders and welding operators who will
folloyw the WPS have been qualified*as required by
ASME BPVC, Section IX. Unless otherwise specified by
the dpsigner, welding electrodes and filler metals used
shall produce weld metal thateomplies with the following:

(a)] The nominal tensile’strength of the weld metal shall
equallor exceed the mininmium specified tensile strength of
the baise metals beihg-joined.

(b)| If base metals.of different tensile strengths are to be
joinedl, the nominal tensile strength of the weld metal shall
equallor exeeed'the minimum specified tensile strength of
the weaker)of the two.

(c)| The nominal chemical analysis of the weld metal

(e) When austenitic steels are joined to_ferrfitic steels,
the weld metal shall have an austeniticstructpre.

(f) For nonferrous metals, the weld metal shiall be that
recommended by the manufacturer~of the npnferrous
metal or by industry associations for that metal.

(g) Filler metals used to make weld on or to P-No. 15E,
Group 1 materials shallmeet the requirgments of
para. 125.2.

(h) Filler metals notimeeting the requirements of (a)
through (g) may be accepted by agreement between the
fabricator/erectorjand the designer. Exampleq of condi-
tions where this may apply include (but may notfbe limited
to) where/inusual materials or combinations of materials
are used, where highly corrosive environments may
require’a more electrochemically noble wgld metal,
where dissimilar materials are welded, or where it is
desired to achieve a weld with different mecharical prop-
erties from the base material.

127.2.2 Backing Rings. Backing rings, when fised, shall
conform to the following requirements:
(a) Ferrous Rings. Ferrous metal backing fings that
become a permanent part of the weld shall be made
from material of weldable quality, compatibl¢ with the
base material and the sulfur content shall npt exceed
0.05%.
(1) Backingrings may be of the continuousfmachined

or split band type.
(2) If two abutting surfaces are to be we¢lded to a
third member used as a backing ring and ohe or two
of the three members are ferritic and the other
member or members are austenitic, the sagisfactory
use of such materials shall be determined by the WPS qual-
ified as required in para. 127.5.
(3) Backing strips used at longitudinal welded joints
shall be removed.
(b) Nonferrous and Nonmetallic Rings. Backing rings of

shall be similar to the nominal chemical analysis of the
base metal, including consideration of both major and
essential minor alloying elements [e.g., 2%.% Cr, 1%
Mo steels should be joined using 2%/,% Cr, 1% Mo
filler metals; see also para. 124.2(d)].

(d) If base metals of different chemical analysis are
being joined, the nominal chemical analysis of the weld
metal shall be similar to either base metal or an inter-
mediate composition, except as specified in (e) for aus-
tenitic steels joined to ferritic steels.

nonferrous or nonmetallic materials may be used for
backing provided they are included in a WPS as required
in para. 127.5. Nonmetallic or nonfusing rings shall be
removed.

127.2.3 Consumable Inserts. Consumable inserts may
be used provided they are made from material compatible
with the chemical and physical properties of the base
material. Qualification of the WPS shall be as required
by para. 127.5.
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Figure 127.3-1
Butt Welding of Piping Components
With Internal Misalignment

2 A\

T_ 1/4gin. (1.5 mm) or less

When the internal misalignment exceeds the allowable,
itis preferred that the component with the wall extending
internally be internally trimmed per Figure 127.3-1.
However, trimming shall result in a piping component
thickness not less than the minimum design thickness,
and the change in contour shall not exceed 30 deg (see
Figure 127.3-1).

(d) Spacing. The root opening of the joint shall be as
given in the WPS.

7

Radiys > 0.05¢,,
Greater than 1/;5in. (1.5 mm)

(24) 127.3 Preparation for Welding

(a) End Preparation

(1) Qxygen or arc cutting is acceptable only if the cut
is reasonapbly smooth and true, and all slag is cleaned from
the flame [cut surfaces. Discoloration that may remain on
the flame [cut surface is not considered to be detrimental
oxidation,

(2) Butt-welding end preparation dimensions$
contained in ASME B16.25 or dimensions of any other
end prepdration that meets the WPS are acceptable:

(3) lfpiping component ends are bored, suel’boring
shall not result in finished wall thickness, after welding,
less than fthe minimum design thickness:;\Where neces-
sary, weld metal of the appropriate analysis may be depos-
ited on the inside or outside of the"piping component to
provide sufficient material for machining to ensure satis-
factory fitting of rings.

(4) Ifthe piping component ends are upset, they may
be bored to allow for a,eompletely recessed backing ring,
provided the remainihg-net thickness of the finished ends
is not lesg than the/thinimum design thickness.

(b) ClegningsSurfaces for welding shall be clean and
shall be filee_from paint, oil, rust, scale, or other material
that is defrimental to welding

(C) SocketIeld-Assemblyr—In-assembhx

................................... ef-the joint
before welding, the pipe or tube shall be inserted into
the socket to the maximum depth and then‘withdrawn
approximately %4 in. (1.5 mm) away friom contact
between the end of the pipe and the shoulder ¢f the
socket (see Figures 127.4.4-2 and 127.4.4-3). In sleeve-
type joints without internal shotldér, there shall be a
distance of approximately % in. (1.5 mm) between
the butting ends of the pipéser tube. The gap negd not
be present or verified aftef-welding.

The fit between the seocket and the pipe shall confqrm to
applicable standards for socket weld fittings and in np case
shall the inside diatheter of the socket or sleeve exceed the
outside diameter of the pipe or tube by more than 0.080 in.
(2.0 mm).

(f) Diseolération (Heat Tint). When use of backing|gas is
necessary to control the oxidation of the internal suffaces
of stainless steel, nickel, and nickel alloy piping welds, PFI
Standard ES-50 provides guidance in determining &n ac-
ceptable discoloration (heat tint).

127.4 Procedure
127.4.1 General

(a) Qualification of the WPS to be used, and ¢f the
performance of welders and operators, is requiref and
shall comply with the requirements of para. 127.5

(b) No welding shall be done if there is impingemeent of
rain, snow, sleet, or high wind on the weld area.

(c) Tackwelds permitted to remain in the finished weld
shall be made by a qualified welder. Tack welds made by
an unqualified welder shall be removed. Tack welds that
remain shall be made with an electrode and WPS thatis the
same as or equivalent to the electrode and WPS to bg¢ used
for the first pass. The stopping and starting ends shall be
prepared by grinding or other means so that they dan be
satisfactorily incorporated into the final weld. Tack welds

(c) Alignment. The inside diameters of piping compo-
nents to be butt welded shall be aligned as accurately as is
practicable within existing commercial tolerances on
diameters, wall thicknesses, and out-of-roundness. Align-
ment shall be preserved during welding. The internal
misalignment of the ends to be joined shall not exceed
Y6 in. (1.5 mm) unless the piping design specifically
states a different allowable misalignment.

Lildl, lldVU CI dbked b}ldll ‘UC IelllUVCd.

(d) Arc strikes outside the area of the intended weld
should be avoided on any base metal. Arc strikes made
outside of the weld joint area shall be removed and
the surface visually examined. The surface shall also be
examined by the liquid penetrant or magnetic particle
method when the material is P-No. 4, P-No. 5A, P-No.
5B, or P-No. 15E.
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127.4.2 Girth Butt Welds

(a) Girth butt welds shall be complete penetration
welds and shall be made with a single vee, double vee,
or other suitable type of groove, with or without
backing rings or consumable inserts. The depth of the
weld measured between the inside surface of the weld
preparation and the outside surface of the pipe shall
not be less than the minimum thickness required by
Chapter II for the particular size and wall of pipe used.

(3) Undercut on the surface of girth butt welds shall
not exceed Y%, in. (0.8 mm) and shall not encroach on the
minimum required section thickness.

(4) If the surface of the weld requires grinding to
meet the above criteria, care shall be taken to avoid re-
ducing the weld or base material below the minimum
required thickness.

(5) Concavity on the root side of a single welded
circumferential butt weld is permitted when the resulting

thickness-oftheweldisatieastequa Ho-thethiekness of the

(b)| To avoid abrupt transitions in the contour of the
finished weld, the requirements of (1) through (4)
shall pe met.

1) When components with different outside
diameters or wall thicknesses are welded together, the
welding end of the component with the larger outside
diame¢ter shall fall within the envelope defined by solid
lines|in Figure 127.4.2-1. The weld shall form a
gradfal transition not exceeding a slope of 30 deg
from|the smaller to the larger diameter component.
This ¢ondition may be met by adding welding filler mate-
rial, if necessary, beyond what would otherwise be the
edge jof the weld.

?) When both components to be welded (other than
pipe to pipe) have a transition from a thicker section to the
weld |end preparation, the included angle between the
surfage of the weld and the surface of either of the compo-
nents{shall notbeless than 150 deg. Refer to para. 119.3(b)
for additional concerns related to this design.

3) When welding pipe to pipe, the surface of the
shall, as a minimum, be flush with thesouter
fe of the pipe, except as permitted in (4),

4) For welds made without the addition” of filler
meta|, concavity shall be limited to %, ‘in) (0.8 mm)
below the outside surface of the pipe, but shall not
encroach upon the minimum required-thickness.

(c)| As-welded surfaces are pérniitted; however, the
surfare of welds shall be sufficiently free from coarse
ripplgs, grooves, overlaps, abrupt ridges, and valleys to
meet[the following:

7) The surface condition of the finished welds shall
be sujtable for the proper interpretation of radiographic
and dther nondestructive examinations when nondes-
tructive exanfinations are required by Table 136.4.1-1.
In these cases where there is a question regarding the

surfage.condition on the interpretation of a radiographic
film, thefilm shall he r‘nmpnrnd to the actual weld surface

weld
surfa

treastequare

thinner member of the two sections being join¢d and the
contour of the concavity is smooth without.sharp edges.
The internal condition of the root surface of a girth weld,
which has been examined by radiography, is gcceptable
only when there is a gradual change'in the density, as indi-
cated in the radiograph. If a gifthyWweld is not degignated to
be examined by radiographyy a visual examinatipn may be
performed at welds that:are readily accessiblg.

127.4.3 Longitudinal Butt Welds. Longitudinal butt
welds not covered by the applicable material|specifica-
tions listed inlable 126.1-1 shall meet the reqpirements
for girth butt welds in para. 127.4.2, except that undercut
on the surface of longitudinal butt welds, fabricated in
accordance with the requirements of this Cdde, is not
permitted. For longitudinal welds and spiral welds in
pipe intended for sustained operation in the creep
range (see paras. 104.1.1 and 123.4 and Table
102.4.7-1), any welding using the SAW profess shall
use a flux with a basicity index 2 1.0.

127.4.4 Fillet Welds. In making fillet welds the weld
metal shall be deposited in such a way as [to secure
adequate penetration into the base metal at the root of
the weld.

(a) Fillet welds may vary from convex to comcave. The
size of a fillet weld is determined as ghown in
Figure 127.4.4-1

(b) Afillet weld, in any single continuous weld, may be
less than the specified fillet weld dimension by not more
than % in. (1.5 mm), provided that the total yndersized
portion of the weld does not exceed 10% of the tptal length
of the weld or 2 in. (50 mm), whichever is legs.

(c) Typical minimum fillet weld details for slip-on
flanges and socket-welding components are|shown in
Figures 127.4.4-2 and 127.4.4-3.

127.45 S threaded

for interpretation and determination of acceptability.
(2) Reinforcements are permitted in accordance
with Table 127.4.2-1.
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1 .
ot (min.) 11/5t,, (min.)
Outside
| — Radius of at least 0.05%,,
45 Heg max. / Radius not mandatory

Component or fitting

Insi

ASME B31.1-2024

Figure 127.4.2-1

Welding End Transition — Maximum Envelope

30 deg max.

\
\
\
\

A

\
See Note (1) —/ ‘\\

Radius of atleast 0.05¢,,

He I 2ty (min.)

| Transition region

GENERAL NOTES:
(a) The value of t,, is whichever of the following is applicable:
(1) 4s defined in para.,/104.1.2(a)

2) 1

is betwleen twocemponents
(b) The maximum-envelope is defined by solid lines.

NOTES:

See

Note (2)

}' Maximum
Minimum

— See Note (3)
—1.0¢,

he minimuni'ordered wall thickness of the cylindrical welding end of a component or fitting (or the thinner of the two) when t

(1) Weld is

StrowTT for iHustration OTly.

ejoint

(2) The weld transition and weld reinforcement shall comply with paras. 127.4.2(b) and 127.4.2(c)(2) and may be outside the maximum
envelope.
(3) The maximum thickness at the end of the component is
(a) the greater of [t, + 0.16 in. (4 mm)] or 1.15¢t,, when ordered on a minimum wall basis
(b) the greater of [t, + 0.16 in. (4 mm)] or 1.10¢, when ordered on a nominal wall basis
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Table 127.4.2-1
Reinforcement of Girth and Longitudinal Butt Welds

Maximum Thickness of Reinforcement for Design Temperature

Thickness of Base Metal, >750°F (400°C) | <750°F (400°C)

in. (mm) in. mm in. mm
Up to Y% (3), incl. Yie 1.5 ¥n 2.5
Over " to %6 (3 to 5), incl. Yie 1.5 Yo 3
Over ¥ to % (5 to 13), incl. Yie 1.5 a2 4
Over % to 1 (13 to 25), incl. Yo 2.5 Y16 5
Over 1fto 2 (25 to 50), incl. Y 3 A 6
Over 2[(50) a2 4 [Note (1)] [Note{ (2)]

GENERAL NOTES:

(a) Fdrdouble-sided groove welds, the limitation on reinforcement given above shall apply separately to both inside and,outside syl
jolnt.

(b) Fqrsingle-sided groove welds with backing strips or bars that remain in place, the limitation on reinforcement given above shall
oytside surface. For single-sided groove welds without backing strips or bars that remain in place, the limits shall apply to the out
thpy also apply to the inside surface when the inside surface is readily accessible.

(c) THe thickness of weld reinforcement shall be based on the thickness of the thinner of the materials being joined.

(d) THe weld reinforcement thicknesses shall be determined from the higher of the abutting surfaces involved.

(e) WEld reinforcement may be removed if so desired.

NOTESY:
(1) THe greater of %, in. or % times the width of the weld in inches.

(2) TH

e greater of 6 mm or % times the width of the weld in millimeters.

rfaces of the

apply to the
ide surface;
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Figure 127.4.4-1
Fillet Weld Size

N
N
N
Size of
weld
N
N\
F)\> \{\ Theoretical throat ——%( {
Size of
weld
(a) Convex Equal Leg (b) Concave Equal Leg
Fillet Weld Fillet Weld

_+_

Leg Leg
Iingth I$ngth
9\’<_Leg 4,.‘\;‘ Theoretical throat ——JQ<<_L99 ‘,‘ {
length length
(c) Convex Unequal Leg (d) Concave Unequal Leg
Fillet Weld Fillet Weld

GENERAL NOTES:

(a) The “sife” of an equal leg fillet weld shall be described\by the leg length of the largest inscribed isosceles triangle.

(b) The “sife” of an unequal leg fillet weld shall be described using both leg lengths and their location on the members to be joinefl.

(c) Angle 6] as noted in the above illustrations, may vary from the 90 deg angle as shown based on the angle between the surfaces to be welded.

(d) Forangqualleg fillet weld where the angle g betwieen the members being joined is 90 deg, the theoretical throat shall be 0.7 x leg length. For
other fillet welds, the theoretical throat shall\be based on the leg lengths and the angle g between the members to be joined.

(e) Forall flllet welds, particularly unequal leg fillet welds with angle 6 less than 90 deg, the theoretical throat shall lie within the cross se¢tion of
the deposited weld metal and shall riot, be less than the minimum distance through the weld.
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Figure 127.4.4-2
Welding Details for Slip-On and Socket-Welding Flanges;
Some Acceptable Types of Flange Attachment Welds

| _;I | I

T T

N | T
. Approximately 1/, in:
1 —/ 16
tp or _/4 n. (6.mm), (1.6 mm) before(welding
whichever is smaller
(a) Front and Back Weld (b) Face and Back Weld (c) Socket Welding Flange
[See Notes (1) and (2)] [See Notes (1) and (2)] [See Notes (2) and (3)]
Legend:
t,| = nominal pipe wall thickness
Xmin] = 1.4t, or thickness of the hub, whichever is smaller
NOTESY:

(1) Rdfer to para. 122.1.1(f) for limitations of use.
(2) Rdfer to para. 104.5.1 for limitations of use.
(3) Rdfer to para. 122.1.1(h) for limitations of use.

Figure 127.4.4-3
Minimam*Welding Dimensions Required for
Socket Welding Components Other Than Flanges

t, = nominal pipe wall thickness

Cy T —
C, (min.) = 1.09t, or the thickness

of the socket wall,
whichever is smaller

[Approximately 146 in. (1.5 mm)

before welding
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127.4.8 Welded Branch Connections

(a) Welded branch connections shall be made with full
penetration welds, except as allowed in (f). Figures
127.4.8-1 through 127.4.8-3 show typical details of
branch connections with and without added reinforce-
ment. No attempt has been made to show all acceptable
types of construction and the fact that a certain type of
construction is illustrated does not indicate that it is rec-
ommended over other types not illustrated.

(2) Iftheweldjoining the added reinforcementto the
branch is a fillet weld, the throat dimension shall not be
less than 0.7t,,;,. The weld at the outer edge joining the
outer reinforcement to the run shall also be a fillet weld
with a minimum throat dimension of 0.5¢,,.

(e) When rings or saddles are used, a vent hole shall be
provided (at the side and not at the crotch) in the ring or
saddle to reveal leakage in the weld between the branch
and main run and to provide venting during welding and
ade in

haattraating anaratione Dinge arcaddlac ymav ha o
Reattreatig-operatoRS—dRgsor-SaaareSay-Beir

b) Figure 127.4.8-4 shows basi f weld attach-
(b) Fig . - Shows basic types o el tac more than one piece if the joints between the pieceg have
ments usdd in the fabrication of branch connections. The . .
. . . strength equivalent to the ring or saddle parentmetal and
location gnd minimum size of these attachment welds

shall conform to the requirements of para. 127.4.8.
Welds shfall be calculated in accordance with para.
104.3.1 but shall not be less than the sizes shown in
Figure 12[7.4.8-4.

The notations and symbols used in this paragraph and

Figures 127.4.8-4 and 127.4.8-5 are as follows:
t. = the smaller of % in. (6 mm) or 0.7t,,
tmin = khe smaller of t,; or t,,
tnp = pominal thickness of branch wall, in. (mm)
t,n = pominal thickness of header wall, in. (mm)
t,r = pominal thickness of reinforcing element (ring

pr saddle), in. (mm)

(c) Figiyire 127.4.8-6 shows branch connections made
by welding half couplings or adapters directly to the run
pipe.

Figure 127.4.8-5 shows branch connections using speci-
fically reinforced branch outlet fittings welded directlyto
the run gipe. These branch connection fittings, half
couplings| or adapters, which abut the outside-'surface
of the run wall or are inserted through an opening cut
in the run wall, shall have opening and branch contour
to provide a good fit and shall be attached by means
of full pepetration groove welds except as otherwise
permitted in (f).

The fulllpenetration groove wélds shall be finished with
cover fillef welds and meet thé.requirements of para. 104.
The coverffillet welds shallhave a minimum throat dimen-
sion notlgss than that sheWwn in Figure 127.4.8-5 or Figure
127.4.8-6 as applicable:

(d) In Branch connections having reinforcement pads
or saddleg, the reinforcement shall be attached by welds at

the outer [edge-and at the branch periphery as follows:
(1] | fhnurn]d}'ninihat‘hn addedreinforcementtothe

if each piece has a vent hole. A good fit shall be provided
between reinforcing rings or saddles and the pafts to
which they are attached.

(f) Branch and instrument connections NPS 2 (DN 50)
and smaller welded with partialpenetration welds that do
not require reinforcements:(see para. 104.3) mpy be
constructed as shown in Figure 127.4.8-7. The gfoove
welds shall be finishéd with cover fillet welds with a
minimum throat dimension not less than that shown
in Figure 127.4-:8<7. If this construction is usled at
design tempefatures greater than 750°F (400°C)|or at
design pressures greater than 1,025 psi (7075 |kPa),
then surface’examination [magnetic particle examination
(MT) ifaccordance with para. 136.4.3 or liquid peng¢trant
examination (PT) in accordance with para. 136.4.4] shall
beperformed atthe lesser of one-half of the weld thickness
ot each ', in. (13 mm) of weld thickness and all accefsible
final weld surfaces.

Figure 127.4.8-1
Typical Welded Branch Connection
Without Additional Reinforcement

branchisa full penetration groove weld, it shall be finished
with a cover fillet weld having a minimum throat dimen-
sion not less than t,; the weld at the outer edge, joining the
added reinforcement to the run, shall be a fillet weld with a
minimum throat dimension of 0.5¢t,,.
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Figure 127.4.8-2
Typical Welded Branch Connection
With Additional Reinforcement

I N

INENAN

=

Vent hzti
l |
=1

Figure 127.4.8-3
Typical Welded Angular Branch Connection. Without Additional Reinforcement
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Figure 127.4.8-4
Some Acceptable Types of Welded Branch Attachment Details Showing Minimum Acceptable Welds

[

77
N\
tnh t
12 S (-
EINNNNNNY
: ~
(a)

3
3

\
e

LT
7
i

3
3

B’ﬂ‘
—
ﬁ“

(e)

GENERAL NOTE: Weld dimensions may be larger than the minimum values shown here.
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Figure 127.4.8-5
Some Acceptable Details for Integrally Reinforced Outlet Fittings

Manufacturer’s
weld line
[Note (1)]
, < tnb
Manufacturer’s S| [Note (4)] Cover weld
weld line o [Note (3)]
| [Note (1)] S|
< 788 N 4 Run pipe
S 7S
q / Bore may be straight LHEK <
9 i or tapered as shown - \(— [
< | d  Angle [Note (2)] | [Note (2)]
t. Cover weld |
[Note (2)] [Note (3)]
1) Transverse View (2) Longitudinal View
(a) 90 deg Branch Fitting
Crotch area
Cover weld top
[Note (2)] \ [Note (4)]
T A\ \
[ N .
[Note (1)] Manufacturer's
\\ > weld line

4\ Cover weld
\\\ [Note (3)]
N

N\
[Note (2)]

v

C hranch

1) Transverse View

[Note (4)]

[Note (1)]
Cover wdld
|\§ [Notes {2), (3)]
\\ Angle
; [Note (2)]

Heel drea

\ Elf

(2) Longitudinal View

| ow
(b) Elbow Branch Fitting
Manufacturer’s Manufac_:turar’s
Manufacturer’s weld line tho weld line
weld line [Note (1)] [Note (4)] / [Note (1)]
_E (Note (1)] Crotch area N Heel area
q
4 Cover weld / / Ccr)’\\ller wells .
€, X HNetes+{2),
Angte INote (271 INOTE 3T~ %14 N 7N
Cover weld )
[Note (3)] t, _%
& [Note (2)] > <ty
N
[Note (2)] [Note (4)]

(1) Transverse View

(c) Lateral Branch Fitting
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Figure 127.4.8-5
Some Acceptable Details for Integrally Reinforced Outlet Fittings (Cont’d)

GENERAL NOTES:

(a) Welds shall be in accordance with para. 127.4.8(c).

(b) Weld attachment details for branch fittings that do not match the schedule or weight designation of the run pipe as defined by MSS SP-97,
Table 1 shall be designed to meet the requirements in paras. 104.3.1 and 104.7.2.

(c) Thestressintensification factors as required by paras. 104.8 and 119.7.3, for the fittings represented by drawings (b-1), (b-2), (c-1), and (c-2),
should be obtained from the fitting manufacturer.

NOTES:

(1) When the fitting manufacturer has not provided a visible scribe line on the branch fitting, the weld line shall be the edge of the first beve] on the
branch [fitting adjacent to the run pipe.

(2) The miimum cover weld throat thickness, t, applies when the angle between the branch fitting groove weld face and the rdn pipe sufface is
less thah 135 deg. For areas where the angle between the groove weld face and the run pipe surface is 135 deg or greater,the cover weld may
transitipn to nothing.

(3) Cover weld shall provide a smooth transition to the run pipe.

(4) tnpshallbe measured atthe plane that passes through the longitudinal centerline of the run pipe and the centerline©ofthe branch fitting When
tnp in thie crotch area does not equal t,,; in the heel area, the thicker of the two shall govern in determining the‘heat treatment in accopdance
with pdra. 132.4, and in determining the nondestructive examination in accordance with Table 136.4:3<1:

Figure 127.4.8-6
Typical Full Penetration Weld Branch Connections for NPS 3 (DN 80) and Smaller Half Couplings
or:Adapters

Socket-welding-or Socket-welding or
threaded half coupling / threaded adapter

N

Full penetratipn

Coyer fillet weld groove weld

Full penetration .
groove weld Cover fillet
weld
/— Header or run pipe _\

3/16 in. (5 jmm) min.

<
A

Header or run

pipe
N 3/16 in. (5 mm) min.
Per WPS Bore after welding
(a) Branch Connection Using ASME B16.11 (b) Branch Connection Using Forged Steel Socket-Welding or
—Forged-Steel-Socket-Weldingor Thr ftions
Threaded Half Coupling [See Note (1)] Greater Than Permitted for ASME B16.11 Forged Steel Fittings

NOTE: (1) Refer to para. 104.3.1(c)(2) for branch connections not requiring reinforcement calculations.
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Figure 127.4.8-7

Typical Partial Penetration Weld Branch and Instrument Connections for NPS 2 (DN 50) and Smaller Fittings

Socket-welding or
/ threaded fitting

pE—

p—

p——

] Partial penetration
groove weld

Cover fillet weld —

Header or run pipe
3/16 in. (5 mm) min. X / PP

—> <~—t, [see para. 104.3.1(c)(5)]

(a) Branch Connection Typical Partial Penetration Weld

316 in. (5 mm)ymin. —\

Cover fillet weld

N\

Partial penetratioh.groove weld

Header or run pipe x

ty [see para.

104.3.1(c)(6

a/2
&

(b) Instrument Connection Typical Partial Penetration Weld
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127.4.9 Attachment Welds

(a) Structural attachments may be made by complete
penetration, partial penetration, or fillet welds.

(b) Low-energy capacitor discharge welding may be
used for welding temporary attachments (e.g., thermocou-
ples) and permanent nonstructural attachments without
preheat above 50°F (10°C) or subsequent postweld heat
treatment on P-No. 1 through P-No. 5B and P-No. 15E
materials, provided that the following requirements

127.5 Qualification

127.5.1 General. Qualification of the WPS to be used,
and of the performance of welders and welding operators,
is required and shall comply with the requirements of
ASME BPVC, Section IX, except as modified herein.

Certain materialslisted in Mandatory Appendix A do not
appear in ASME BPVC, Section IX P-Number groups.
Where these materials have been assigned P-Numbers
in Mandatory Appendix A, they may be welded under

are met:

(1) A Welding Procedure Specification is prepared,
describing the low-energy capacitor discharge equipment,
the combination of materials to be joined, and the tech-
nique of dpplication; qualification of the welding proce-
dure is ngt required.

(2) The energy output of the welding process is
limited tol 125 J.

(3) Hor P-No. 54, P-No. 5B, and P-No. 15E materials,
the maximum carbon content of the material is 0.15%.

(4) Bermanent thermocouple or strain gage attach-
ments or the surface from which temporary attachments
are remoyed shall require visual examination but are
exempt from further examination in accordance with
para. 136|4, whether or not the location was subjected
to postwelld heat treatment.

127.4.1
treatment

D Heat Treatment. Preheat and postweld heat
for welds shall be in accordance with para. 131
or para. 132 as applicable except as exempted in para.
127.4.9. Alternatively, the rules in ASME B31P may be
used in entirety.

127.4.11 Repair Welding

(a) Defect Removal. All defects in welds er base mate-
rials requjiring repair shall be removed-by flame or arc
gouging, grinding, chipping, or machining. Preheating
may be rpquired for flame or are gotging on certain
alloy materials of the air-hardening type to prevent
surface checking or cracking adjacent to the flame or
arc gougped surface. When\a defect is removed but
welding frepair is unnécessary, the surface shall be
contouredl to eliminate-any sharp notches or corners.
The contpured sdrface shall be reinspected by the
same medns origindlly used for locating the defect.

(b) Repair Welds. Repair welds shall be made in accor-
dance with '@ WPS using qualified welders or welding

this Code for nonboiler external piping only without{sepa-
rate qualification as if they were listed in ASME BPVC,
Section IX.

127.5.2 Welding Responsibility. Each employe
para. 100.2) shall be responsible,for the wellding
performed by the employer’s orgahization and the perfor-
mance of welders or welding opetators employed by that
organization.

" (see

127.5.3 Qualification Responsibility

(a) Procedures.Each’ employer shall be responsiljle for
qualifying any WPS that the employer intends to hav¢ used
by personnel of the employer’s organization. Howeyer, to
avoid duplication of effort, and subject to approval pf the
owner, a WPS qualified by a technically competent group
or ageriey may be used

(1) if the group or agency qualifying the WPS
all*of the procedure qualification requirements @
Code

(2) if the fabricator accepts the WPS thus qud

(3) if the user of the WPS has qualified at leaf
welder using the WPS

(4) if the user of the WPS assumes specific respon-
sibility for the procedure qualification work dope by
signing the records required by para. 127.6

All of the conditions in (1) through (4) shall b
before a WPS thus qualified may be used.

(b) Welders and Welding Operators. Each employer
shall be responsible for qualifying all the welders and
welding operators employed by the employer’s organiza-
tion.

However, to avoid duplication of effort, the employer
may accept a Welder/Welding Operator PerforTance
Qualification (WPQ) made by a previous employer
(subject to the approval of the owner or the owner’s
agent) on piping using the same or an equivalent proce-

neets
f this

lified
t one

P met

operators (see para. 127.5), recognizing that the cavity
to be repair welded may differ in contour and dimension
from anormal joint preparation and may present different
restraint conditions. The types, extent, and methods of
examination shall be in accordance with Table
136.4.1-1. For repairs to welds, the minimum examination
shall be the same method that revealed the defect in the
original weld. For repairs to base material, the minimum
examination shall be the same as required for butt welds.

100

dure wherein the essential variables are within the limits
established in ASME BPVC, Section IX. An employer
accepting such qualification tests by a previous employer
shall obtain a copy of the original WPQ, showing the name
of the employer by whom the welders or welding opera-
tors were qualified, the dates of such qualification, and
evidence that the welder or welding operator has main-
tained qualification in accordance with ASME BPVC,
Section IX, QW-322. The evidence of process usage to
maintain continuity may be obtained from employers

(24)

(24)
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other than the original qualifying employer. The employer
shall then prepare and sign the record required in
para. 127.6 accepting responsibility for the ability of
the welder or welding operator.

127.5.4 Standard Welding Procedure Specifications.
Standard Welding Procedure Specifications published
by the American Welding Society and listed in ASME
BPVC, Section IX, Mandatory Appendix E are permitted
for Code construction within the limitations established

128.3 Preparation

128.3.1 SurfacePreparation. The surfaces to be brazed
or soldered shall be clean and free from grease, oxides,
paint, scale, dirt, or other material that is detrimental
to brazing. A suitable chemical or mechanical cleaning
method shall be used if necessary to provide a clean
wettable surface.

128.3.2 Joint Clearance. The clearance between

by AJME BPVC, Section IX, Article V.

127.6

Th
WPQ
purch
of the
tors ¢
the dj
ficatign.

Th¢ WPQ shall also show the identification symbol
assighed to the welder or welding operator employed
by thg employer’s organization, and the employer shall
use this symbol to identify the welding performed by
the welder or welding operator. This may be accomplished
by the application of the symbol on the weld joint in a
maniler specified by the employer. Alternatively, the
emplpyer shall maintain records that identify welds
made| by the welder or welding operator.

Welding Records

e employer shall maintain a record (WPS and/or

signed by the employer, and available to the
aser or the purchaser’s agent and the inspector,
WPSs used and the welders and/or welding opera-
mployed by the employer’s organization, showing
te and results of procedure and performance quali-
n

128 BRAZING AND SOLDERING

128.]

128.1.1 The brazing processes that are to be used
undef this part of the Code shall meet-all'the test require-
ment$ of ASME BPVC, Section IX

12§
dure

General

.1.2 Soldering. Solderers)shall follow the proce-
n ASTM B828.

Materials

.2.1 Filler Metal. The brazing alloy or solder shall
melt and flow,freely within the specified or desired
temperature\range and, in conjunction with a suitable
flux qr comtrolled atmosphere, shall wet and adhere to
the syirfaces to be joined.

128.2
12§

£ 4 1o - g1 1o H 1d :
SUIldiTS U DT JUILLITU Uy Ul aLllls Ul SUIUTT 1113 Shall be

no larger than is necessary to allow complet¢ capillary
distribution of the brazing alloy or solder,
128.4 Procedure

128.4.1 General

(a) Qualification of the Brazing procedures to be used
and of the performancewfithe brazer and brazjng opera-
tors is required and shallcomply with the requitements of

para. 128.5.
(b) No brazingshall be done if there is impingement of
rain, snow, sleét, or high wind on the area to be brazed.

128.4.2 Heating. To minimize oxidation, the
be brought to brazing or soldering temperature
atime\as possible without localized underheatiy
heating.

128.4.3 Flux Removal. Residual flux shall b¢ removed
if detrimental.

joint shall
nas short
gorover-

128.5 Brazing Qualification

128.5.1 General. The qualification of thf brazing
procedure and of the performance of brgzers and
brazing operators shall be in accordance with tHe require-
ments of ASME BPVC, Section IX, Part QB, except as modi-
fied herein.

128.5.2 Brazing Responsibility. Each emp
para. 100.2) shall be responsible for the
performed by the employer’s and the perfor
brazers or brazing operators.

oyer (see
brazing
mance of

128.5.3 Qualification Responsibility

(a) Procedures. Each employer shall be respgnsible for
qualifying any Brazing Procedure Specification [ BPS) that

the employer intends to have used by the emplgyer’s per-

128.2.2 Flux. A flux thatis fluid and chemically active at
brazing or soldering temperature shall be used when nec-
essary to eliminate oxidation of the filler metal and the
surfaces to be joined, and to promote free flow of the
brazing alloy or solder.

101

sonnel. However, to avoid duplication of effort, and subject
to approval of the owner, a BPS qualified by a technically
competent group or agency may be used

(1) if the group or agency qualifying the procedures
meets all of the procedure qualification requirements of
this Code

(2) ifthe fabricator accepts the procedure thus qual-
ified

(3) if the user of the procedure has qualified at least
one brazer using the BPS

(24)

(24)
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(4) if the user of the procedure assumes specific
responsibility for the procedure qualification work
done by signing the records required by para. 128.6

All of the conditions in (1) through (4) shall be met
before a procedure thus qualified may be used.

(b) Brazers and Brazing Operators. Each employer shall
be responsible for qualifying all the brazers and brazing
operators employed by the employer’s organization.

However, to avoid duplication of effort, the employer

Yazing Onarataor Dnanvm'\v\t‘n

129.2 Forming

Piping components may be formed (swedging, lapping,
or upsetting of pipe ends, extrusion of necks, etc.) by any
suitable hot or cold working method, provided such
processes result in formed surfaces that are uniform
and free of cracks or other defects, as determined by
the method of inspection specified in the design.

129.3 Heat Treatment of Bends and Formed

may acceptaBrazer/Brazing-Operate

Quallflca|:10n (BPQ) made by a previous employer Components

(subject o the approval of the owner or the owner’s The processes and temperature controhme
agent) on|piping using the same or an equivalent proce- described in ASME B31P are recommended/in ad
dure whefrein the essential variables are within the limits to any required heat treatment.

establishpd in ASME BPVC, Section IX. An employer
accepting|such qualification tests by a previous employer
shall obtajin a copy (from the previous employer) of the
BPQ, shoyving the name of the employer by whom the
brazers of brazing operators were qualified, the dates
of such qualification, and the date the brazer last
brazed pressure piping components under such qualifica-
tion. The ¢mployer shall then prepare and sign the record
required In para. 128.6 accepting responsibility for the
ability of the brazer or brazing operator.

128.6 Brazing Records

The em
employer

ployer shall maintain a record signed by the
and available to the purchaser or the purcha-
ser’s agent and the inspector, showing the date and results
of procedlire and performance qualification.

The BPQ shall also show the identification symbol
assigned|by the employer to the brazer or_brazing
operator, pnd the employer shall use this symbol.to iden-
tify the Yrazing performed by the brazer or brazing
operator. |This may be accomplished by-the application
of the symbol on the braze joint in a manner specified
by the emjployer. Alternatively, the'employer shall main-
tain recorfls that identify braze joints made by the brazer
or brazing operator.

129 BENDING AND FORMING

129.1 Bending

Pipe mdy be-bent by any hot or cold method and to any
radius that willTesult in a bend surface free of cracks. Such

hods
fition

129.3.1 Except for creep strength)enhanced férritic
steels (P-No. 15E), hot bending or hot forming is
performed at a temperature‘equal to or above
100°F (56°C), where T istthe lower critical tempe
of the material. Cold bendirng or cold forming is perfd
at a temperature below T..; - 100°F (56°C).[ (See
Table 129.3.1-1 for lower critical temperatures]) For
creep strength-enhanced ferritic steels (P-No. 15H), hot
bending or _hot forming is performed at a temperfature
equal tocotyabove 1,300°F (705°C). Cold bendipg or
cold fosming is performed at a temperature helow
1,300°F (705°C).

-
crit —
ature
rmed

129.3.2 A postbending or postforming heat treafment
atthe time and temperature cycleslisted for postwelfl heat
treatmentin Table 132.1.1-1isrequired on all carbon steel
(P-No. 1) materials with a nominal wall thickness in ¢xcess
0f0.75in. (19.0 mm) unless the bending or forming gpera-
tions are performed and completed at temperatufes of
1,650°F (900°C) or greater.

Table 129.3.1-1
Approximate Lower Critical Temperatures

bends shaltmeetthe design requirements ot para. 102.4.5
with regard to minimum wall thickness. Where limits on
flattening and buckling are not specified by design, as deli-
neated in para. 104.2.1, manufacturing limits of PFI ES-24
shall be met. When defaulting to PFI ES-24, mutual agree-
mentbetween purchaser and fabricator beyond the stated
manufacturing limits shall not be allowed without the
approval of the designer.

The use of bends designed as creased or corrugated is
not prohibited.

102

Approxima

Lower Criticpl

Temperaturp,

OF (OC)

Material [Note (1)]
Carbon steel (P-No. 1) 1,340 (725
Carbon-molybdenum steel (P-No. 3) 1,350 (730)
1Cr-%Mo (P-No. 4, Group No. 1) 1,375 (745)
1Y,cr-%Mo (P-No. 4, Group No. 1) 1,430 (775)
2Y,Cr-1Mo, 3Cr-1Mo (P-No. 5A) 1,480 (805)
5Cr-%Mo (P-No. 5B, Group No. 1) 1,505 (820)
9Cr 1,475 (800)
9Cr-1Mo-V, 9Cr-2W (P-No. 15E) 1,470 (800)

NOTE: (1) These values are intended for guidance only. The user may
apply values obtained for the specific material in lieu of these values.
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Table 129.3.3.1-1

UNS
Grade

Limitations in Lower Temperature Range

Limitations
in Higher Temperature Range

For Design Temperature

Exceeding

But Less
Than
or Equal to

Number

°F °C

°F °C

And Forming
Strains

For Design
Temperature
Exceeding

°F °C

And Forming
Strains

Required Heat Treatment

When Design
Temperature
and Forming
Strain Limits
Are Exceeded

91 K90901

1,000

540 1,115

600

>25%

1,115 600

>20%

Normalize and

emper

[Note (1]

Postbend_heat t
[Notes”(2), (3

1,000 540 1,115 600 >5% to <25% 1,115 600 >5% to <20%

reatment
), and (4)]

GENEHR
bends.

NOTES:

(1N
pd
pq

(2) Pd
Al

(3) F(q
if

LAL NOTE: The limits shown are for pipe and tube formed from plates, spherical or dished heads formed from plate, and ty
The forming strain limits tabulated in this table shall be divided by two if para. 129.3.4.2 is applied,

rmalization and tempering shall be performed in accordance with the requirements in the base matefial specification, and
rformed locally. The material shall either be heat treated in its entirety, or the cold-strained area/(ineluding the transition to th
rtion) shall be cut away from the balance of the tube or component and heat treated sepayately or replaced.

stbend heat treatments shall be performed at 1,350°F to 1,425°F (730°C to 775°C) for1 hr/in. (1 h/25 mm) or 30 mi
fernatively, a normalization and temper in accordance with the requirements in the base material specification may be
r materials with greater than 5% strain but less than or equal to 25% strain, with desigiftemperatures less than or equal to 1,11
h portion of the component is heated above the heat treatment temperature allowed in this table, one of the following acti

performed:

129.3.3 A postforming or postbending heat treatment
as deffined below is required for all ferritie alloy steel
(exclpding P-No. 1 and P-No. 15E) materials with a
nomihal pipe size 4 in. (DN 100) and larger or with a
nominal thickness of 0.50 in. (12.7ymm) or greater.

(a)| If hot bending or hot forming is performed, the
material shall receive a full anneal, normalization and
tempegr, or tempering heat treatment as specified by
the designer.

(b)| If cold bending'er cold forming is performed, a heat
treatiment is required at the time and temperature cycle
listed| for the‘material in Table 132.1.1-1.

129.3.3.1 Creep strength enhanced ferritic steels (P-
No. 15Ej) subject to forming or bending shall be heat

(a) The component in its entirety shall be renormalized and tempered:

(b) For BEP piping only, the allowable stress shall be that for Grade 9 material (i.e., ASME SA-213 T9, ASME SA-335 P9, o

product specification) at the design temperature, provided that thé’portion of the component that was heated to a

exceeding the maximum holding temperature is subjected to“a final heat treatment within the temperature range

time required in Note (2) above. The use of this provision shall be noted on the Manufacturer’s Data Report.

(4) If h longitudinal weld is made to a portion of the material that.is/cold strained, that portion shall be normalized and tempere
following welding. This normalizing and tempering shall not-be performed locally.

129.3.3.2 For materials withlessthanore
strain or design temperatures less than 1,000°
heat treatment is neither required nor prohib

129.3.4 Postbending or postforming heat trg
austenitic materials and nickel alloys shall be {
as described in paras. 129.3.4.1 through 129.3

129.3.4.1 Cold-formed areas of compone
factured of austenitic materials and nickel allo}
heat treated after forming if they exceed both
temperatures and forming strains s
Table 129.3.4.1-1. Forming strains shall be
as follows:
(a) For cylinders formed from plate

be and pipe

shall not be
b unstrained

i minimum.
erformed.

H°F (600°C),
ons shall be

I equivalent
lemperature
and for the

ll prior to or

ual to 5%
F (540°C),
ited.

atment of
erformed
4.6.

hts manu-
s shall be
he design
hown in
alculated

treated in accordance with the following rules. When
the material is cold formed or cold bent, cold forming
strains shall be calculated in accordance with
para. 129.3.4.1 or para. 129.3.4.2.

(a) If hot bending or hot forming is performed, and for
all cold swages, flares, or upsets, normalizing and
tempering of the material is required in accordance
with the requirements in the base material specification.

(b) If cold bending or cold forming is performed, the
material shall be heattreated aslisted in Table 129.3.3.1-1.

103

70 strain = 0%, Kf(l - Kf Kg)

(b) For spherical or dished heads formed from plate

% strain = 75tn/Rf(1 - Rf/Rg)

(c) For tube and pipe bends
% strain = 100r,4/R

where
R = centerline radius of bend

(24)
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R = mean radius after forming
R, = original mean radius (equal to infinity for a flat
plate)
roq = nominal outside radius of pipe or tube
t, = nominal thickness of the plate, pipe, or tube

before forming

129.3.4.2 When forming strains cannotbe calculated
as shown in para. 129.3.4.1, the manufacturer shall have

Ssziasian £
AT O 1O

130 REQUIREMENTS FOR FABRICATING AND
ATTACHING PIPE SUPPORTS

130.1 Pipe Supports

Standard pipe hangers and supports shall be fabricated
in accordance with the requirements of MSS SP-58.
Welders, welding operators, and WPSs shall be qualified
in accordance with the requirements of ASME BPVC,
Section IX.

the respomsibility—te—determine—them

strain.

FHRE

129.3.4.3 For flares, swages, or upsets, heat treat-
ment in accordance with Table 129.3.4.1-1 shall apply,
regardless of the amount of strain, unless the finishing
forming femperature is equal to or greater than the
minimum heat treatment temperature for a given
grade or UNS number material, provided the require-
ments of para. 129.3.4.5 are met.

129.3.4.4 Heat treatment, in accordance with
Table 129.3.4.1-1, shall not be required if the finishing
forming femperature is equal to or greater than the
minimum heat treatment temperature for a given
grade or UNS number material, provided the require-

ments of para. 129.3.4.5 are met.

129.3.4.5 The piping components being heat treated
shall bg held at the temperatures given in
Table 129(3.4.1-1 for 20 min/in. (20 min/25 mm) of thick-
ness, or for 10 min, whichever is greater.

129.3
ment of n
neither re
forming h
shall fully

129.3.5
ASTM A37
to strains
rial, the fu
in accord
material {

129.3.6

.4.6 Postbending or postforming heat treat-
haterials not identified in Table 129.3.4.1-1 is
quired nor prohibited. If a postbending or post-
eat treatment is to be performed, the designer
describe the procedure to be used.

For ASME SA/EN 10028-2 15NiCuMoNb 5-6-4,
5 P36, and ASTM F36, after; either cold bending
n excess of 5% or any hot bending of this mate-
Il length of the component shall be heat treated
ance with the réquirements specified in the
pecification.

For P-N0..10H materials, if heat treatment is
required gfter beiidinig or forming, it shall be performed in
accordande with the heat treatment specified in the ap-
plicable material specification.

130.2 Alternate Pipe Supports

Special hangers, supports, anchors, and/ guidef, not
defined as standard types of hanger components in
MSS SP-58, shall be welded in accordance with the re-
quirements of para. 127 (para.</32"is not applicable
except as required by the weld, procedure used) and
inspected in accordance with-the requirements of|para.
136.4.2.

130.3 Pipe Support Welds

Welds attachifighangers, supports, guides, and an|
to the piping system shall conform to the requireme
Chapters,V«and VI of this Code.

chors
nts of

131 _WELDING PREHEAT

131.1 Minimum Preheat Requirements

The preheat requirements listed herein are mand
minimum values.

The base metal temperature for the parts to be wj
shall be at or above the minimum temperature speci
Table 131.4.1-1 in all directions from the point of wy
for adistance of the larger of 3 in. (75 mm) or 1.5 tim
nominal material thickness (as defined in para. 13]

The base metal temperature for tack welds shall b
above the specified minimum temperature for a dig
not less than 1 in. (25 mm) in all directions from the
of welding.

ASME B31P may be used as an alternative in accor
with para. 127.4.10.

atory

elded
iedin
elding
es the
.4.3).
pator
tance
point

Hance

131.2 Different P-Number Materials

When welding two different P-Number materials, the
minimum preheat temperature required shall be the

129.3.7 Postbending or postforming heat treatment of
other materials is neither required nor prohibited. If a
postbending or postforming heat treatment is to be
performed, the designer shall fully describe the procedure
to be used.

104

higher temperature for the material to be welded as
shown in Table 131.4.1-1.

131.3 Preheat Temperature Verification

(a) The preheattemperature shall be checked by use of
temperature-indicating crayons, thermocouple pyrom-
eters, or other suitable methods to ensure that the
required preheat temperature is obtained prior to, and
uniformly maintained during, the welding operation.
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Table 129.3.4.1-1

Post-Cold-Forming Strain Limits and Heat Treatment Requirements for Austenitic Materials and Nickel Alloys

Limitations in Lower Temperature Range

For Design Temperature

Limitations in Higher
Temperature Range

Minimum Heat
Treatment

Temperature When
Design Temperature
And For Design And and Forming Strain
. But Less Than Forming Tempera‘ture Forming Limits Are Exceeded
UNS Exceeding or Equal to Strains Exceeding Strains [Notes (1) and (2)]
Grade Number °F °C °F °C Exceeding °F °C Exceeding °F °C
304 S30400 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040
304H S30409 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040
304N $30451 1,075 580 1,250 675 15% 1,250 675 10% 1,900 1040
309S S30908 1,075 580 1,250 675 20% 1,250 675 10% 2,000 1095
310H $31009 1,075 580 1,250 675 20% 1,250 675 10% 2,000 1095
310S $31008 1,075 580 1,250 675 20% 1,250 675 10% 2,000 1095
316 S31600 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040
316H S31609 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040
316N S31651 1,075 580 1,250 675 15% 1,250 675 10% 1,900 1040
321 §32100 1,000 540 1,250 675 15% 1,250 675 10% 1,900 1040
[Note (3)]
321H $32109 1,000 540 1,250 675 15% 15250 675 10% 2,000 1095
[Note (3)]
347 S34700 1,000 540 1,250 675 15% 1,250 675 10% 1,900 1040
347H S34709 1,000 540 1,250 675 15% 1,250 675 10% 2,000 1095
348 S34800 1,000 540 1,250 675 15% 1,250 675 10% 1,900 1040
348H S34809 1,000 540 1,250 675 15% 1,250 675 10% 2,000 1095
600 N06600 1,075 580 1,200 650 20% 1,200 650 10% 1,900 1040
617 N06617 1,200 650 1,400 760 15% 1,400 760 10% 2,100 1150
690 N06690 1,075 580 1,200 650 20% 1,200 650 10% 1,900 1040
800 N08800 1,100 595 1,250 675 15% 1,250 675 10% 1,800 980
800H N08810 1,100 595 1,250 675 15% 1,250 675 10% 2,050 1120
S30815 1,075 580 1,250 675 15% 1,250 675 10% 1,920 1050
N06022 1,075 580 1,250 675 15% 2,050 1120
GENERAL NOTE: The limitssshown are for pipe and tube formed from plates, spherical or dished heads formed from plate, and pipe and tube

bends.
table

NOTES:

(1) R4
(2) W

kee para. 129:34:2).

te of cooling from heat treatment temperature not subject to specific control limits.

(8

5°CG) above that minimum and 250°F (140°C) for Grades 347, 347H, 348, and 348H.

When the forming strains cannot be calculated as shown in para. 129.3.4.1, the forming strain limits shall be half those taby

hile nlinimum heat treatment temperatures are specified, itis recommended that the heat treatment temperature range be lim

lated in this

ted to 150°F

(3) For simple bends of tubes or pipes whose outside diameter is less than 3.5 in. (89 mm), this limit is 20%.

105
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(b) Thermocouples may be temporarily attached
directly to pressure-containing parts using the low-
energy capacitor discharge method of welding in accor-
dance with the requirements of para. 127.4.9(b).

131.4 Preheat Temperature

131.4.1 The minimum preheat temperature shall be as
stated in Table 131.4.1-1.

131.4.2_Hig 3
be requirgd by the WPS or by the designer.

131.6 Interruption of Welding

131.6.1 Interruption of Welding. After weld
commencgment, the interruption of preheat is discour-
aged prior to weld completion. The minimum preheat
temperature shall be maintained until any required
PWHT is performed on P-Nos. 3, 4, 54, 5B, 6, and 15E,
except when all of the following conditions are satisfied:

(a) A njinimum of at least % in. (10 mm) thickness of
weld is dgposited or 25% of the welding groove is filled,
whichevefr is less (the weldment shall be sufficiently
supported to prevent overstressing the weld if the weld-
ment is tp be moved or otherwise loaded). Caution is
advised that the surface condition prior to cooling
should bel smooth and free of sharp discontinuities.

(b) For|P-Nos. 3, 4, and 5A materials (with a chromium
content of 3.0% maximum), the weld is allowed to cool
slowly to [room temperature.

(c) For[P-No.5B (withachromium content greater than
3.0%), P{No. 6, and P-No. 15E materials, the weld._is
subjected|to a postweld hydrogen bakeout at 500°F to
750°F (260°C to 400°C) for 1 hr/in. (25 mm) of deposited
weld thickness with a controlled rate of cgoling and is
maintaingd in a dry environment. The preheat tempera-
ture may be reduced to 200°F (95°C) (minimum) for root
examinatjon without performing a poStweld hydrogen
bakeout.

(d) Aftg¢r cooling and before€ welding is resumed, visual
examination of the weld shall'be performed to ensure that
no cracks|/have formed.

(e) Reduired preheatshall be applied before welding is
resumed.

131.6.2| Comptetion of Welding. After weld completion
and prior fotRWHT, P-Nos. 5B, 6, and 15E shall satisfy the

lower (H5 designation on SAW flux) and suitably
controlled by maintenance procedures to avoid contam-
ination by hydrogen-producing sources. The surface of the
base metal prepared for welding shall be free of contami-
nants. The following additional exemptions shall apply:
(-a) GTAW welds with a thickness of '/, in.

(13 mm) or less that are wrapped in insulation and
allowed to cool slowly to the ambient temperature
after completion. Filler metal need not meet the H4 or
(-b) multiprocess welds incorporating, axG¢TAW

root and one or more hot passes not meeting’ the H4
or lower diffusible hydrogen requirements of (1),
when the remaining processes meet or exceed thd elec-
trode and fill metal requirements of)(1).
(-c) upon weld completion;)preheat is reduced
below the approximate martensite finish (Mf) tenlpera-
ture [see (b)], followed byprompt PWHT per [para.
132. A written procedure/shall be provided tp the
owner or the owner’stagent detailing the process| used
to minimize hydrogen exposure and the time Below
200°F (95°C) prior<to initiating the PWHT heating|cycle.
(b) P-No.15E materials are required to be cooled below
the approximate martensite finish (Mf) temperatureof the
filler metals'before PWHT is initiated. Approximgte Mf
temperatures are as follows:

(2) P-No. 15E filler metal Ni + Mn < 1.2% = B75°F
(d90°C)
(2) P-No. 15E filler metal Ni + Mn > 1.2% = P0O°F

(95°C)
132 POSTWELD HEAT TREATMENT

132.1 Minimum PWHT Requirements

132.1.1 Before applying the detailed requirements and
exemptions in these paragraphs, satisfactory qualifi¢ation
of the WPS to be used shall be performed in accorflance
with the essential variables of ASME BPVC, Sectipn IX,
including the conditions of postweld heat treatmgnt or
lack of postweld heat treatment and including pther
restrictions listed below. Except as otherwise profvided
in paras. 127.4.9, 132.2, and 132.3, all welds in materials
included in the P-Numbers listed in Table 132.1.1-1 shall
be given a postweld heat treatment within the tenpera-
ture range specified in Table 132.1.1-1. (The range peci-
fiedinTable 132 1 1-1 ‘m:\yhp madified hyTah]p 13211.1-2

following ‘conditions:

(a) The weld shall undergo a postweld hydrogen
bakeout at 500°F to 750°F (260°C to 400°C) for 1 hr/
in. (25 mm) of deposited weld thickness with a controlled
rate of cooling and be maintained in a dry environment.
Postweld hydrogen bakeout for P-No. 5B or P-No. 15E
materials may be omitted entirely when the following
condition applies:

(1) use of low-hydrogen electrodes and filler metals
classified by the filler metal specification with an optional
supplemental diffusible hydrogen designator of H4 or

for the lower limit and para. 132.2 for the upper limit.) The
materials in Table 132.1.1-1 are listed in accordance with
the material P-Numbers and Group numbers of ASME
BPVC, Section IX, Table QW/QB-422. (Note that the P-
Numbers are also listed in Mandatory Appendix A.)
Welds of materials not included in Table 132.1.1-1
shall be heat treated in accordance with the WPS. Auste-
nitizing PWHTs may be performed but are required to be
addressed within the qualified WPS.
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Table 131.4.1-1
Preheat Temperatures

Nominal Material

Thickness [Note (2)] Required Minimum Temperature

Base Metal Base Metal
P-Number [Note (1)] Group in. mm Additional Limits °F °C
1 Carbon steel <1 <25 None 50 10
>1 >25 %C < 0.30 [Note (3)] 50 10
>1 >25 %C > 0.30 [Note (3)] 200 95
3 Alloy steel <Y, <13 SMTS < 65 ksi (450 MPa) 50 10
Cr < %% >y, >13 SMTS < 65 ksi (450 MPa) 200 95
All All SMTS > 65 ksi (450 MPa) 200 95
4 Alloy steel All All None 250 120
%% < Cr < 2%
5A Alloy steel All All SMTS < 60 ksi (414 MPa) 300 150
SMTS > 60 ksi (414 MPa) 400 205
5B Alloy steel All All SMTS < 60 ksi (414 MPa) 300 150
All All SMTS > 60 ksi (414 MPa) 400 205
>l >13 %Cr > 6.0 [Note/(3)] 400 205
6 Martensitic All All None 400 205
stainless steel [Note (4)] [Note (4)]
9A Nickel alloy steel All All None 250 120
9B Nickel alloy steel All All None 300 150
101 27Cr steel All All None 300 150
[Note (5)] [Note (5)]
15E 9Cr-1Mo-V CSEF All All None 400 205
steel
All gther materials None 50 10
GENERAL NOTE: SMTS = specified minimum tensile strength.
NOTEY:
(1) P-Nos. and Group nos. from ASME BPV€, Section IX, QW/QB-422.
(2) THe nominal material thickness is defin€d in para. 132.4.3.
(3) Cdmposition may be based on ladle~or product analysis or per specification limits.
(4) Mjximum interpass temperature.600°F (315°C).
(5) Maintain interpass temperature between 300°F and 450°F (150°C and 230°C).
ASME B31P may(be used as an alternative in accordance 132.2 Mandatory PWHT Requirements
with para. 127.4.10. ) )
Heat treatment may be accomplished by a suitable
132.1.2 <Pressure part welds and attachment welds  heating method that will provide the desired heating
using|ferritic filler metals that have a specified chromium and cooling rates, the required metal temperature,
contel ive empera e uniformi empe conkrol.

treatment. The postweld heat treatment time and
temperature range used shall be that shown in
Table 132.1.1-1 for a base metal of similar composition.

132.1.3 For ASME SA/EN 10028-2 15NiCuMoNDb 5-6-4,
ASTM A335 P36, and ASTM F36, postweld heat treatment
is mandatory under all conditions. Postweld heat treat-
ment shall be in accordance with Table 132.1.3-1.

107

(a) With the exception of P-No. 15E, Group 1 materials
where Table 132.2-1, Note (8) applies, the upper limit of
the PWHT temperature range in Table 132.1.1-1 is a rec-
ommended value that may be exceeded provided the
actual temperature does not exceed the lower critical
temperature of either material (see Table 129.3.1-1).

(b) When parts of two different P-Numbers are joined
by welding, the postweld heat treatment shall be that
specified for the material requiring the higher PWHT
temperature. When a nonpressure part is welded to a
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Table 132.1.1-1
Postweld Heat Treatment

P-Number and Group Number
(ASME BPVC, Section IX,
QW/QB-420)

Holding Temperature Range,

°F (°C) [Note (1)]

Minimum Holding Time at Temperature
for Control Thickness [Note (2)]

<2 in. (50 mm)

>2 in. (50 mm)

P-No. 1, Groups 1-3

P-No. 3, Groups 1 and 2

1,100 to 1,200 (595 to 650)

1,100 to 1,200 (595 to 650)

1 hr/in. (25 mm),
15 min minimum

2 hr plus 15 min for each
additional inch (25 mm)

over 2 in. (50 mm)

P-No. 4, Gijoups T and 2 1,200 to 1,300 (650 to 705)
P-No. 54, Group 1 1,250 to 1,400 (675 to 760)
P-No. 5B, ¢roup 1 1,250 to 1,400 (675 to 760)
P-No. 6, Gijoups 1-3 1,400 to 1,475 (760 to 800)
P-No. 7, Gijoups 1 and 2 1,350 to 1,425 (730 to 775)
[Note (3)]
P-No. 8, Gjoups 1-4 PWHT not required unless
required by WPS
P-No. 94, ¢roup 1 1,100 to 1,200 (595 to 650)
P-No. 9B, ¢roup 1 1,100 to 1,175 (595 to 635)
P-No. 10H,|Group 1 PWHT not required unless
required by WPS
[Note (4)]
P-No. 101, Group 1 1,350 to 1,500 (730 to 815)
[Note (3)]
P-No. 15E,|Group 1 1,300 to 1,445 (705 to 785) 1 hr/in? (25 mm), 1 hr/in. (25 mm) up to
[Note (5)] [Notes (6), (7), (8)] 30" min minimum 5 in. (125 mm) plus
15 min for each
additional inch
(25 mm) over 5 in.
(125 mm)
All other npaterials PWHT as required-by  WPS Per WPS Per WPS
GENERAL NOTE: The exemptions for mandatory PWHT are defined in Table 132.2-1.
NOTES:
(1) The holing temperature range is further defined in paras. 132.1.1 and 132.2.
(2) The control thickness is defined in para.~432.4.1.
(3) Coolinglrate shall not be greater than _100°F (55°C) per hour in the range above 1,200°F (650°C), after which the cooling rate shall be
sufficiently rapid to prevent embrittlement.
(4) If PWHT is required, it shall be\performed in accordance with the heat treatment specified in the applicable material specificatjon.
(5) See parja. 125.1.2(c) for hardness requirements for ASTM A217, Grade C12A and ASTM A1091, Grade C91 castings after PWHT|
(6) The mifiimum PWHT helding temperature may be 1,250°F (675°C) for nominal material thicknesses (see para. 132.4.3) <% in. (1§ mm).
(7) For welds made with niekel-based filler metals, or with Grade 91 filler metal (AWS B9 or B91, ISO CrMo91, etc.) that has Ni + Mn contg¢nt less
than orfequal to 1.0%;the maximum holding temperature can be increased to 1,470° (800°C). However, if the PWHT encompasses njultiple
welds ahd any one of those welds was made with Grade 91 filler metal that has a Ni + Mn content greater than 1.0%, but not greater thap 1.2%,
or if the Ni&.Mn content of the filler is unknown, the maximum PWHT temperature shall be 1,445°F (785°C).
(8) If a portionyof 'a component is heated above the heat treatment temperature allowed in this table, one of the following actions srlall be
perfornred:

(a) The component in its entirety must be renormalized and tempered.
(b) Ifthe maximum holding temperature in the table or Note (7) above is exceeded but does not exceed 1,470°F (800°C), the weld metal
shall be removed, replaced, and heat treated in accordance with para. 132.
(c) The portion of the component heated above 1,470°F (800°C) and atleast 3 in. (75 mm) on either side of the overheated zone must be
removed and be renormalized and tempered or replaced.
(d) When approved by the owner, an evaluation considering the possible degradation of mechanical properties due to excessive heat
treatment temperatures confirms that the component is suitable for the specified design conditions in accordance with the rules of this Code.
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pressure part and PWHT is required for either part, the
maximum PWHT temperature shall not exceed the
maximum temperature acceptable for the pressure-
retaining part.

(c) When one of the parts in a joint is exempt from
PWHT, the time and temperature shall be that of the
part requiring PWHT. For a weld to be exempt, each
part shall satisfy the exemptions in para. 132.3 and the
notes applicable to its respective P-Number and Group
num

132.3 Exemptions to Mandatory PWHT
Requirements

132.3.1 Postweld heattreatmentis notrequired for the
following conditions unless required by the qualified WPS
or the designer:

(a) welds in nonferrous materials

(b) welds exemptedinTable132.1.1-1or Table 132.2-1

(c) welds subject to temperatures above the lower
critical temperature (see Table 129.3.1-1) during fabrica-

(d)
part g
PWH
temp

()
dama
ified {
use o

0

dator]

When a nonpressure part is welded to a pressure
nd PWHT is required for either part, the maximum
I temperature shall not exceed the maximum
prature acceptable for the pressure-retaining part.
Caution is necessary to preclude metallurgical
e to some materials or welds not intended or qual-
o withstand the PWHT temperatures required. The
[ material transition joint designs may be required.
The designer may require PWHT even if not man-
y per Table 132.1.1-1 or Table 132.2-1.

Table 132.1.1-2
Alternate Postweld Heat Treatment
bquirements for Carbon and Low Alloy Steels,
P-Nos. 1 and 3

Minimum Holding Time at
Decreased Temperature;

Ddcrease in Specified
Minimum Temperature,

°F (°C) hr [Note (1)]
50 (30) 2
100 (95) 4
150 (g5) [Note (2)] 10
200 (110) [Note (2)] 20
NOTEY:
(1) Times shown apply to control thicknesses <1 in. (25 mm). Add 15

mn/in. (25 mm) of thickness forcontrol thicknesses >1 in. (25

tion provided the WPS has been qualified with HWHT (see
para. 132.1) at the temperature range.to,b¢ reached
during fabrication

132.3.2 The postweld heat treatment exemptions of
Table 132.2-1 may be based on thié-actual chemi¢al compo-
sition as determined by a Jadlé or product analysis in
accordance with the magtetial specification |in lieu of
the specified or maximumspecified chemical composition
limits.

y attached
capacitor
th the re-

132.3.3 Thermocouples may be temporaril)
directly to préssure-containing parts using the
discharge miethod of welding in accordance w
quirements of para. 127.4.9(b).

132.4" Definition of Thicknesses for PWH[T

132.4.1 The term control thicknesses a
Tables 132.1.1-1 and 132.2-1 and their No
lesser thickness of (a) or (b) as follows:

(a) the thickness of the weld

(b) the thicker of the materials being joined 3
or the thickness of the pressure-containing mat
weld is attaching a non-pressure-containing mg
pressure-containing material

5 used in
tes is the

t the weld
erial if the
terial to a

132.4.2 For joints that contain more than o
weld, the thicknesses shall be added together to
the thickness of the weld. Thickness of the weld,
factor in determining the control thickness, is

ne type of
letermine
whichis a
Hefined as

including

e weld

mm) (see para. 132.4). follows:
(2) A ec.rease >100°F (55%C) below the minimum spec1f1edtem.pera— (a) groovewelds (girth and longitudinal) — fhe thicker
tufe is allowable only“for P-No. 1, Groups 1 and 2 materials. . .
of the two abutting ends after weld preparation
L.D. machining
Table 132.1.3-1 (b) fillet welds — the throat thickness of t
Postweld Heat Treatment (c) partial penetration welds — the depth of the weld
of 15NiCuMoNb 5-6-4/P36/F36 groove
Holdlng (r’) vn.afnvi-)] vnp-)iv welds the Aﬂpf‘]’! of fl’\v Cavity to
Temperature, be repaired
Class °F (°C) Holding Time (e) branch welds — the weld thickness is the dimen-
1 1,100-1,200 2 in. (50 mm) and less thickness: 1 hr/in. sion existing in the plane intersecting the longitudinal axes
(595-650) (25 mm), 15 min minimum and is calculated as indicated for each detail using
Over 2 in. (50 mm): add 15 min for each t. = the smaller of 1/4 in. (6 mm) or 0.7t b
additional 1 in. (25 mm) of thickness ¢ 1
2 1,000-1,150 1 hr/in. (25 mm), % hr minimum
(540-620)
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(1) for welds described in Figure 127.4.8-4:
Detail (a)

weld thickness = t,; + t,
Detail (b)

weld thickness = t,;, + ¢,

Detail (c)

(c) Direct impingement of flame on the assembly is
prohibited.

(d) The furnace shall be calibrated such that the PWHT
can be controlled within the required temperature range.

132.7 Local Heating

PWHT may be performed locally by heating a circum-
ferential band around the entire component with the weld
located in the approximate center of the band. The width of

welll thickness = greater of t,,, + ¢, or t,, + ¢,

Detail (d)

weld thickness = t,; + t,, + t.

Detail (e)

weld thickness = t,, + .

(2) for welds described in Figure 127.4.8-5:

weld thickness = t,, + £,

(3) fpr welds described in Figures 127.4.8-6 and
127.4.8-7

weld thigkness = depth of groove weld + throat thickness
of cover fillet
132.4.3| The term nominal material thickness as used in

Tables 13
sure-retai

1.4.1-1 and 132.2-1 is the thicker of the pres¢
hing materials being joined at the weld.

132.5 PWHT Heating and Cooling Requirements

Above $00°F (315°C), the rate of heatingrand cooling
shall not |exceed 600°F/hr (335°C/h)(diyided by one-
half the maximum thickness of material in inches at
the weld, [but in no case shall the(rate exceed 600°F/hr
(335°C/h]. (See Table 132.1.1-1\for cooling rate require-
ments for| P-Nos. 7 and 101 materials.)

132.6 Fu

(a) Hedting an assembly in a furnace should be used
when pragtical; hewever, the size or shape of the unit,
or the adverSeyeffect of a desired heat treatment on
one or mpre components where dissimilar materials

rnace Heating

the band heated to the specified temperature rangg shall
be atleast three times the wall thickness at the weld jof the
thickest part being joined. For nozzle angd, ‘attacfment
weld, the width of the band heated tg the spefified
temperature range shall extend beyond the njozzle
weld or attachment weld on each”side at leasf two
times the run pipe thickness and shall extend compfletely
around the run pipe. Guidance\for’the placement off ther-
mocouples on circumferential butt welds is provided in
AWS D10.10, Sections 5\6;and 8. Special consideration
shall be given to the placement of thermocouples when
heating welds adjacent to large heat sinks, such as
valves or fittings, or'when joining parts of different thick-
nesses. No part of the materials subjected to thg heat
source shalNexceed the lower critical temperatyre of
the material. Particular care shall be exercised when
the applicable PWHT temperature is close to the matgrial’s
lower critical temperature, such as for P-No. 15E mate-
rials, or when materials of different P-Nos. are peing
joined. This method may not be used for austenifizing
heat treatments.

133 STAMPING

Stamping, if used, shall be performed by a metho
will not result in sharp discontinuities. In no case
stamping infringe on the minimum wall thickng
result in dimpling or denting of the material
stamped.

i that
shall
Ss or
being

CAUTION: Detrimental effects can result from stamping of
material that will be in operation under long-term cre¢ep or
creep fatigue conditions.

135 ASSEMBLY

135.1 General

are involved, may dictate alternative procedures such
as heating a section before assembly or applying local
heating in accordance with para. 132.7.

(b) An assembly may be postweld heat treated in more
than one heat in a furnace provided there is at leasta 1 ft
(300 mm) overlap of the heated sections and the portion of
the assembly outside the furnace is shielded so that the
temperature gradient is not harmful. This method may not
be used for austenitizing heat treatments of ferritic mate-
rials.

112

I'he assembly of the various piping components,
whether done in a shop or as field erection, shall be
done so that the completely erected piping conforms
with the requirements of the engineering design.

135.2 Alignment

135.2.1 Equipment Connections. When making
connections to equipment, such as pumps or turbines
or other piping components that are sensitive to exter-
nally induced loading, forcing the piping into alignment

(24)
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is prohibited if this action introduces end reactions that
exceed those permitted by design.

135.2.2 Cold Springs. Before assembling joints in
piping to be cold sprung, an examination shall be
made of guides, supports, and anchors for obstructions
that might interfere with the desired movement or
result in undesired movement. The gap or overlap of
piping prior to assembly shall be checked against the
design specifications and corrected if necessary.

135.3.6 Nonmetallic Lined Joints. When assembling
flanges for nonmetallic lined joints, such as those
between plastic-lined steel pipe, consideration should
be given to maintaining electrical continuity between
flanged pipe sections where required.

135.4 Packed Joints and Caulked Joints

Care shall be used to ensure adequate engagement of
joint members. Where packed joints are used to absorb

135.3 Bolted Flanged Connections

1349.3.1 Fit Up

(a)| All flanged joints shall be fitted up so that the gasket
contart surfaces bear uniformly on the gasket and then
shall pe made up with relatively uniform bolt stress.

(b)| Any damage to the contact surface that would
prevgnt leak-free gasket seating shall be repaired, or
the flange shall be replaced. For further guidance, see
ASMH PCC-1.

135

(a)
shall
desig
used.

(b)

in asy

135
flang
shall
cast i

135.3.4 Bolting. All bolts shall be engaged so that there
is visible evidence of complete threading through the nut
or threaded attachment.

.3.2 Gaskets

When bolting gasketed flange joints, the gasket
be properly compressed in accordance with the
h principles applicable to the type of gasket being

Only one gasket shall be used between contact faces
embling a flanged joint.

.3.3 Cast Iron to Steel Joints. Cast iron to steel
ed joints bolted in accordance with para. 108.3
be assembled with care to prevent damage to the
ron flange.

133

(a)| Assembly requiréments for bolted flanged joints
shall{be considered)in the engineering design. For
guidapnce, see ASME\PCC-1.

(b)| When the-flanges to be joined have different
mechpnical properties, bolts shall be torqued in accor-
dancg with the designer's specifications.

.3.5 Flanged Joint Assembly

thermal expansion, proper clearance shall be p}ovided at
the bottom of the sockets to permit movemerit.

135.5 Threaded Piping

135.5.1 Thread Compound. Any. compound or lubri-
cant used in threaded jointg shall be suitable for the
service conditions and sHall be compatible] with the
piping material and the«sexvice fluid.

135.5.2 Joints for;Seal Welding. Threaded
are intended to be ‘seal welded in accords
para. 127.4.5/should be made up without a
compound.

135.5.3 Joints Using Straight Threads. Sqme joints
usingsstraight threads, with sealing at a surface other
than, threads, are shown in Figure 135.5.3-1. Care shall
be‘used to avoid distorting the seal when incqrporating
such joints into piping assemblies by welding qr brazing.

135.5.4 Backing Off. Backing off threaded
allow for alignment is prohibited.

oints that
nce with
hy thread

joints to

135.6 Tubing Joints

135.6.1 Flared. The sealing surface shall
injurious defects before installation.

be free of

135.6.2 Flareless and Compression. Flaneless and
compression joints shall be assembled in a¢cordance
with the manufacturer’s recommendations.

135.7 Ductile Iron Bell End Piping

Assembly of ductile iron pipe, using ANY
C111/A21.11 mechanical or push-on joi
comply with AWWA C600.

I/AWWA
hts, shall
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Figure 135.5.3-1
Typical Threaded Joints Using Straight Threads

SR

Gasket or |

chas- [ I

GENERAL N

oY)

Gasket or
O-ring

(a) (b) (c)

OTE: Threads are ASME B1.1 straight threads.
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Chapter VI
Inspection, Examination, and Testing

136 INSPECTION AND EXAMINATION

136.]

136.1.1 General. Inspection is the responsibility of the
ownel and may be performed by employees of the owner
or a party authorized by the owner, except for Authorized
Inspekction required by para. 136.2.

136.1.2 Verification of Compliance. Prior to initial
operation, a piping installation shall be inspected to
ensutle that the piping has been constructed in accordance
with the design, material, fabrication, assembly, examina-
tion, and testing requirements of this Code.

(a)| For boiler external piping (BEP), the Authorized
Inspector shall verify, in accordance with ASME BPVC,
Sectign I, PG-90, compliance with the requirements of
this Jode when the ASME Certification Mark and Desig-
nator| are to be applied. The quality control system re-
quirgments of ASME BPVC, Section I, Nonmandatoty
Appendix A, A-301 and A-302 shall apply.

(b)| For nonboiler external piping (NBEP), the owner
shall gnsure that the design and construction.do¢cuments
and the requirements of this Code have béen‘complied
with |n accordance with the owner’s requirements.

(c)| For metallic nonboiler external\ piping-covered
pipinjg systems (NBEP-CPS), thelowner shall ensure
that the design, fabrication, and.construction records;
documments; and reports are generated, compiled, distrib-
uted,|and maintained in-accordance with Mandatory
Appepdix R.

136.1.3 Rights ofdnspectors. Inspectors shall have
acceds to any place where work concerned with the
piping is being performed. This includes manufacture,
fabridationsheat treatment, assembly, erection, examina-
tion, and testmg ofthe plplng They shall have the rlght to
auditla X
approprlate exammatlon method requ1red by the engl-
neering design or this Code, and to review all certifications
and records necessary to satisfy the owner’s responsi-
bility as stated in para. 136.1.1.

Inspection

136.1.4 Qualifications of the Owner’s Inspector

(a) The owner’s Inspector shall be designated to
perform inspections on behalf of the owner and shall
be an employee of the owner, an engineering or scientific
organization, or a recognized insurance or inspection
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company acting as the owner’s agent. Thg owner’s
Inspector shall not represent nor be an [emjployee of
the piping manufacturer, fabricator, ‘or,erecfor unless
the owner is also the manufacturer, fabricator, ¢r erector.

(b) The owner’s Inspector~shall meet ope of the
following requirements:

(1) have at least 10 yt of experience in the design,
manufacture, erection, fabrication, inspection, |or exami-
nation of piping systé€ms. Each year of satisfactorily
completed work toward an accredited engineering or
engineering techhology degree shall be cqnsidered
equivalent te- X yr of experience, up to 5 yr tdtal.

(2) have‘a professional engineering regidtration or
nationally recognized equivalent with a minimum of 5
yr of<experience in the design, manufacture/ erection,
fabFication, inspection, or examination of piping systems.

(3) beacertified Welding Inspector or a Sepior Certi-
fied Welding Inspector as defined in AWS QC1, o[ a nation-
ally recognized equivalent, with a minimum jof 5 yr of
experience in the design, manufacture, erectiop, fabrica-
tion, inspection, or examination of piping systems.

(4) be an Authorized Piping Inspector as fdefined in
API 570 with a minimum of 5 yr of experiefice in the
design, manufacture, erection, fabrication, ipspection,
or examination of piping systems.

(c) In delegating the performance of inspe
owner is responsible for determining that a
whom an inspection function is delegated is
to perform that function.

tions, the
person to
qualified

thorized
g

ction and
cordance
construc-
e Author-
ized Inspector atsuch stages ofthe work as the Authorized
Inspector may designate. For specific requirements see
the applicable parts of ASME BPVC, Section I, PG-104
through PG-113. Each manufacturer, fabricator, or assem-
bler is required to arrange for the services of Authorized
Inspectors.

136.2 Inspection and Qualification of A
Inspector for Boiler External Pipi

136.2.1 Piping for which Authorized Inspsg
stamping are required as determined in ad
w1th para. 100.1.2(a) shall be 1nspected during

afte

136.2.1.1 The Authorized Inspection required by this
Code Section shall be performed by an Inspector employed
by an ASME-accredited Authorized Inspection Agency.
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136.2.2 Certification by use of the ASME Certification
Mark and Designators, and Data Reports where required,
shall be as per ASME CA-1.

136.3 Examination

136.3.1 General. Examination denotes the functions
performed by the manufacturer, fabricator, erector, or
a party authorized by the owner that include nondestruc-
tive examinations (NDE), such as visual, radiography,

136.4.2 Visual Examination

(a) Visual examination as defined in para. 100.2 shall
be performed in accordance with the requirements
described in ASME BPVC, Section V, Article 9. Visual exam-
inations may be conducted, as necessary, during the fabri-
cation and erection of piping components to provide
verification that the design and WPS requirements are
being met. In addition, visual examination shall be
performed to verify that all completed welds in pipe

ultrasonid, eddy current, liquid penetrant, and magnetic and piping components comply with the acceptancd stan-
particle methods. The degree of examination and the  dards specified in (b) or with the limitations on/imperfec-
acceptande standards beyond the requirements of this  tions specified in the material specificationumder Wwhich
Code sha{t be a matter of prior agreement between the the pipe or component was furnished.
manufactyrer, fabricator, or erector and the owner. Records of individual examinations\are not reqpired,
. except for the in-process examination specified in
136.3.2| Qualification of NDE Personnel para. 136.4.7.
(a) Personnel performing nondestructive examination (b) Acceptance Standards. ‘Fhé following indicgtions
to the reduirements of this Code shall be qualified and are unacceptable:
certified for the method to be utilized in accordance (1) cracks — externalsurface.
with theirlemployer's written practice. The written prac- (2) undercuton thesurface thatis greater than /3 in.
tice shall|be based on the training, examination, and (0.8 mm) deep, orlencroaches on the minimum required
experience requirements of one of the following: section thickness.
(1) ASME BPVC, Section V, Article 1 (3) undercut on the surface of longitudinal butt
(2) ASNT CP-189 welds.
(3) ASNT SNT-TC-1A (4).weld reinforcement greater than specified in
(4) 180 9712 Table(127.4.2-1.
(5) dther national or international central certifica- (5) lack of fusion on surface.
tion progfams or standards (6) incomplete penetration (applies only when
(b) Alsp, personnel qualified to AWS QC1 may be used - inside surface is readily accessible).
for the vigual examination of welds, provided they meet (7) any otherlinear indications greater than %4 in. (5
the annual visual acuity examination and the J1 visual =~ mm) long.
acuity requirements of ASME BPVC, Section V, Atticle 9. (8) surface porosity with rounded indications Having
dimensions greater than %4 in. (5 mm) or four or|more
136.4 Examination Methods of Welds rounded indications separated by % in. (1.5 mm) dr less
136.4.1 Nondestructive Examination. Nondestructive edge to edge n any dlre.cuon' .
o . . (9) arc strikes outside of the weld joint.
examinations shall be performed in aeccordance with the
requireménts of this Chapter. Thetypes and extent of man- 136.4.3 Magnetic Particle Examination. Whehever
datory examinations for pressuire welds and welds to required by this Chapter (see Table 136.4.1-1), magnetic
pressurg-retaining compenents are specified in particle examination shall be performed in accorflance
Table 136.4.1-1. For wé€lds other than those covered with the requirements of ASME BPVC, Sectipn V,
by Table [136.4.1-1, only visual examination is required. Article 7.
Welds requiring nondestructive examination shall comply (a) Evaluation of Indications
with the dpplicablévdcceptance standards for indications (1) Mechanical discontinuities at the surface will be
as specifigd inCparas. 136.4.2 through 136.4.6. As a guide, indicated by the retention of the examination medium. All

the detectjon’capabilities for the examination method are

indications are not necessarily defects; however, certain

shown in Table 136.4.1-2. Welds not requiring examina-
tion (i.e., RT,UT, MT, or PT) by this Code or the engineering
design shall be judged acceptable if they meet the exam-
ination requirements of para. 136.4.2 and the pressure
test requirements specified in para. 137. NDE for
P-Nos. 3, 4, 5A, 5B, and 15E material welds shall be
performed after postweld heat treatment unless directed
otherwise by engineering design. Required NDE for welds
in all other materials may be performed before or after
postweld heat treatment.
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metallurgical discontinuities and magnetic permeability
variations may produce similar indications that are not
relevant to the detection of unacceptable discontinuities.

(2) Any indication that is believed to be nonrelevant
shall be reexamined to verify whether or notactual defects
are present. Surface conditioning may precede the reex-
amination. Nonrelevant indications that would mask indi-
cations of defects are unacceptable.

(3) Indications whose major dimensions are greater
than % in. (1.5 mm) shall be considered relevant.
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Table 136.4.1-2
Weld Imperfections Indicated by Various Types of Examination

Imperfection Visual Magnetic Particle Liquid Penetrant Radiography Ultrasonic
Crack — surface X [Note (1)] X [Note (1)] X [Note (1)] X X
Crack — internal X X
Undercut — surface X [Note (1)] X [Note (1)] X [Note (1)] X
Weld reinforcement X [Note (1)] X
Porosity X[ Notes{1}{2}] X-[Notes (1},2}} X-[Notes (1},2}} X
Slag inclusipn X [Note (2)] X [Note (2)] X [Note (2)] X X
Lack of fusjon (on surface) X [Notes (1), (2)] X [Notes (1), (2)] X [Notes (1), (2)] X X
Incomplete|penetration X [Note (3)] X [Note (3)] X [Note (3)] X X

NOTES:

(1) Applies|when the outside surface is accessible for examination and/or when the inside surface is readily accessible.
(2) Discontiinuities are detectable when they are open to the surface.

(3) Applies|only when the inside surface is readily accessible.

(4) An indication of a discontinuity may be larger
than the gdliscontinuity that causes it; however, the size
of the indication and not the size of the discontinuity
is the basfs of acceptance or rejection.

(b) Acdeptance Standards. Indications whose major
dimensiofs are greater than % in. (1.5 mm) shall be
considered relevant. The following relevant indications
are unaccgptable:

(1) any cracks or linear indications

(2) rounded indications with dimensions greater
than % in. (5 mm)

(3) four or more rounded indications in a line sepa*
rated by Vi6 in. (1.5 mm) or less, edge to edge

(4) tén or more rounded indications in any6 in.”
(3870 mrh?) of surface with the major dimension of this
areanottg exceed 6in. (150 mm) with the area‘taken in the
most unfayorable location relative to the'indications being
evaluated

136.4.4 Liquid Penetrant Examination. Whenever
required py this Chapter (s€e Table 136.4.1-1), liquid
penetrant{examination shall:be performed in accordance
with the requirements of ASME BPVC, Section V, Article 6.

(a) Evdluation ofIndictations

(1) Mechanical discontinuities at the surface will be
indicated py bléeding out of the penetrant; however, loca-
lized surfage_imperfections, such as may occur from

ini k £ diti 4
machlnln; Inar S Oor Sracoe con 1 1(\1’1(" md}] pr‘n lce

(4) An indication‘of'a discontinuity may be larger
than the discontinuity’that causes it; however, the size
of the indicatiomand not the size of the discontjnuity
is the basis of dcceptance or rejection.

(b) Acceptance Standards. The following relevan
cations are-linacceptable:

(1)< any cracks or linear indications

(2) rounded indications with dimensions gieater
thah % in. (5 mm)

(3) four or more rounded indications in a line|sepa-
rated by %, in. (1.5 mm) or less edge to edge

(4) ten or more rounded indications in any|6 in.”
(3870 mm?) of surface with the major dimension ¢f this
areanotto exceed 6 in. (150 mm) with the area taken(in the
most unfavorable location relative to the indicationsfbeing
evaluated

indi-

136.4.5 Radiography

(a) When required by this Chapter (see Table
136.4.1-1), radiographic examination shall be perfqrmed
in accordance with the requirements of ASME BPVC,
Section V, Article 2, except that the requirements| of T-
274 are to be used as a guide but not for the rej¢ction
of radiographs unless the geometrical unsharpness
exceeds 0.07 in. (2.0 mm).

(b) Acceptance Standards. Welds that are shown by
radiography to have any of the following types of discon-

similar indications that are nonrelevant to the detection
of unacceptable discontinuities.

(2) Any indication that is believed to be nonrelevant
shall be regarded as a defect and shall be reexamined to
verify whether or not actual defects are present. Surface
conditioning may precede the reexamination. Nonrele-
vant indications and broad areas of pigmentation that
would mask indications of defects are unacceptable.

(3) Indications whose major dimensions are greater
than % in. (1.5 mm) shall be considered relevant.

tinuities are unacceptable:
(1) any type of crack or zone of incomplete fusion or
penetration
(2) any other elongated indication that has a length
greater than
(-a) Y, in. (6 mm) for t up to % in. (19 mm), inclu-
sive
(-b) Ystfortover?,in.(19 mm)to 2%, in. (57 mm),
inclusive

(24)
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(-c) %,in.(19 mm) for tover 2%, in. (57 mm) where
t is the thickness of the weld being examined. If the weld
joins two members having different thicknesses at the
weld, t is the thinner of these two thicknesses.

(3) any group of indications in line that have an
aggregate length greater than t in a length of 12¢,
except where the distance between the successive indica-
tions exceeds 6L where L is the longest indication in the

ments of para. 136.3.2. Personnel, procedures, and equip-
ment used to collect and analyze UT data shall have
demonstrated their ability to perform an acceptable exam-
ination using test blocks approved by the owner.

(b) Acceptance Standards. Welds that are shown by
ultrasonic examination to have discontinuities that
produce an indication greater than 20% of the reference
level shall be investigated to the extent that ultrasonic

group examination personnel can determine their shape, iden-
(H—peresity-inexeess-of that shownas-aceeptable-in tity-and-locationso-that-they-may-evaluate-earh discon-
ASMH BPVC, Section I, Nonmandatory Appendix A, A-250. tinuity for acceptance in accordance with (1).@and (2).

5) for circumferential groove welds, undercutting
adjacent to the cover pass (EU) or undercutting adjacent
to th¢ root pass (IU) shall be considered unacceptable
should either of the following conditions exist:

(-a) the aggregate length of EU and IU, in any
combination, in any continuous 12 in. (300 mm) length
of weld exceeds 2 in. (50 mm)

(-b) the aggregate length of EU and IU, in any
combjnation, exceeds one-sixth of the weld length

6) undercut on the outside (0.D) or inside (I.D.)
fe of longitudinal butt welds is unacceptable

7) root concavity when the density or brightness of
the rdot image is darker than the density through the adja-
cent pase metal. For digital radiography, brightness
compprison may be used.

Foi the radiography of welds, the area of interest shall
inclugle the weld and all adjacent areas within atleast %, in.
(6 min) from the toe of the weld. For listed components,
the arfea of interest shall end at the toe of the weld on\the
listed] component side. Relevant indications outside the
area ¢f interest shall be investigated and their.disposition
determined by the owner.

Forf image quality indicator (IQI) selection for welds
with freinforcement, the thickness used*shall be either
the npminal wall thickness, t,, or the minimum required
thickness, t,,. In either case, the selected thickness shall
also Jiclude the allowable combined internal and external
reinforcement thicknessesyas-specified in Table 127.4.2-1.

136

surfa

.4.6 Ultrasonic"Examination. When required by

ks, lack of
cceptable

(1) Discontinuities evaluated as being cra
fusion, or incomplete penetration are una
regardless of length.

(2) Otherdiscontinuities areunacceptable
cation exceeds the reference leyel and their leng
the following:

(-a) Y4 in. (6 mmfor t up to ¥, in. (19 thm) inclu-

ifthe indi-
th exceeds

sive.
(-b) Ystfortover ¥, in. (19 mm) to 2%, i
inclusive.
(-c) 3in. (19 mm) fortover 2%, in. (57 m) where
t is the thicknhess of the weld being examined. If the weld
joins twe, members having different thicknesgses at the
weldy tis the thinner of these two thicknesses.
(€) As an alternative to (b)(1) and (b)(2), the fracture
mechanics ultrasonic acceptance criteria in Mlandatory
Appendix O may be used, provided all of the reqpirements
of Mandatory Appendix O are met.

.(57 mm)

136.4.7 In-Process Examination. When rejquired by
para. 137.4.6, para. 137.5.6, or para. 137|8 of this
Chapter, in-process visual examination shall be performed
and/or witnessed by qualified personnel other than those
performing the production work. It shall also bg¢ in accor-
dance with para. 136.4.2, which comprises exanination of
the following, as applicable:

(a) joint preparation and cleanliness

(b) preheating

(c) fit-up, joint clearance, and internal alignihent prior
to joining
Focedure,

this Chapter (see Table 136.4.1-1), ultrasonic examination (d) variables specified by the joining p

(UT) phall be performed in accordance with the require- including filler material

ment$ of ASME BPVC, Section V, Article 4 and the addi- (1) for welding: position and electrode

tional requirements below. (2) for brazing: position, flux, brazing temperature,
(a)| Thefollowing criteria shall also be met when proper wetting, and capillary action

perfo ming ultrasonic examinations: (p) Fnru/r-\]ding- condition ofthe rootpass aftd

r cleaning

(1) The equipment used to perform the examination
shall be capable of recording the UT data to facilitate the
analysis by a third party and for the repeatability of subse-
quent examinations, should they be required. Where
physical obstructions prevent the use of systems
capable of recording the UT data, manual UT may be
used with the approval of the owner.

(2) NDE personnel performing and evaluating UT
examinations shall be qualified and certified inaccordance
with their employer’s written practice and the require-

119

(external and, where accessible, internal) aided by liquid
penetrant or magnetic particle examination when speci-
fied in the engineering design

(f) for welding: slag removal and weld condition
between passes

(g) appearance of the finished joint
NOTE: The method of examination is visual, in accordance with
para. 136.4.2, unless additional methods are specified in the
engineering design.

(24)
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137 PRESSURE TESTS

137.1 General Requirements

137.1.1 Subassemblies. When conducted in accor-
dance with the requirements of this Code, the pressure
testing of piping systems to ensure leak tightness shall
be acceptable for the determination of any leaks in
piping subassemblies.

137.1.2 Temperature of Tes 3
ture of tHe test medium shall be that of the available
source unless otherwise specified by the owner. The
test presdqure shall not be applied until the system and
the presgurizing medium are approximately at the
same temperature. When conducting pressure tests at
low metalftemperatures, the possibility of brittle fracture
shall be cpnsidered.

137.1.3| Personnel Protection. Suitable precautions in
the event pf piping system rupture shall be taken to elim-
inate hazqrds to personnel in the proximity of lines being
tested.

137.1.4 Maximum Stress During Test. At no time
during thle pressure test shall any part of the piping
system be|subjected to a stress greater than that permitted
by para. 102.3.3(b).

137.1.5| Testing Schedule. Pressure testing shall be
performef following the completion of postweld heat
treatment| required by para. 132, nondestructive exami-
nations required by Table 136.4.1-1, and all other fabrica“
tion, assernbly, and erection activities required to provide
the systerh or portions thereof subjected to the pressure
test with pressure-retaining capability.

137.2 Prpparation for Testing

137.2.1| Exposure of Joints

(a) Th¢external surface of all joints including welds not
previously pressure tested shall'be left exposed for exam-
ination dyring the test, exceptas allowed in (b) or (c) and
para. 137}4.6.

(b) By|prior agreement, the complete system or
portions thereof Subject to the test may be insulated
prior to the test period, provided an extended holding
time prefsurization of the system is performed to
check for possible leakage through the insulation barrier.

support the weight of the test liquid. Such supports
shall meet the requirements for testing and system
cleanup procedures described in para. 122.10.

137.2.3 Restraint or Isolation of Expansion Joints.
Expansion joints shall be provided with temporary
restraint if required for the additional pressure load
under test, or they shall be isolated during the system test.

137.2.4 Isolation of Equipment and Piping Not
Subie ad-to-Pre ure ast—E Horren hat ot to
be subjected to the pressure test shall be either\dlscon-
nected from the system or isolated by a blank.or sjmilar
means. Valves may be used for this purpose'providefd that
valve closure is suitable for the proposed-test prepsure.
The owner shall be aware of the limitations of prdssure
and temperature for each valve subject to test condjitions
and as further described in para.107.1(c). Isolated gquip-
ment and piping shall be vented.

137.2.5 Treatment ofFlanged Joints Contajining
Blanks. Flanged jointstat which blanks are inserfed to
blank off other equipment during the test need 1ot be
tested after removal of the blank provided the require-
ments of para137.7.1 are subsequently performegd.

137.2.6< Precautions Against Test Medium Expansion.
If a preSSure test is to be maintained for a period of time
durihg which the test medium in the system is subject to
thermal expansion, precautions shall be taken to [avoid
ekcessive pressure. A pressure relief device set 4t 1%
times the test pressure is recommended during the|pres-
sure test, provided the requirements of paras. 137.1.4,
137.4.5, and 137.5.5 are not exceeded.

137.3 Requirements for Specific Piping SystIms

137.3.1 Boiler External Piping. Boiler external piping
[see para. 100.1.2(a)] shall be hydrostatically tested in
accordance with ASME BPVC, Section I, PG-99. Th test
shall be conducted in the presence of the Authqrized
Inspector.

137.3.2 Nonboiler External Piping. All nonboiler
external piping shall be hydrostatically tested in accor-
dance with para. 137.4. As an alternative, when specified
by the owner, the piping may be leak tested in accorflance
with para. 137.4.6, para. 137.5, para. 137.6, or para. 137.7.
Lines open to the atmosphere, such as vents or drains

(c) Unless permitted by the owner or the engineering
design, pressure-retaining welds shall not be painted or
coated either internally or externally prior to the pressure
test. Coatings applied to completed welds as corrosion
inhibitors that will be removed prior to the pressure
test are permitted.

137.2.2 Addition of Temporary Supports. Piping
systems designed for vapor or gas shall be provided
with additional temporary supports if necessary to

downstream of the 1ast snutoff vaive, need not be tested.
Where the owner and the designer consider both hydro-
static and pneumatic testing impracticable, the alternative
specified in para. 137.8 may be used if both (a) and (b)
apply.
(a) A hydrostatic test would
(1) damage lining or internal insulation, or
(2) contaminate a process that would be hazardous,
corrosive, or inoperative in the presence of moisture, or
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(3) present the danger of brittle fracture due to low
metal temperature during the test and it is impossible to
test at a higher temperature.

(b) A pneumatic test would

(1) present an undue hazard of possible release of
energy stored in the system and it is impossible to
provide protection for personnel, or

(2) present the danger of brittle fracture due to low
metal temperature during the test and it is impossible to

137.4.6 Special Provisions for Testing

(a) Piping components and subassemblies may be
tested either separately or as assembled piping.

(b) Flanged joints used to connect piping components
and subassemblies that have previously been tested, and
flanged joints at which a blank or blind is used to isolate
equipment or other piping during a test, need not be leak
tested in accordance with para. 137.3.2.

(c) The final welds (closure welds) connecting piping
ully tested

test at-ahighertemperature: Systems-or-components-thathave beensueeesst

g P Systems-er-components-thathave beenstueeess

in accordance with para. 137 need not be lg

137.4 Hydrostatic Testing provided the owner and designer agree\that

137.4.1 Material. When permitted by the material not b? lea}< tested. HoweYer, the weld [shall b

specification, a system hydrostatic test may be performed exammed. n accor.dance with parg, 136'_4'7 and

in liep of the hydrostatic test required by the material volumetrlcally using 100% radiographic exam

specifications for material used in the piping subassembly facco.rda.nce with para. 1?_’6'4'5 95°100% ultrasq
or sygtem, provided the minimum test pressure required ination in accordance wigf@ara. 136.4.6.

for th

137
shall
the p
air p
Venti

e piping system is met.

.4.2 Provision of Air Vents at High Points. Vents
be provided at all high points of the piping system in
sition in which the test is to be conducted to purge
ckets while the component or system is filling.
hg during the filling of the system may be provided

ak tested
the weld
e visually
examined
ination in
nic exam-

nine NBEP
joints or
nections
pipe) and
d connec-
for leaks
pt:

(d) When it is impracticable to visually exan
joints or connections during a leak test (e.g.
connections in buried pipe, joints or cor
embedded in_conérete, double wall carrier
when approved by the owner, NBEP joints an|
tions may bé“exempt from visual examination
when alhof the following requirements are m

by th¢ loosening of flanges having a minimum of four bolts {19 Welded joints shall be 100% volurpetrically
or by|the use of equipment vents. examined, in accordance with para. 136.4.§ or para.
137.4.3 Test Medium. Water shall normally be used as 136.4.6. .
the test medium unless otherwise specified by the ownery (2) The test pressure shall be. }.leld_ for a minimum of
Test water shall be clean and shall be of such quality asto 1 hr to allow for temperature stabilization. (AS'M E1003
minirpize corrosion of the materials in the piping syStem. or ASTM E2930 may be used as a re.ference.)
Further recommended precautions on the qualitjof test (3)_ The pressure and atmqspherlc tempergture shall
water used for hydrotesting of austenitic (300.series) and be continuously monitored during the test, recqrded, and
ferritic (400 series) stainless steels are‘contained in then made a part. of the record..
Nonnjandatory Appendix 1V, para. IV-3.4. 4) Any.loss in pressure durl.ng the course pfthe lgak
test, not attributed to atmospheric changes, shall require
137.4.4 Check of Test Equipment Before Applying  that the source of leakage be determined, rephired, and
Pressure. The test equipment shall be examined before reexamined and the system retested.
presspre is applied to ensure that it is tightly connected.
Allloy-pressure filling linesand all other items notsubject ~ 137.5 Pneumatic Testing
;cl(;l:,hee‘ts:tolz;(eeis:l:ﬁcasgllillnll):aglssconnected or isolated by 137.5.1 General. Except for preliminary festing in
' accordance with para. 137.5.4, pneumatic tegting shall
137.4.5 Required Hydrostatic Test Pressure. The not be used unless the owner specifies pheumatic
hydrstatic_test pressure at any point in the piping testing or permits its use as an alternative. It|is recom-
system shallnotbe less than 1.5 times the design pressure, mended that pneumatic testing be used only when one
but shall hot exceed the maximum allowable test pressure of the following conditions exists:
of anytnonisolated components, such as vessels, pumps, or (a) when piping systems are so designed|that they

valves, nor shall it exceed the limits imposed by
para.102.3.3(b). The pressure shall be continuously main-
tained for a minimum time of 10 min and may then be
reduced to the design pressure and held for such time
as may be necessary to conduct the examinations for
leakage. Examinations for leakage shall be made of all
joints and connections. The piping system, exclusive of
possible localized instances at pump or valve packing,
shall show no visual evidence of weeping or leaking.

121

cannot be filled with water
(b) when piping systems are to be used in services
where traces of the testing medium cannot be tolerated

137.5.2 Test Medium. The gas used as the test medium
shall be nonflammable and nontoxic. Since compressed
gas may be hazardous when used as a testing medium,
itis recommended that special precautions for protection
of personnel be observed when a gas under pressure is
used as the test medium.
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137.5.3 Check of Test Equipment Before Applying
Pressure. The test equipment shall be examined before
pressure is applied to ensure that it is tightly connected.
All items not subjected to the test pressure shall be discon-
nected or isolated by valves or other suitable means.

137.5.4 Preliminary Test. A preliminary pneumatic
test not to exceed 25 psig [175 kPa (gage)] may be
applied, prior to other methods of leak testing, as a
means of locating major leaks. If used, the preliminary

shall be tested by a method, such as helium mass-spectro-
meter test or halide test, which has the required sensi-
tivity.

137.6.2 When a mass-spectrometer or halide test is
performed, it shall be conducted in accordance with
the instructions of the manufacturer of the test equipment.
In all cases, a calibrated reference leak, with aleak rate not
greater than the maximum permissible leakage from the
system, shall be used. The equipment shall be calibrated

pneumatif test shall be performed in accordance with
the requifements of paras. 137.5.2 and 137.5.3.

137.5.5| Required Pneumatic Test Pressure. The pneu-
matic testjpressure shall be notless than 1.2 nor more than
1.5 times the design pressure of the piping system. The test
pressure phall not exceed the maximum allowable test
pressure of any nonisolated component, such as
vessels, pumps, or valves, in the system. The pressure
in the system shall gradually be increased to not more
than one-half of the test pressure, after which the pressure
shall be irlcreased in steps of approximately one-tenth of
the test prfessure until the required test pressure has been
reached. The pressure shall be continuously maintained
for a minimum time of 10 min. It shall then be reduced to
the lesserof design pressure or 100 psig [700 kPa (gage)]
and held fpr such time as may be necessary to conduct the
examination for leakage. Examination for leakage
detected by soap bubble or equivalent method shall be
made of 3ll joints and connections. The piping system,
exclusive| of possible localized instances at pump or
valve packing, shall show no evidence of leaking.

137.5.6
(a) Pip

Special Provisions for Testing
ing components and subassemblies-may be
tested either separately or as assembled piping.

(b) Flapged joints used to connect piping components
and subagsemblies that have previously,been tested, and
flanged jojints at which a blank or blind is used to isolate
equipmentt or other piping during a test, need not be leak
tested in ficcordance with para,)137.3.2.

(c) The final welds (closure welds) connecting piping
systems of componentsthat have been successfully tested
in accordance with para’137 need not be pneumatically
tested provided the owner and designer agree that the
weld not[be paetmatically tested. However, the weld
shall be yisually examined in accordance with para.
136.4.7 and examined vn]nmpfrirq”y using 1009% radio-

against the reference leak in such a way that the sj:stem
leakage measured by the equipment can be detérmined to
be not greater than the leak rate of the reference [leak.

137.7 Initial Service Testing

137.7.1 When specified by the eWxer, an initial s¢rvice
test and examination is acceptable when other types of
tests are not practical or when“leak tightness is d¢mon-
strable due to the nature_of’the service. One example is
piping where shutoff valves are not available for isolgting a
line and where tempofary closures are impractical. Qthers
may be systems whére during the course of checkingjout of
pumps, compressers, or other equipment, ample oppor-
tunity is afferded for examination for leakage prior to full-
scale operation. An initial service test is not applicable to
boiler external piping.

t, the
brmal
for a
kage
iping
es at
ence

137.7.2 When performing an initial service teq
piping system shall be gradually brought up to n
operating pressure and continuously held
minimum time of 10 min. Examination for leg
shall be made of all joints and connections. The
system exclusive of possible localized instand
pump or valve packing shall show no visual evi
of weeping or leaking.

137.8 Alternative to Hydrostatic and Pneumitic
Testing

br the
.2(b).
n the

The following procedures may be used only und
conditions stated in para. 137.3.2(a) or para. 137.3
Welds requiring examination include those used
manufacture of welded pipe fittings that have notl been
subjected to hydrostatic or pneumatic leak tests in gccor-
dance with paras. 137.4 and 137.5, respectively. They shall
be examined as follows:

(a) All welds shall be visually examined in accorflance

graphic examination in accordance with para. 136.4.5 or
100% ultrasonic examination in accordance with para.
136.4.6.

137.6 Mass-Spectrometer and Halide Testing

137.6.1 When specified by the owner, systems with
conditions of operation and design that require testing
methods having a greater degree of sensitivity than
can be obtained by a hydrostatic or pneumatic test

122

witht para. 136.4.7-

(b) Circumferential, longitudinal, and spiral (helical
seam) groove welds, in addition to welded branch connec-
tions over NPS 4, shall be 100% radiographed in accor-
dance with para. 136.4.5 or 100% ultrasonically examined
in accordance with para. 136.4.6.

(c) All welds, including structural attachment welds,
notcoveredin (b), shall be examined using the liquid pene-
trant method (para. 136.4.4) or, for magnetic materials,
the magnetic particle method (para. 136.4.3).

(24)
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137.9 Retesting After Repair or Additions

137.9.1 Repairs may be made to the pressure parts of
boiler external piping after the hydrostatic test required
by para. 137.3.1, provided the requirements of ASME
BPVC, Section I, PW-54.2 are met.

137.9.2 Nonpressure parts may be welded to the pres-
sure parts of boiler external piping after the hydrostatic
testrequired by para. 137.3.1, provided the requirements

AL RPDYUIC

insulation supports, nameplates, or other non-pressure-
retaining attachments provided

(a) the attachment fillet weld does not exceed % in. (10
mm) thickness or, if a full penetration weld is used, the
material attached does not exceed the nominal thickness
of the pressure-retaining member or % in. (13 mm),
whichever is less

(b) welds shall be preheated as required by para. 131

(c) welds shall be examined as required by
Fable 136411

fAS Qaads I _DIAI D4 D 4
(0] Vi DIVG, OCLUUIT L, T VV=IT.0 dI'T IIITL

137.9.3 If repairs or additions to nonboiler external
piping are made following a test, the affected piping
shall |be retested in accordance with the provisions of
para.|137.3.2. However, a system need not be retested
after geal welding or after attachments of lugs, brackets,

(d) seal welds shall be examined for lealage after
system startup

137.9.4 All weld defect repairs shall be madg in accor-
dance with para. 127.4.11.

123
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Chapter VII
Operation and Maintenance

(24) 138 GENERAL

Safety is the overriding concern in design, operation,
and maintenance of power piping. Managing safe
piping sefvice begins with the initial project concept
and contipues throughout the service life of the piping
system. The Operating Company is responsible for the
safe operjation and maintenance of its power piping.
Power piping designated as metallic NBEP-CPS requires
a Piping Pystem Final Report (PSFR) as described in
Mandatofy Appendix Q [see para. 100.1.2(c)] and
Mandatory Appendix R [see para. 136.1.2 (c)]. The
PSFR ensyres that records are available to perform condi-
tion assespment activities as described in para. 140, and to
assist in pprforming investigative analysis as described in
para. 141}4.

The Code does not prescribe a detailed set of operating
and maintenance procedures that will encompass all
cases. Eadh Operating Company shall develop operation
and maintenance procedures for piping systems deemed
necessary|to ensure safe facility operations based on the
provisions of this Code, relevant industry experiencé;'the
Operating Company’s experience and knowledge of its
facility, and conditions under which the piping-systems
are operated. The additional requirementstdescribed in
subsequent paragraphs apply to ¢covered piping
systems ([CPS). At the owner’s discrétion, other piping
systems may be included.

139 OPERATION AND MAINTENANCE
PRQCEDURES

For CP{, this shall be.accomplished by the issuance of
written operation,and maintenance procedures. The
operation and imailitenance procedures established by
the Operdting“-Gompany for ensuring safe operation of
its CPS may(vary, but the following aspects shall be

(e) documentation of modifications, repairs,and re-
placements, including welding procedures.used and
NDE results

(f) documentation of maintenance of pipe suppofts for
piping operating within the creep regime

(g) documentation of maintenance of piping system
elements such as vents, drains,qelief valves, desupgrhea-
ters, and instrumentation negessary for safe operdtion

(h) assessment of degradation mechanisms, incliding,
butnotlimited to, creep, fatigue, graphitization, corrpsion,
erosion, and flow-accelerated corrosion (FAC)

(i) quality of flew medium (e.g., dissolved oxygen, pH)

(j) documentation of the condition assessment (see
para. 140)

(k) othérrequired maintenance

140“CONDITION ASSESSMENT OF CPS

A program shall be established to provide for the asess-
ment and documentation of the condition of all CP$. The
documentation shall include a statement as to any agtions
necessary for continued safe operation. A condition
assessment shall be performed at periodic intervhls as
determined by an engineering evaluation.

Condition assessments shall be made of CPS basged on
established industry practices. The condition asses§ment
may range from a review of previous inspection findings
and operating history since the previous inspection, to a
thorough nondestructive examination (NDE) and|engi-
neering evaluation. The extent of the assessment
performed shall be established by the Operpting
Company or its designee with consideration of the age
of the CPS, the previous documented assessmentf, and
anticipated operating conditions.

The CPS condition assessment program shall irjclude
implementation of weld examination and hanger irspec-

tion methods necessary for nva]nnfing the impact f the

covered:

(a) operation of piping system within design limits

(b) documentation of system operating hours and
modes of operation

(c) documentation of actual operating temperatures
and pressures

(d) documentation of significant system transients or
excursions including thermal hydraulic events (e.g., steam
hammers, liquid slugging)

applicable material degradation mechanism for the iden-
tified piping system.

The condition assessment documentation, in a form
established by the Operating Company, should contain
(but not be limited to) as many of the following elements
as available:

(a) system name.

(b) listing of original material specifications and their
editions.

(c) design diameters and wall thicknesses.
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(d) design temperature and pressure.

(e) normal operating temperature and pressure.

(f) operating hours, both cumulative (from initial
operation) and since last condition assessment.

(g) actual modes of operation since last condition
assessment (such as the number of hot, warm, and
cold starts).

(h) pipe support hot and cold walkdown readings and
observations of adverse conditions for piping systems that

the manufacture, fabrication, and welding; and details
of the component examinations

141.2 Materials

The owner shall establish a material history for each
CPS to the extent necessary to permit evaluation and
analysis of an existing condition. The records listed
below are to be included in the material history and
be traceable to specific components in a piping system.

are operas DN , 7 - Additional records may be included as deemed hecessary.
(1) |modifications and repairs since last condition (a) procurement documents, includingcspedifications
asses ;ment: ) , ) , . (b) original service date and original-gperating param-
(j) |description and list of any dynamic events, including oters
thermal hydraulic events, since the last condition assess- (c) list of materials, both original and repllacement,
ment| (see Nonmandatory .Append}x V, para. _V'n for with system location and material specification
examﬁies) that pro.duced ‘”S?lal ev1dencg of dlSt(')I'tlorl (d) physical and mechanicalproperties from material
or danage. Repetitive dynamic events (with or without .\ reports, including thefotlowing as applicjble:
visua| evidence) should be included when identified by (1) Manufacturer’s Material Test Reports for Certifi-
operdtors or plant personnel (see para. 146). cate of Conformancé
(k)| actual pipe wall thickness and outside diameter (2) chemical-¢omposition data
measfirements taken since the last condition assessment (3) impact test data
as appropriate based .on Service. . . L (4) information regarding special procegsing, i.e.,
. (D summary of pipe system inspection findings, welding, postweld heat treatment, mechanical working,
including list of areas of concern. o bendingincluding postbending heat treatment, etc.
(m} recommendations for reinspection interval and (e) “wall thicknesses from construction or mgintenance
Scopg: " ) reeords, including design minimum wall requirements
Guldance on condition assessment may be found in (f) records of alterations or repairs
Nonnandatory Appendix V of this Code. (g) summary of design requirements
(h) actual operating conditions recorded 3nd main-
141 £PS RECORDS tained to facilitate creep and fatigue evaluationsfof compo-
Th¢ records identified below, when availablg, shall be ~ nents
mainfained and accessible for the life of'the piping (i) special coatings, linings, or other designs|for corro-
systems. sion or erosion resistance
141.1 General 141.3 Installation, Modification, and Repair
Records
Coyered piping system records'shall consist of, but not
be limited to, Records for pressure-retaining welds in covefed piping
(a)| any procedures reguired by para. 139 systems shall include, but not be limited to, the [following:
(b)| any condition asséssment documentation required (a) original installation records
by para. 140 (b) repair and modification records
(c)| original, as-built, as-modified, and updated piping (c) welding procedures and qualification tefts
draw]ngs (d) nondestructive examination reports (jincluding
(d)| original{vds-built, as-modified, and updated pipe radiographs and digital or electronically stpred NDE
support drawings reports)
(e)| results from piping stress or flexibility analysis (e) heat treatment performed, includipg time/
(f) piping system diagrams [flow, piping and instru- TEMMPETAture Ciarts

mentation (P&IDs), and/or process diagrams]

(g) valve and other inline equipment data used in
original piping design stress analysis

(h) additional documentation requirements as identi-
fied in paras. 141.2 through 141.5

(i) details of specially designed components (refer
to para. 104.7.2), including details of the design, design
method, dimensions, weight, and materials; details of

125

141.4 Failure Analysis

The owner is responsible for investigating all failures in
covered piping systems. A report of the results of this
investigation is to be included in the material history
file and, as a minimum, contain the following information:

(a) record of any operating or test experience of the
failed components or supports

(b) any previous failure history of the component
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(c) any special conditions (corrosion, extraordinary
loads, thermal excursions, etc.) that may have contributed
to failure

(d) conclusions of damage mechanism and cause of
failure

141.5 Restoration After Failure

The owner isresponsible for documenting actions taken
to restore failed components, including

143 REPAIR OF CPS

Repairs to CPS shall be performed in accordance with
the ASME B31.1 Code of record used for the original
construction or to a later edition of the ASME B31.1
Code as agreed on by the owner and the jurisdictional
authority if applicable.

144 CPS WALKDOWNS

(a) recbmmendations for actions that are intended to
minimize [recurrence and documentation of satisfactory
implementation

(b) recpommendations, if any, for similar action that
should be taken in other piping systems containing
similar conditions or components

142 PIPI
PR

NG AND PIPE-SUPPORT MAINTENANCE
GRAM AND PERSONNEL REQUIREMENTS

142.1 Maintenance Program

The ma
ments of
guideline
to Nonma

ntenance program shall adhere to the require-
paras. 138 through 141 and 144. For further
5 regarding the maintenance program, refer
ndatory Appendix V, para. V-5.1.

142.2 Pg

142.2.1 Only qualified personnel shall be responsible
for execufing the maintenance program of the Operating
Company| For further guidelines regarding typical main&
tenance grogram responsibilities, see Nonmandatory
Appendix|V, para. V-5.2.

142.2.2
decisiond
shall be cd
personnel.

rsonnel

Review of records and failure reports, and
concerning corrective actions\'or repairs,
rried out by or under the direction of qualified

142.2.3

(a) We
procedur
qualificati
dance wit

(b) Qu
postheat
quiremen

Welding and Heat Treatment Personnel

Iders shall be qualiffed to approved welding
bs. Qualificationef weld procedures and the
on performance of the welder shall be in accor-
h the requirements of para. 127.5.

hlified personnel shall perform preheat and
fredtment operations as described in the re-
s ‘of paras. 131 and 132.

enta
read-
uide-
atory
oS or
ports,
ed as
5sess-
shall

The Operating Company shatldevetop and impie
program requiring documentation of piping suppor
ings and recorded piping system displacements.
lines for this program are provided in,Nonmand
Appendix V, para. V-7. Piping system drawin
sketches, including the identification of all sup
and piping support walkdown forms should be us
part of the hot and cold walkdewns. The condition a
ment documentation (on paperor electronic media
comply with para. 140(h);

The Operating Company shall evaluate the effe]
unexpected piping position changes, significant Y
tions, and malfunctioning supports on the p
system’s integrity and safety. Significant displacsg
variations.from the expected design displacen
shall be considered to assess the piping system’s inte
An as-found piping system stress analysis can be u
determine the influence of significant piping displace
anomalies on the piping system'’s integrity. Subsefjuent
evaluations and corrective actions may necessitate factiv-
ities such as detailed examinations of critical weldiments
and support adjustments, repairs, and replacementfof in-
dividual supports and restraints.

cts of
ribra-
iping
ment
hents
grity.
ed to
ment

145 MATERIAL DEGRADATION MECHANISM:!

Creep is stress-, time-, temperature-, and ma]
dependent plastic deformation. Stress allowablg
materials having time-dependent properties are
with italics in Mandatory Appendix A. Material
rupture or creep properties govern the stress allow
within this temperature regime and may be import
the piping system evaluation.

The Operating Company shall develop and implen
program requiring data collection and evaluation of
priority areas for CPS materials operating in the kreep
range. Guidelines provided in Nonmandatory Appendix

3
erial-
bs for
hoted
tress
ables
hnt in

enta
high-

142.2.4 Examination, Inspection, and Testing Per-
sonnel. Qualified personnel shall perform nondestructive
examinations (NDE), including visual inspections and leak
tests (LT), in accordance with the requirements of
para. 136.
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V, para. V-I3 may be used for this program, which
may also include non-CPS piping operating in the
creep regime.

Although creep is a common mechanism of material
degradation for many CPS, other damage mechanisms
may also require consideration by the Operating
Company. Additional guidance on potential damage
mechanisms is provided in Nonmandatory Appendix V,
paras. V-12 and V-13, as well as in ASME BPVC,
Section II, Part D, Nonmandatory Appendix A; ASME
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BPVC, Section III, Nonmandatory Appendix W; API 570;
and API RP 571.

146 DYNAMIC LOADING

For those dynamic events identified in para. 140(j),
document the following, as appropriate:

(a) date, time, and preceding operating conditions (as
available)

(b) the nature and location of any damage

149.1 Uprating Piping Systems

A piping system is uprated by increasing the design
pressure, the design temperature, or both. Potential
changes in service conditions, including unintended
changes caused by the uprating, shall be considered.

149.2 Derating Piping Systems

A piping system is derated by decreasing the design

(c)|the results of any investigation

(d)| the results of any analysis or NDE performed

(e)| the acceptability of any effects or any corrective
actiop taken, e.g., changes in operating procedure,
chanpes in system design or piping supports and
restrgints, and any repairs or replacements

149 RERATING PIPING SYSTEMS
A piping system may be rerated (uprated or derated)
based on the original Code of construction, or a later

editign of that Code, aslong as areconciliation of the differ-
enceg in the Codes is completed (e.g., in accordance with
para.[123.1.7). Once the specific Code is chosen for the
rerating, it shall be followed in its entirety, taking into
conslderation the current condition of the piping
system and the condition it is expected to be in at the
end ¢f its life. Documents and forms produced in
suppo¢rt of rerating shall be preserved for the service
life offthe piping system. The owner is responsible for veri*
fying that the rerated piping system meets all the require-
ments of the chosen Code and the jurisdictions. Guidance
on spme aspects of rerating may be found in
Nonmjandatory Appendix V, para. V-14.

pressure-or-the-design-temperature—~or-bothwhile not
increasing either design value. Although derating is gener-
ally expected to result in decreases in stress associated
with lower design pressure or temperature, the potential
changes in service conditions caused by derating shall be
considered. In some instances, such changes infoperating
conditions can result in unintended service cpnditions,
such as condensation or flashing of steam, flow ¢onditions
leading to flow-accelerated corrosion (FAC), high loca-
lized stresses associated with thermal gradients, cyclic
conditions leadingito‘thermal fatigue damage, pr inoper-
ability of pressure'relief devices.

149.3 Assessment of Safety Valves, Relief Valves,
and Other Pressure-Relieving Devices

For‘rerating involving increases in design|pressure,
design temperature, or both, the safety valyes, relief
valves, and other pressure-relieving device$ must be
examined and recertified for the new pressurettempera-
ture design conditions. If the design pressure is dlecreased,
safety valves shall be reset to the lower rating. For any
rerating, capacity of relieving equipment shalll be inves-
tigated, and as necessary, rupture discs shall bg replaced.
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MANDATORY APPENDICES

MANDATORY APPENDIX A
ALLOWABLE STRESS TABLES

See Taljles A-1 through A-10.
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Table A-1
Carbon Steel
Specified Specified
Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
No. Grade Type or Class Composition No. Notes ksi ksi F
Seamless Pipe and Tube
AS53 A S C 1 2) 48 30 1.00
B S C-Mn 1 (2) 60 35 1.00
A106 A C-Si 1 (2) 48 30 1.00
C-Si 1 (2) 60 35 1:00
C C-Si 1 (2) 70 40 1100
A179 C 1 1) (2) (5) (47) 26 1.00
A192 C-Si 1 2) (5) 47) 26 1.00
A210 A-1 C-Si 1 (2) 60 37 1.00
C C-Mn-Si 1 2) 70 40 1.00
A333 1 C-Mn 1 1) 55 30 1.00
6 C-Mn-Si 1 60 35 1.00
A369 FPA C-Si 1 ) 48 30 1.00
FPB C-Mn 1 (2) 60 35 1.00
API 5L A C 1 (M'(2) (14) 48 30 1.00
B C-Mn 1 1) (2 (14) 60 35 1.00
Furnace Bytt Welded Pipe
A53 F C 1 (4) 48 30 0.60
API 5L A25 C 1 (1) (4) (14) 45 25 0.60
Electric Repistance Welded Pipe and Tube
A53 A E G 1 (2) 48 30 0.85
B E C-Mn 1 2) 60 35 0.85
A135 A C 1 1) @2 48 30 0.85
B C-Mn 1 1) (2 60 35 0.85
A178 A C 1 (2) (5) (47) 26 0.85
C C 1 ) 60 37 0.85
A214 C 1 1 (2) (5) 47 26 0.85
A333 1 C-Mn 1 (@8] 55 30 0.85
6 C-Mn-Si 1 60 35 0.85
API 5L A25 C 1 1) (14 45 25 0.85
A C 1 (1) (2) (14) 48 30 0.85
B C-Mn 1 (1) (2) (14) 60 35 0.85
A587 o 1 1) (2) 48 30 0.85
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Table A-1
Carbon Steel

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 Grade No.
Seamless Pipe and Tube
13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.0 A AS53
171 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 108 B
13.7] 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.3 A106
17.1 17.1 171 17.1 171 17.1 171 15.6 13.0 108 B
20.0 20.0 20.0 20.0 20.0 20.0 19.8 18.3 14.8 120 C
13.4 13.4 13.4 13.4 13.4 13.3 12.8 12.4 10.7 9.2 Al179
134 13.4 134 13.4 134 13.3 12.8 12.4 10.7 9.0 A192
17.1] 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 A-1 A210
20.0 20.0 20.0 20.0 20.0 20.0 19.8 18.3 14.8 12.0 (C
15.7 15.7 15.7 15.7 15.7 15.3 14.8 1 A333
17.1] 17.1 17.1 17.1 17.1 17.1 17.1 15.6 6
13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10:7 9.0 FPA A369
17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 FPB
13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.0 A API 5L
17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 108 B
Furnace Butt Welded Pipe
8.2 8.2 8.2 8.2 8.2 8.2 8.2 7.5 A53
7.7 7.7 7.7 7.7 A25 API 5L
Electric Resistance Welded Pipe and Tube
11.7 11.7 11.7 11.7 117 11.7 11.7 10.6 9.1 77 A A53
14.6) 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 92 B
11.7 11.7 11.7 11.7 11.7 11.7 11.7 10.6 9.1 79 A A135
14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 9.2 B
11.4 11.4 11.4 11.4 11.4 11.3 10.9 10.5 9.1 77 A A178
14.6) 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 9.2 C
11.4 11.4 11.4 11.4 11.4 11.3 10.9 10.5 9.1 7.8 A214
13.4 134 13.4 13.4 13.4 13.0 12.6 1 A333
14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 6
10.9 10.9 10.9 10.9 A25 API 5L
11.7 11.7 11.7 11.7 11.7 11.7 11.7 10.6 9.1 77 A
14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 92 B
11.7 11.7 11.7 11.7 11.7 11.7 11.7 10.6 9.1 7.8 A587
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Table A-1
Carbon Steel (Cont’d)
Specified Specified

Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
No. Grade Type or Class Composition No. Notes ksi ksi F

Electric Fusion Welded Pipe — Filler Metal Added
Al134 A283A C 1 1) (™ 45 24 0.80
A283B C 1 1) 50 27 0.80
A283C C 1 1)@ 55 30 0.80
A283D C 1 )@ 60 33 0.80
Al134 A285A C 1 (1) (2) (8) 45 24 0.80
A285B C 1 (1) (2) (8) 50 27 0.80
A285C C 1 (1) (2) (8) 55 30 0.80
A139 A C 1 (1) (2) (14) 48 30 0.80
B C-Mn 1 1) (2) (14) 60, 35 0.80
API 5L C 1 (1) (2) (14) 48 30 0.90
B C-Mn 1 1) (2 (14) 60 35 0.90
A671 CAS55 10, 13 C 1 (1) (2) (15) 55 30 0.90
CAS55 11, 12 C 1 (1) (22.(1%) 55 30 1.00
CAS55 20, 23, 30, 33 C 1 1) 2) 55 30 0.90
CA55 21, 22, 31, 32 C 1 . (2) 55 30 1.00
A671 CB60 10, 13 C-Si 1 (1) (2) (15) 60 32 0.90
CB60 11, 12 C-Si T (1) (2) (15) 60 32 1.00
CB60 20, 23, 30, 33 C-Si 1 1) (2) 60 32 0.90
CB60 21, 22, 31, 32 C-Si 1 Mm@ 60 32 1.00
A671 CB65 10, 13 C-Si 1 (1) (2) (15) 65 35 0.90
CB65 11, 12 C-Si 1 (1) (2) (15) 65 35 1.00
CB65 20, 23, 30, 33 C=Si 1 ™ (2 65 35 0.90
CB65 21,22,31,32 ( C=si 1 ) 65 35 1.00
A671 CB70 10, 13 C-Si 1 (1) (2) (15) 70 38 0.90
CB70 11, 12 C-Si 1 1) (2) 15 70 38 1.00
CB70 20523, 30, 33 C-Si 1 1) (2) 70 38 0.90
CB70 21, 22, 31, 32 C-Si 1 1) (2) 70 38 1.00
A671 CC60 10, 13 C-Mn-Si 1 1) (2) 15 60 32 0.90
CC60 11, 12 C-Mn-Si 1 (1) (2) (15) 60 32 1.00
CE6D 20, 23, 30, 33 C-Mn-Si 1 M) (2 60 32 0.90
€C60 21, 22, 31, 32 C-Mn-Si 1 [HANVA] 60 32 1.00
A671 CC65 10, 13 C-Mn-Si 1 (1) (2) (15) 65 35 0.90
CC65 11, 12 C-Mn-Si 1 (1) (2) (15) 65 35 1.00
CC65 20, 23, 30, 33 C-Mn-Si 1 1) (2 65 35 0.90
CC65 21, 22, 31, 32 C-Mn-Si 1 1) (2 65 35 1.00
A671 CC70 10, 13 C-Mn-Si 1 (1) (2) (15) 70 38 0.90
CC70 11, 12 C-Mn-Si 1 (1) (2) (15) 70 38 1.00
CC70 20, 23, 30, 33 C-Mn-Si 1 1) (2 70 38 0.90

132



https://asmenormdoc.com/api2/?name=ASME B31.1 2024.pdf

ASME B31.1-2024

Table A-1
Carbon Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

Spec.

100 200 300 400 500 600 650 700 750 800 Grade No.
Electric Fusion Welded Pipe — Filler Metal Added

10.3 10.3 10.3 10.3 10.3 9.8 9.5 A283A Al134
11.4 11.4 114 11.4 114 11.0 10.7 A283B
12.6| 12.6 12.6 12.6 12.6 12.3 119 A283C
13.7| 13.7 13.7 13.7 13.7 13.5 13.0 A283D
10.3 10.3 10.3 10.3 10.3 9.8 9.5 9.2 8.6 6.6 A285A Al13%
11.4 11.4 11.4 11.4 11.4 11.0 10.7 10.0 8.8 6.5 A285B
12.6| 12.6 12.6 12.6 12.6 12.3 11.9 11.5 10.4 86 A285C
11.0 11.0 11.0 11.0 11.0 11.0 11.0 10.0 8.6 74 A A139
13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 104 86 B
12.3 12.3 12.3 12.3 12.3 12.3 12.3 11.3 9.6 83 (A API 5L
15.4 15.4 15.4 15.4 15.4 15.4 15.4 14.0 11.7 %7 B
14.1 14.1 14.1 14.1 14.1 13.8 13.3 129 11.7 9.7 CA55 A671
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 10.8 CA55
14.1 14.1 14.1 14.1 14.1 13.8 13.3 129 11.7 9.7 CA55
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 10.8 CA55
15.44 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CB60 A671
17.1 17.1 17.1 171 17.1 16.4 15.8 15.3 13.0 108 CB60
15.4 15.4 15.4 15.4 15.4 14.7 142 13.7 11.7 9.7 CB60
17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 CB60
16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CB65 A671
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CB65
16.7| 16.7 16.7 16.7 167 16.1 15.6 15.0 12.5 10.3 CB65
18.6) 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 114 CB65
18.0 18.0 18.0 180 18.0 17.5 16.9 16.3 13.3 10.8 CB70 A671
20.0, 20.0 20.0 20,0 20.0 19.4 18.8 18.1 14.8 12.0 CB70
18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CB70
20.0 20.0 20:0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 CB70
15.44 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CC60 A671
17.1 1Z.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 CC60
15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CC60
17.1 171 171 171 171 164 158 153 13.0 108 CC60
16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CC65 A671
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CC65
16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CC65
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CC65
18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CC70 A671

20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 CC70
18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CC70
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Table A-1
Carbon Steel (Cont’d)
Specified Specified

Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
No. Grade Type or Class Composition No. Notes ksi ksi F

Electric Fusion Welded Pipe — Filler Metal Added
CC70 21, 22, 31, 32 C-Mn-Si 1 1)@ 70 38 1.00
A671 CK75 10, 13 C-Mn-Si 1 (1) (2) (15) 75 42 0.90
CK75 11, 12 C-Mn-Si 1 (1) (2) (15) 75 42 1.00
CK75 20, 23, 30, 33 C-Mn-Si 1 1)@ 75 40 0.90
CK75 21, 22, 31, 32 C-Mn-Si 1 1)@ 75 40 1,00
A671 CD70 10, 13 C-Mn-Si 1 (1) (2) (15) 70 50 0.90
CD70 11, 12 C-Mn-Si 1 (1) (2) (15) 70 50 1.00
CD70 20, 23, 30, 33 C-Mn-Si 1 1) 3 70 50 0.90
CD70 21, 22, 31, 32 C-Mn-Si 1 13 70 50 1.00
A671 CD80 10, 13 C-Mn-Si 1 (1) (15) 80 60 0.90
CD80 11, 12 C-Mn-Si 1 (1) (15) 80 60 1.00
CD80 20, 23 C-Mn-Si 1 13 80 60 0.90
CD80 21, 22 C-Mn-Si 1 13 80 60 1.00
A672 A45 10, 13 C 1 (1) (2) (15) 45 24 0.90
A45 11, 12 C 1 (1) (2)¢15) 45 24 1.00
A45 20, 23, 30, 33 C 1 (1) 45 24 0.90
A45 21,22,31,32 C 1 1y (2) 45 24 1.00
A672 A50 10, 13 o 1 (1) (2) (15) 50 27 0.90
A50 11, 12 C 1 (1) (2) (15) 50 27 1.00
A50 20, 23, 30, 33 C 1 1) (2) 50 27 0.90
A50 21, 22, 31, 32 C 1 1) (2) 50 27 1.00
A672 AS55 10, 13 C 1 1) (2) 15 55 30 0.90
A55 11, 12 C 1 (1) (2) (15) 55 30 1.00
AS55 20, 23, 30, 33 C 1 1) (2) 55 30 0.90
A55 21, 22, 31, 32 C 1 1) (2) 55 30 1.00
A672 B55 10, 13 C 1 1) (2) 15 55 30 0.90
B55 11,12 C 1 (1) (2) (15) 55 30 1.00
B55 20,23, 30, 33 C 1 1) (2) 55 30 0.90
B55 21, 22, 31, 32 C 1 1) (2) 55 30 1.00
A672 B60 10, 13 C 1 (1) (2) (15) 60 32 0.90
B60 11, 12 C 1 (1) (2) (15) 60 32 1.00
B60 20, 23, 30, 33 C 1 (1) (2) 60 32 0.90
B60 21, 22, 31, 32 C 1 1) (2 60 32 1.00
A672 B65 10, 13 C 1 (1) (2) (15) 65 35 0.90
B65 11, 12 C 1 (1) (2) (15) 65 35 1.00
B65 20, 23, 30, 33 C 1 M@ 65 35 0.90
B65 21, 22, 31, 32 C 1 1) (2 65 35 1.00
A672 B70 10, 13 C 1 (1) (2) (15) 70 38 0.90
B70 11, 12 C 1 (1) (2) (15) 70 38 1.00
B70 20, 23, 30, 33 C 1 1) (2 70 38 0.90
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Carbon Steel (Cont’d)

Table A-1

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,

°F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 Grade II\;o.
Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 CC70
19.3 19.3 19.3 19.3 19.3 19.3 18.7 17.6 14.1 11.3  CK75 A671
21.4 21.4 21.4 21.4 21.4 21.4 20.8 19.6 15.7 12.6  CK75
19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 CK75
21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6  CK75
18.0] 18.0 17.7 17.6 17.6 17.6 17.6 CD70 A671
20.0 20.0 19.7 19.5 19.5 19.5 19.5 CD70
18.0 18.0 17.7 17.6 17.6 17.6 17.6 CD70
20.0 20.0 19.7 19.5 19.5 19.5 19.5 CD70
20.6| 20.6 20.3 20.1 20.1 20.1 20.1 CDR80 A671
229 229 22.6 22.3 22.3 22.3 22.3 €D80
20.6 20.6 20.3 20.1 20.1 20.1 20.1 CD80
229 22.9 22.6 22.3 22.3 22.3 22.3 CD80
11.6 11.6 11.6 11.6 11.6 11.0 10.7 10.3 9.6 81 A45 A672
12.9 12.9 12.9 12.9 12.9 12.3 11.9 11.5 107 9.0 A45
11.6) 11.6 11.6 11.6 11.6 11.0 10.7 10.3 9.6 81 A45
12.9 129 129 129 129 12.3 119 115 10.7 9.0 A45
12.9 129 129 129 129 12.4 12.0 11.3 10.1 86 AS50 A672
14.3 14.3 14.3 14.3 14.3 13.8 133 12.5 11.2 9.6 A50
12.9 12.9 12.9 129 12.9 12.4 120 11.3 10.1 86 A50
14.3 14.3 14.3 14.3 14.3 13.8 13.3 12.5 11.2 9.6 A50
14.1 14.1 14.1 14.1 14.1 13.8 13.3 129 10.9 9.2 A55 A672
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 A55
14.1 14.1 14.1 14.1 14:1 13.8 13.3 12.9 10.9 9.2 A55
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2  A55
14.1] 14.1 14.1 14.% 14.1 13.8 13.3 129 10.9 9.2 B55 A672
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 B55
14.1 14.1 147, 14.1 14.1 13.8 13.3 12.9 10.9 9.2 B55
15.7 15.7 157 15.7 15.7 15.3 14.8 14.3 12.1 10.2 B55
15.44 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 B60 A672
17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 B60
15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 B60
17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 B60
16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 B65 A672
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 B65
16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 B65
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 B65
18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 B70 A672
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 B70
18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 B70
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Table A-1
Carbon Steel (Cont’d)
Specified Specified

Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
No. Grade Type or Class Composition No. Notes ksi ksi F

Electric Fusion Welded Pipe — Filler Metal Added
B70 21, 22, 31, 32 C 1 1)@ 70 38 1.00
A672 C55 10, 13 C 1 (1) (2) (15) 55 30 0.90
C55 11, 12 C 1 (1) (2) (15) 55 30 1.00
C55 20, 23, 30, 33 C 1 M@ 55 30 0:90
C55 21, 22, 31, 32 C 1 1) (2 55 30 1.00
A672 C60 10, 13 C 1 (1) (2) (15) 60 32 0.90
C60 11, 12 C 1 (1) (2) (15) 60 32 1.00
€60 20,23,30,33 C 1 1)@ 60 32 0.90
C60 21, 22, 31, 32 C 1 1) (2) 60, 32 1.00
A672 C65 10, 13 C 1 (1) (2) (15) 65 35 0.90
C65 11, 12 C 1 (1) (2) (15) 65 35 1.00
C65 20, 23, 30, 33 C 1 1) (2) 65 35 0.90
C65 21 22, 31, 32 C 1 1) (2) 65 35 1.00
A672 C70 10, 13 C 1 (1) 2) (15) 70 38 0.90
C70 11, 12 C 1 t.(2) (15) 70 38 1.00
C70 20, 23, 30, 33 C 1 1) (2 70 38 0.90
C70 21, 22, 31, 32 C 1 1) (2 70 38 1.00
A672 D70 10, 13 C-Mn-Si 1 (1) (15) 70 50 0.90
D70 11, 12 C-Mn-Si 1 (1) (15) 70 50 1.00
D70 20, 23,30,33  C-Mn-Si 1 1 (3) 70 50 0.90
D70 21,22,31,32  C-Mn-Si 1 1 (3) 70 50 1.00
A672 D80 10, 13 C=Mn-Si 1 (1) (15) 80 60 0.90
D80 11, 12 C-Mn-Si 1 (1) (15) 80 60 1.00
D80 20, 23 C-Mn-Si 1 M3 80 60 0.90
D80 21, 22 C-Mn-Si 1 M3 80 60 1.00
A672 N75 10533 C-Mn-Si 1 (1) (2) (15) 75 42 0.90
N75 11, 12 C-Mn-Si 1 (1) (2) (15) 75 42 1.00
N75 20, 23, 30, 33 C-Mn-Si 1 1) (2) 75 40 0.90
N75 21,22,31,32  C-Mn-Si 1 1) (2) 75 40 1.00
A691 CMSH-70 10, 13 C-Mn-Si 1 (1) (15) 70 50 0.90
CMSH-70 11, 12 C-Mn-Si 1 1) (as) 70 50 1.00
CMSH-70 20, 23, 30, 33 C-Mn-Si 1 13 70 50 0.90
CMSH-70 21, 22, 31, 32 C-Mn-Si 1 (1 3) 70 50 1.00
A691 CMSH-80 10, 13 C-Mn-Si 1 (1) (15) 80 60 0.90
CMSH-80 11, 12 C-Mn-Si 1 (1) (15) 80 60 1.00
CMSH-80 20, 23 C-Mn-Si 1 1 (3) 80 60 0.90
CMSH-80 21, 22 C-Mn-Si 1 M3 80 60 1.00
A691 CMS-75 10, 13 C-Mn-Si 1 (D) (2) (15) 75 42 0.90
CMS-75 11, 12 C-Mn-Si 1 (1) (2) (15) 75 42 1.00
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Carbon Steel (Cont’d)

Table A-1

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,

°F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 Grade No.
Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 B70
14.1] 14.1 14.1 14.1 14.1 13.8 13.3 129 10.9 9.2 C55 A672
15.7, 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 102  C55
14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 (55
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 C55
15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 C60 K672
17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 C60
15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 C60
17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 C60
16.7| 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10,3 (_C65 A672
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 1X4 C65
16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 70.3 C65
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 139 11.4 C65
18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 108 C70 A672
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.% 14.8 120 C70
18.0, 18.0 18.0 18.0 18.0 17.5 16.9 16:3 13.3 10.8 C70
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 120 C70
18.0 18.0 17.7 17.6 17.6 17.6 7.6 D70 A672
20.0 20.0 19.7 19.5 19.5 19.5 19.5 D70
18.0] 18.0 17.7 17.6 17.6 1776 17.6 D70
20.0 20.0 19.7 19.5 19.5 19.5 19.5 D70
20.6 20.6 20.3 20.1 2071 20.1 20.1 D80 A672
22.9 22.9 22.6 22.3 22.3 22.3 22.3 D80
20.6 20.6 20.3 20.1 20.1 20.1 20.1 D80
229 229 22.6 22.3 22.3 22.3 22.3 D80
19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 N75 A672
21.4 21.4 214 21.4 21.4 20.4 19.8 19.1 157 12.6  N75
19.3 19.3 193 19.3 19.3 18.4 17.8 17.2 14.1 11.3 N75
21.4 214 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 N75
18.0 18.0 17.7 17.6 17.6 17.6 17.6 CMSH-70 A691
20.0| 20.0 19.7 19.5 19.5 19.5 19.5 CMSH-70
18.0 18.0 17.7 17.6 17.6 17.6 17.6 CMSH-70
20.0 20.0 19.7 19.5 19.5 19.5 19.5 CMSH-70
20.6 20.6 20.3 20.1 20.1 20.1 20.1 CMSH-80 A691
22.9 229 22.6 22.3 22.3 22.3 22.3 CMSH-80
20.6 20.6 20.3 20.1 20.1 20.1 20.1 CMSH-80
229 229 22.6 22.3 22.3 22.3 22.3 CMSH-80
19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 CMS-75 A691
21.4 214 21.4 214 21.4 20.4 19.8 19.1 157 12.6  CMS-75
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Table A-1
Carbon Steel (Cont’d)
Specified Specified
Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
No. Grade Type or Class Composition No. Notes ksi ksi F
Electric Fusion Welded Pipe — Filler Metal Added
CMS-75 20, 23, 30, 33 C-Mn-Si 1 1)@ 75 40 0.90
CMS-75 21, 22, 31, 32 C-Mn-Si 1 1)@ 75 40 1.00
Copper Brazed Tubing
A254 C (1) (9) (10) 42 25 1100
Plate
A36 C-Mn-Si 1 1) (7 (1) 58 36 0.92
A283 A C 1 ) 45 24 0.92
B C 1 1)@ 50 27 0.92
C C 1 1)@ 55 30 0.92
D C 1 1)@ 60 33 0.92
A285 A C 1 (2) 45 24 1.00
B C 1 (2) 50 27 1.00
C C 1 (2) 55 30 1.00
A299 C-Mn-Si 1 (29.¢13) 75 40 1.00
C-Mn-Si 1 (2) (12) 75 42 1.00
A515 60 C-Si 1 (2) 60 32 1.00
65 C-Si 1 (2) 65 35 1.00
70 C-Si 1 2) 70 38 1.00
A516 55 C-Si 1 2) 55 30 1.00
60 G=Mn-Si 1 (2) 60 32 1.00
65 C=Mn-Si 1 (2) 65 35 1.00
70 C-Mn-Si 1 (2) 70 38 1.00
Forgings
A105 C-Si 1 (2) 70 36 1.00
A181 60 C-Si 1 2 60 30 1.00
70 C-Si 1 2 70 36 1.00
A350 LF2 C-Mn-Si 1 ) 70 36 1.00
LE2 C=Mn-=Si 1 (')) 70 36 1.00
Wrought Fittings (Seamless and Welded)
A234 WPB C-Si 1 2 60 35 1.00
WPC C-Si 1 ) 70 40 1.00
A420 WPL6 C 1 (2) 60 35 1.00
Castings
A216 WCA C-Si 1 (2) (6) 60 30 0.80
WCB C-Si 1 (2) (6) 70 36 0.80
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Carbon Steel (Cont’d)

Table A-1

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,

°F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 Grade No.
Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)
19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 CMS-75
214 21.4 214 21.4 21.4 20.4 19.8 19.1 15.7 12.6  CMS-75
Copper Brazed Tubing
6.0 5.5 4.8 3.0 A254
Plate
15.2 15.2 15.2 15.2 15.2 15.2 15.2 A36
11.8 11.8 11.8 11.8 11.8 11.3 10.9 A A283
13.1 13.1 13.1 13.1 13.1 12.7 12.3 B
14.5 14.5 14.5 14.5 14.5 14.1 13.6 C
15.8 15.8 15.8 15.8 15.8 15.5 15.0 D
12.9 129 12.9 12.9 12.9 12.3 11.9 11.5 10.7 83 A285
14.3 14.3 14.3 14.3 14.3 13.8 13.3 12.5 11.0 94 B
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13:Q 108 C
21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 157 12.6 A299
21.4 21.4 21.4 21.4 21.4 21.4 20.8 196 15.7 12.6
17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 108 60 A515
18.6 18.6 18.6 18.6 18.6 17.9 173 16.7 13.9 114 65
20.0] 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 126 70
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 108 55 A516
17.1 17.1 17.1 17.1 17 16.4 15.8 15.3 13.0 108 60
18.6 18.6 18.6 18.6 186 17.9 17.3 16.7 13.9 114 65
20.0] 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 70
Forgings
20.0] 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0 A105
17.1 17.1 174 17.1 16.3 15.3 14.8 14.3 13.0 10.8 A181
20.0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0
20.0] 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0 LF2 A350
20.0 200 200 20.0 196 18.4 178 172 14.8 120 LE2
Wrought Fittings (Seamless and Welded)
17.1 171 17.1 17.1 17.1 17.1 17.1 15.6 13.0 108 WPB A234
20.0 20.0 20.0 20.0 20.0 20.0 19.8 18.3 14.8 12.0 WPC
17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 WPL6 A420
Castings
13.7 13.7 13.7 13.7 13.0 12.2 11.8 11.4 104 86 WCA A216
16.0 16.0 16.0 16.0 15.7 14.7 14.2 13.8 11.8 9.6 WCB
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Table A-1
Carbon Steel (Cont’d)
Specified Specified
Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
No. Grade Type or Class Composition No. Notes ksi ksi F
Castings
wcc C-Mn-Si 1 (2) (6) 70 40 0.80
Bars and Shapes
A36 C-Mn-Si 1 1) (2 58 36 1.00
A992 C-Mn-Si 1 1) (2 65 50 1100
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Table A-1
Carbon Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

100 200 300 400 500 600 650 700 750 800 Grade Sll\)lz.C.
Castings (Cont’d)
16.0 16.0 16.0 16.0 16.0 16.0 15.8 14.6 11.8 9.6 WCC
Bars and Shapes
16.6) 16.6 16.6 16.6 16.6 16.6 16.6 156 13.0 108 .. A36
18.6) 18.6 18.6 18.6 18.6 18.6 18.6 16.9 13.9 114 .. A992
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Table A-1
Carbon Steel (Cont’d)

GENERAL NOTES:
The tabulated specifications are ASTM, except for API 5L. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.
The stress values in this table may be interpolated to determine values for intermediate temperatures.
The P-Numbers indicated in this table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, and
welding operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.

e strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given except as
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(©
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are sh
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fted by para. 122.6.2(g).
bulated stress values are S x E (weld joint efficiency factor) or S x F (material quality factor), as applicable. Weld joint efficieney
own in Table 102.4.3-1.

re-temperature ratings of piping components, as published in standards referenced in this Code, may be used' for comp
hg the requirements of those standards. The allowable stress values given in this table are for use in designing piping compone;
t manufactured in accordance with referenced standards.

materials listed are classified as ferritic (see Table 104.1.2-1).
bulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength gov
on of stresses.

ra. 124.1.2 for lower temperature limits.

MATERIAL IS NOT ACCEPTABLE FOR CONSTRUCTION OF PRESSURE-RETAINING PARTS\OF BOILER EXTERNAL PIPING
ES 100.1.2-1 THROUGH 100.1.2-10.

lowable stress values given are for pipe fabricated from plate not exceeding(2¥s*n. in thickness.

haterial shall not be used for flammable fluids. Refer to para. 105.2.1(a).

e value in parentheses is expected minimum.

80 material quality factor for casting may be increased in accordance,with para. 102.4.6.

ress values for structural quality plate include a material quality factorof 0.92. The allowable stresses for ASTM A283 Gradg
A36 plate have been limited to 12.7 ksi.

stress values are permitted only if killed or semikilled steels,are used.

A254 is copper brazed (not welded) steel pipe.

turated steam at 250 psi (406°F), the values given for;400°F may be used.

owable stress values listed in MSS SP-58 for this materialmay be used for pipe-supporting elements designed in accordance wi

values apply to material less than or equal to L \n. thick.

values apply to material greater than 1 in. thick.

aterial is not listed in ASME BPVC, Section IX*However, weld procedures shall be qualified in accordance with the P-Number
ra. 127.5.1.

haterial shall not be used in nominal.wall thicknesses exceeding ¥, in.

allowable stress values are for pipe made using a butt-welded joint process. Pipe made by other processes shall not be|

prolonged exposure to temperatures above 800°F (427°C), the carbide phase of tarbon steel may be converted to grapHi

factors

onents
ts that

brn the

— SEE

D and

ith MSS

hown.

used.
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Table A-2
Low and Intermediate Alloy Steel
Specified Specified

Minimum Minimum E

Spec. Nominal Tensile, Yield, or

No. Grade Type or Class Composition P-No. Notes ksi ksi F

Seamless Pipe and Tube

A213 T2 YCr-Y,Mo 3 60 30 1.00
T5 5Cr-"%4Mo 5B 60 30 1.00
T5b 5Cr-Y%,Mo-1%Si 5B 60 30 1{oo
A213  T5c 5Cr-%Mo-Ti 5B 60 30 1{o0
T9 9Cr-1Mo 5B 60 30 1{00
T11 1Y,Cr-"%Mo 4 60 30 1{00
A213  T12 1Cr-“%Mo 4 60 32 1{o0
T21 3Cr-1Mo 5A 60 30 1{o0
T22 2Y%,Cr-1Mo 5A (5) 60 30 1{00
T91 Type 1 9Cr-1Mo-V 15E 85 60 1{00
To1 Type 2 9Cr-1Mo-V 15E 85 60 1{00
A333 3%Ni 9B €)) 65 35 1{00
| %,Cr-%,Ni-Cu-Al 4 €)) 60 35 1{00
y 2%Ni 9A () 65 35 1{00
) 2Ni-1Cu 9A €8] 63 46 1{o0
A335 P1 c-%Mo 3 2) 55 30 1{00
2 Y Cr-%Mo 3 55 30 100
5 5Cr-"%Mo 5B 60 30 1|00
5b 5Cr-"%Mo-1%Si 5B 60 30 1{00
A335  P5c 5Cr-"%Mo-Ti 5B 60 30 1{00
9 9Cr-1Moé 5B 60 30 1{o0
11 1Y,Ge-%Mo-Si 4 60 30 1{oo
A335 P12 1Gr-"%,Mo 4 60 32 1{00
21 3Cr-1Mo 5A 60 30 1{00
22 2Y%,Cr-1Mo 5A (5) 60 30 1{oo
A335 P36 1 1.15Ni-0.65Cu-Mo-Cb (12) (13) 90 64 1{00
36 2 1.15Ni-0.65Cu-Mo-Cb . (12) (13) 95.5 66.5 1{00
91 Type 1 9Cr-1Mo-V 15E 85 60 1j00
91 Type 2 9Cr-1Mo-V 15E 85 60 1{o0
A369 FP1 c-%Mo 3 (2) 55 30 1{00
P2 YCr-Y,Mo 3 55 30 1|00
FP5 5Cr-"%Mo 5B 60 30 1.00
A369  FP9 9Cr-1Mo 5B 60 30 1.00
FP11 1Y,Cr-"%Mo-Si 4 60 30 1.00
A369  FP12 1Cr-%Mo 4 60 32 1.00
FP21 3Cr-1Mo 5A 60 30 1.00
FP22 2Y%,Cr-1Mo 5A (5) 60 30 1.00
FP91 Type 1 9Cr-1Mo-V 15E 85 60 1.00
FP91 Type 2 9Cr-1Mo-V 15E 85 60 1.00
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Table A-2
Low and Intermediate Alloy Steel

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Seamless Pipe and Tube

17.1 17.1 17.1 17.1 169 164 16.1 15.7 154 149 145 139 92 59 .. T2 A213
171 171 16.6 16,5 164 16.2 159 15.6 151 145 138 109 80 58 42 2.9 1.8 1.0 T5
17.1 171 16.6 16.5 164 16.2 159 15.6 151 145 138 109 80 58 42 2.9 1.8 1.0 T5b
17.1 17.1 16.6 165 164 16.2 159 15.6 151 145 138 109 80 58 42 29 18 10 T5c A213
17.1 17.1 16.6 16,5 164 16.2 159 156 151 14.5 138 13.0 106 74 50 33 22 15 T9
17.1 17.1 171 168 16.2 15.7 154 151 148 144 14.0 136 93 6.3 42 28 .. Tl
17.1 16.8 16.5 16.5 16.5 163 16.0 15.8 15.5 153 149 145 113 72 45 28 .. T12 A213
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 160 120 9.0 70 55 40 .. T21
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 166 136 108 80 57 38 = T22
243 24.3 243 242 24.1 23.7 234 229 222 213 203 19.1 178 161 122 87 57 35 T91
24.3 243 24.3 242 241 23.7 234 229 222 213 203 191 178 163 126 9~ 61 37 T91
18.6 18.6 18.6 18.6 18.6 17.5 16.7 3 A333
171 171 171 171 171 171 17.1 4
18.6 18.6 18.6 18.6 18.6 17.5 16.7 7
18.0 9
15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 154 149 145 .. P1 A335
15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 154 149 145 139" 92 59 .. P2
17.1 171 16.6 16,5 164 16.2 159 15.6 151 145 138<~109 80 58 42 29 18 10 P5
17.1 17.1 16.6 16.5 164 16.2 159 15.6 151 145 138 109 80 58 42 29 18 10 P5b
171 171 16.6 16,5 164 16.2 159 15.6 151 145/ 138 109 80 58 42 2.9 1.8 1.0 P5c IA335
17.1 17.1 16.6 165 164 16.2 159 156 151 145 138 13.0 106 74 50 33 22 15 P9
17.1 17.1 17.1 168 16.2 15.7 154 15.1 \14.8 144 140 136 93 63 42 28 .. P11
17.1 16.8 16,5 16.5 16.5 16.3 16.0~15.8 155 153 149 145 11.3 7.2 45 28 . P12 A335
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 160 120 90 70 55 40 .. P21
17.1 17.1 16.6 16.6 16.6 16.6 166 16.6 16.6 16.6 166 13.6 108 8.0 57 38 .. P22
25.7 5.7 25.1 25.1 25.1.251 251 25.1 .. P36 A335
273 27.3 26.6 26.6 266~26.6 26.6 26.6 .. P36
24.3 24.3 24.3 2427241 23.7 234 229 222 213 203 191 178 161 122 87 57 35 PI1
243 P43 243242 241 23.7 234 229 222 213 203 191 178 163 126 91 61 37 PI1
15.7 15.745y7 15.7 15.7 15.7 15.7 15.7 154 149 145 .. FP1 IA369
15.7 15.7°15.7 15.7 15.7 15.7 15.7 15.7 154 149 145 139 92 59 .. FP2
17.1 17.1 16.6 16.5 164 16.2 159 15.6 151 14.5 138 109 80 58 42 29 18 10 FP5
171 171 16.6 16,5 164 16.2 159 15.6 151 145 138 13.0 106 74 50 33 22 1.5 FP9 A369
17.1 17.1 171 168 16.2 15.7 154 15.1 148 144 14.0 136 93 6.3 42 28 .. FP11
17.1 16.8 16.5 16.5 16.5 163 16.0 15.8 15.5 153 149 145 113 72 45 28 .. FP12 A369
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 160 120 9.0 70 55 40 .. FP21
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 166 136 108 80 57 38 .. FP22

24.3 24.3 243 24.2 24.1 237 234 229 222 213 203 19.1 178 161 122 87 57 35 FPIl
24.3 24.3 243 24.2 24.1 237 234 229 222 213 203 19.1 178 163 126 9.1 61 37 FPIl
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Table A-2
Low and Intermediate Alloy Steel (Cont’d)

Specified Specified

Minimum Minimum E
Spec. Nominal Tensile, Yield, or
No. Grade Type or Class Composition P-No. Notes ksi ksi F
Centrifugally Cast Pipe
A426  CP1 Cc-%4Mo 3 (1) (2) 3) @) 65 35 0.85
(7
[PZ 7 CT= 7, M0 3 T GCT &7 50 30 U185
[P5 5Cr-“%Mo 5B M B @ (7 90 60 0/85
[P5h 5Cr-,Mo-Si 5B (1) (3) 4) (7) 60 30 0J85
A426 (P9 9Cr-1Mo 5B (1) (3) @) (7) 90 60 0J85
(P11 1%,Cr-%Mo 4 MmEM@® D 70 40 0l85
A426 (P12 1Cr-*4Mo 4 (1) 3) 4@ (7) 60 30 0/85
[P21 3Cr-1Mo 5A (1) (3) 4) (7) 60 30 0J85
[P22 2Y,Cr-1Mo 5A (1) (3) @) (3) 70 40 0J85
(7
Electric Refistance Welded Pipe
A333 3%Ni 9B () 65 35 0/85
y 2% Ni 9A o) 65 35 0J85
) 2Ni-1Cu 9A (1) 63 46 0J85
Electric Fusion Welded Pipe — Filler Metal Added
A672 165 20, 23, 30,33 C-%Mo 3 1) (2) 65 37 0190
65 21, 22,31,32 C-%Mo 3 1) 2 65 37 1]00
A672 170 20, 23, 30,33  C-%4Mo 3 (1) (2) 70 40 090
70 21, 22,31,32 C-%Mo 3 (1) (2) 70 40 1{00
A672 175 20, 23, 30,33 C<¥%Mo 3 1) (2) 75 43 090
75 21, 22, 31, 32~ 'C=%,Mo 3 (1) (2) 75 43 1{00
A691  (M-65 20, 23,3033 C-%4Mo 3 (1) (2) 65 37 090
[M-65 21,22)31,32 C-"%Mo 3 (1) (2) 65 37 1{00
A691  (M-70 20, 23, 30,33 C-"%4Mo 3 1) (2) 70 40 090
[M-70 21, 22,31,32 C-%4Mo 3 (1) (2) 70 40 1{00
A691  (M-75 20, 23, 30,33 C-%4Mo 3 (1) (2) 75 43 090
[M=75 21, 22,31,32 C-%Mo 3 (1) (2) 75 43 1{00
A691  Y%CR 20, 23 YCr-"4Mo 3 (1) (8) 55 33 0.90
Y%CR 21, 22 Y Cr-Y%Mo 3 (1) (8) 55 33 1.00
Y%CR 20, 23, 30, 33, %Cr-%4Mo 3 (1) 9) 70 45 0.90
40, 43
YCR 21, 22,31, 32, “%Cr-%Mo 3 (1) 9) 70 45 1.00
41, 42
A691  1CR 20, 23 1Cr-%Mo 4 (1) (8) 55 33 0.90
1CR 21, 22 1Cr-%Mo 4 (1) (8) 55 33 1.00
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Table A-2
Low and Intermediate Alloy Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Centrifugally Cast Pipe
15.8 15.8 15.8 15.8 15.8 158 158 15.6 15.2 14.8 144 CP1 A426
14.5 35 145 145 144 139 13.7 133 13.T 1Z.7 123 1138 5 5.0 CPZ
219 ?1.8 21.2 21.0 209 20.6 203 199 193 185 122 93 68 49 36 25 1.5 085 CP5
14.6 14.5 141 140 14.0 13.8 13.5 133 129 124 118 93 68 49 36 25 1.5 085 CP5b
219 218 21.2 21.0 209 20.7 203 199 193 185 17.7 140 94 63 43 28 19 13 CP9 A426
17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 16.7 163 159 11.6 79 54 36 24 cpP11
14.5 14.3 14.0 13.8 133 129 128 12.6 124 122 119 116 96 6.1 38 24 CP12 ;A426
14.5 14.5 141 141 141 141 141 141 141 141 136 102 77 60 47 34 CP21
17.0 17.0 16.7 16.5 164 163 16.2 16.0 15.7 152 146 134 9.7 66 43 29 CP22
Electric Resistance Weld¢d Pipe
15.8 15.8 15.8 15.8 15.8 14.9 14.2 3 IA333
15.8 15.8 15.8 15.8 15.8 149 14.2 7
15.3 9
Electric Fusion Welded Pipe — Filler Metal|Added
16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.6 16.1 L65 IA672
18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 184 17.9 L65
18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 179V 17.4 L70 1A672
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.07199 19.3 L70
19.3 19.3 19.3 19.3 193 193 19.3 19.3.19.3 19.3 187 L75 IA672
214 214 214 214 214 214 214,214 214 214 20.7 L75
16.7 16.7 16.7 16.7 16.7 16.77~167 16.7 16.7 16.6 16.1 CM-65 1A691
18.6 18.6 18.6 18.6 18.6 18.6,18.6 18.6 18.6 184 179 CM-65
18.0 18.0 18.0 18.0 180 18.0 18.0 18.0 18.0 179 17.4 CM-70 A691
20.0 20.0 20.0 20.0,°20.0 20.0 20.0 20.0 20.0 199 193 CM-70
19.3 19.3 29:3+19.3 193 193 19.3 193 193 19.3 187 CM-75 A691
214 214,214 214 214 214 214 214 214 214 207 CM-75
14.1 14.1 141 141 141 141 141 141 141 141 138 129 83 53 1/ZCR A691
15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 157 153 143 9.2 59 Y%CR
18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.6 16.7 83 53 Y%CR
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.5 186 9.2 59 YCR
14.1 139 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.2 102 6.5 41 2.5 1CR A691
15.7 154 15.1 151 15.1 15.1 15.1 151 151 15.1 151 14.7 11.3 72 45 28 1CR
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Table A-2
Low and Intermediate Alloy Steel (Cont’d)
Specified Specified
Minimum Minimum E
Spec. Nominal Tensile, Yield, or
No. Grade Type or Class Composition P-No. Notes ksi ksi F
Electric Fusion Welded Pipe — Filler Metal Added
1CR 20, 23, 30, 33, 1Cr-%Mo 4 1) (9) 65 40 0.90
40, 43
CR 7T, Z2Z, 3T, 32, ICr—7%Mo z T 1Y) 65 20 T]00
41, 42
A691 1%CR 20, 23 1Y,Cr-Y%Mo-Si 4 (1) (8) 60 35 0]90
YCR 21, 22 1Y,Cr-Y%Mo-Si 1) (8) 60 35 1{oo
YCR 20, 23, 30, 33, 1Y%Cr-%Mo-Si 4 1 (9) 75 45 o0[oo
40, 43
Y4CR 21, 22, 31, 32, 1Y%Cr-%Mo-Si 4 (1) (9) 75 45 1{00
41, 42
A691  2Y%CR 20, 23 2Y,Cr-1Mo 5A (1) (5) (8) 60 30 0J90
Y4CR 21, 22 2Y,Cr-1Mo 5A (1) (5) (8) 60 30 1{o0
Y4CR 20, 23, 30, 33, 2Y%Cr-1Mo 5A (D (5) (9) 75 45 0J90
40, 43
Y,.CR 21, 22, 31, 32, 2Y%Cr-1Mo 5A (1)(5)9) 75 45 1{oo
41, 42
A691  BCR 20, 23 3Cr-1Mo 5A (1) (8) 60 30 o0[o0
CR 21, 22 3Cr-1Mo 5A (1) (8) 60 30 1{oo
CR 20, 23, 30, 33, 3Cr-1Mo 5A 1) (9) 75 45 o0[o0
40, 43
CR 21, 22, 31, 32, 3Cr-1Mo 5A (1) (9) 75 45 1{oo
41, 42
A691  $CR 20, 23 5Cr-%4M6 5B 1) (8) 60 30 0[o0
CR 21, 22 5Cr-%Mo 5B (1) (8) 60 30 1{oo
CR 20, 23, 30, 33, 5Gr-Y5Mo 5B 1) (9) 75 45 o0[o0
40, 43
CR 21, 22, 31, 32..5Cr-%Mo 5B (1) (9) 75 45 1{oo
41, 42
A691 91 Type; 40, 43, 9Cr-1Mo-V 15E (1) (9) (19) 85 60 0[o0
50, 53
b1 Type 1; 41, 42, 9Cr-1Mo-V 15E (1) (9) (19) 85 60 1joo
51, 52
b1 Type 2; 40, 43, 9Cr-1Mo-V 15E (1) (9) (19) 85 60 0loo
50, 53
b1 Type 2; 41, 42, 9Cr-1Mo-V 15E (1) (9) (19) 85 60 1{oo
51 52
Plate
A387 2 1 Y%Cr-%Mo 3 55 33 1.00
2 2 YCr-%Mo 3 (1) 70 45 1.00
5 1 5Cr-"%Mo 5B 60 30 1.00
5 2 5Cr-%Mo 5B 1 75 45 1.00
A387 11 1 1%,Cr-"4Mo-Si 4 60 35 1.00
11 2 1Y,Ccr-Y%Mo-Si 4 75 45 1.00
12 1Cr-%Mo 4 55 33 1.00
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Table A-2
Low and Intermediate Alloy Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)

16.7 16.4 16.1 16.1 16.1 16.1 16.1 16.1 16.1 16.1 16.1 156 102 65 41 2.5 1CR
18.6 182179 179 179 179 179 1/9 179 179 179 174 I1.3 Z 75 2.8 TCK
154 154 154 154 154 154 154 154 154 15.1 147 123 84 57 38 25 1Y,CR A691
171 171 171 171 171 171 171 171 17.1 168 164 137 93 6.3 42 2.8 1Y,GR
19.3 19.3 19.3 19.3 19.3 193 193 193 193 193 182 123 84 57 38 25 1%CR
214 214 214 214 214 214 214 214 214 214 202 137 93 63 42 2.8 1%CR
154 15.4 15.0 149 148 14.6 14.4 142 14.0 13.7 134 13.0 103 70 46 29 2Y%CR ;A691
171 171 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 108 80 57 38 2Y%CR
19.3 19.3 188 18.6 18.5 183 182 18.0 17.7 174 168 142 103 70 46, 29 2YCR
214 214 209 20.6 20.5 204 20.2 20.0 19.7 193 18.7 158 114 78 /7Hb¥V/ 32 2%CR
154 15.4 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 144 108 81(?,6.3 50 36 3CR ;A691
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 160 12.0 90 70 55 40 3CR
19.3 19.3 188 18.6 18.5 183 182 18.0 17.7 174 163 11.8:%86 6.1 44 29 3CR
214 214 209 20.6 20.5 204 20.2 20.0 19.7 193 184 131 95 68 49 32 3CR
154 15.4 149 148 148 14.6 143 14.0 13.¢°131 125 98 72 52 38 26 1.6 0.9 5CR 1A691
171 171 16.6 16,5 164 16.2 159 156 151 145 138 109 80 58 42 29 1.8 1.0 5CR
19.3 19.2 18.7 185 185 182 179 17.5-17.0 164 129 98 72 52 38 26 1.6 09 5CR
214 214 20.8 20.6 20.5 20.2 199\19.5 189 182 143 109 80 58 42 29 1.8 1.0 5CR
219 219 219 21.8 21.7 214 21.0 20.6 20.0 19.2 183 17.2 16.0 145 11.0 78 51 32 91 A691
24.3 24.3 24.3 24.2(241 23.7 23.4 229 222 213 203 19.1 178 161 122 87 57 35 091
219 219 219,218 21.7 214 21.0 20.6 20.0 19.2 183 17.2 16.0 147 113 82 55 33 91
24.3 243,243 24.2 241 23.7 234 229 222 213 203 19.1 178 163 126 9.1 61 37 91

Plate
15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 153 143 92 59 2 A387
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 195 186 9.2 59 .. 2
17.1 17.1 16.6 16.5 164 16.2 159 15.6 151 145 138 109 80 58 42 29 1.8 1.0 5
214 21.4 20.8 20.6 20.5 20.2 199 195 189 182 143 109 80 58 42 29 1.8 1.0 5
171 171 171 171 171 171 171 171 171 168 164 137 93 6.3 42 2.8 11 A387
214 214 214 214 214 214 214 214 214 214 202 137 93 63 4.2 2.8 11
15.7 15.4 15.1 15.1 15.1 15.1 15.1 151 15.1 15.1 15.1 14.7 11.3 7.2 45 28 12
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Table A-2
Low and Intermediate Alloy Steel (Cont’d)
Specified Specified

Minimum Minimum E

Spec. Nominal Tensile, Yield, or

No. Grade Type or Class Composition P-No. Notes ksi ksi F

Plate

12 2 1Cr-%Mo 4 65 40 1.00

A387 21 1 3Cr-1Mo 5A 60 30 1{oo

1 2 3Cr-1Mo 5A 75 45 1{oo

2 1 2Y%,Cr-1Mo 5A (5) 60 30 1{o0

2 2 2Y%,Cr-1Mo 5A (5) 75 45 1{o0

A387 91 Type 1 9Cr-1Mo-1V 15E 85 60 1{00

D1 Type 2 9Cr-1Mo-1V 15E 85 60 1{00

SA/EN  15NiCuMoNb 5-6-4 ... 15NiCuMoNb (15) 88 67 1{o0
10028-2

5NiCuMoNb 5-6-4 ... 15NiCuMoNb (16) 88 64 1{o0

5NiCuMoNb 5-6-4 ... 15NiCuMoNb an 87 62 1{00

5NiCuMoNb 5-6-4 ... 15NiCuMoNb (18) 86 61 1{00
Forgings

A182 F1 Cc-%Mo 3 2) 70 40 1{o0

2 YCr-4Mo 3 70 40 1j00

5 5Cr-“%Mo 5B 70 40 1{00

(5a 5Cr-"%Mo 5B 90 65 1jo0

A182 11 Class 1 1Y,Cr-"%Mo-8i 4 60 30 1{00

F11 Class 2 1Y,Cr-Y4Mo>Si 4 70 40 1{00

F11 Class 3 1Y,Cr-,Mo-Si 4 75 45 1{00

F12 Class 1 1Ce~Y5Mo 4 60 30 1{00

12 Class 2 1cr-%,Mo 4 70 40 1{o0

(21 3Cr-1Mo 5A 75 45 1{o0

22 Class 1 2Y%,Cr-1Mo 5A (5) 60 30 1{o0

22 Class 3 2Y,Cr-1Mo 5A (5) 75 45 1{00

36 Class'1 1.15Ni-0.65Cu-Mo-Cb (12) (13) 90 64 1{oo

36 Class 2 1.15Ni-0.65Cu-Mo-Cb . (12) (13) 95.5 66.5 1{o0

F9 9Cr-1Mo 5B 85 55 1{o0

F91 Type 1 9Cr-1Mo-V 15E 90 60 1{o0

F91 Type 2 9Cr-1Mo-V 15E 90 60 1{00

A336 [ 1 C-Y%Ma 3 (2) 70 40 1100

F5 5Cr-"%4Mo 5B 60 36 1.00

F5A 5Cr-"%Mo 5B 80 50 1.00

F11 Class 1 1Y,Cr-Y%Mo-Si 4 60 30 1.00

F11 Class 2 1Y,Cr-"%Mo-Si 4 70 40 1.00

F11 Class 3 1Y,Cr-"%Mo-Si 4 75 45 1.00

F12 1Cr-%4Mo 4 70 40 1.00

F21 Class 1 3Cr-1Mo 5A 60 30 1.00

F21 Class 3 3Cr-1Mo 5A 75 45 1.00

F22 Class 1 2Y%,Cr-1Mo 5A (5) 60 30 1.00
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Table A-2
Low and Intermediate Alloy Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade lgo.

Plate (Cont'd)

18.6 18.2 179 179 179 179 179 179 179 179 179 174 113 72 45 28 12

17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 160 120 9.0 70 55 40 21 IA387

214 21.4 209 20.6 20.5 204 20.2 20.0 19.7 193 181 131 95 68 49 32 21

17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 108 80 57 3.8 22

21.4 214 209 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 158 114 78 51 32 22

24.3 P4.3 243 24.2 241 237 234 229 222 213 203 19.1 178 161 122 87 57 346/991 IA387

24.3 24.3 24.3 242 241 23.7 234 229 222 213 203 19.1 178 163 126 9.1 61,37 91

25.7 $5.7 25.1 25.1 25.1 25.1 25.1 25.1 15NiCuMoNb  §A/EN
1p028-2

25.7 $5.7 25.1 25.1 25.1 25.1 25.1 25.1 15NiCuMoNb

25.1 25.1 245 245 245 245 245 245 15NiCuMoNb

24.6 24.6 239 239 239 239 239 239 15NiCuMoNb
Forgings

20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 19.3 .. F1

20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 19.3 186\ 92 59 .. F2

20.0 0.0 19.4 19.2 19.2 189 186 182 17.6 17.0 143 <109 80 58 42 29 1.8 1.0 F5

25.7 25.7 249 24.7 24.6 243 239 234 227 191 1437109 80 58 42 29 1.8 10 F5a

17.1 17.1 17.1 168 16.2 15.7 154 15.1 148 144140 136 93 63 42 28 F11

20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.7 192 18.7 137 93 63 42 28 F11

214 P14 214 214 214 214 214 214 214 214 202 137 93 63 42 28 F11

17.1 16.8 16,5 16.5 16.5 16.3 16.0 158155 153 149 145 113 72 45 28 F12

20.0 19.6 19.2 19.2 19.2 19.2 19.2,19.2 19.2 19.1 186 180 113 72 45 28 F12

21.4 214 209 20.6 20.5 20.4 20.220.0 19.7 193 181 131 95 68 49 32 F21

17.1 17.1 16.6 16.6 16.6 16.67 166 16.6 16.6 16.6 166 13.6 108 80 57 38 F22

214 ?1.4 209 20.6 20.5 20.4 20.2 20.0 19.7 193 18.7 158 114 78 51 32 F22

25.7 $5.7 25.1 25.1 25.%25.1 25.1 25.1 F36

27.3 27.3 26.6 26.626:6 26.6 26.6 26.6 .. F36

24.3 P4.2 235 2345233 229 226 221 214 206 196 164 110 74 50 33 22 15 F9

25.7 $5.7 25.2.256 25.5 25.1 24.7 24.2 235 226 21.5 20.2 188 161 122 87 57 35 F91

25.7 5.7 25:7°25.6 25.5 25.1 24.7 24.2 235 22.6 215 202 188 167 126 9.1 61 37 FI1

20.0 200 200 200 200 200 200 200 200 199 193 7137 Q&K2 48 E1 336

17.1 17.1 16.6 16,5 164 16.2 159 15.6 151 145 138 109 80 58 42 29 18 10 F5

229 228221 22.0 219 21.6 213 208 202 19.1 143 109 80 58 42 29 18 1.0 F5A

17.1 171 17.1 168 16.2 157 154 151 14.8 144 140 136 93 63 42 28 F11

20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.7 19.2 18.7 137 93 63 42 28 F11

214 214 214 214 214 214 214 214 214 214 202 137 93 63 42 28 F11

20.0 19.6 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.1 18.6 180 11.3 72 45 28 .. F12

171 171 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 160 120 90 70 55 40 27 15 F21

214 21.4 209 20.6 20.5 204 20.2 20.0 19.7 193 181 131 95 68 49 32 24 13 F21

17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 166 13.6 108 80 57 38 F22
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Table A-2
Low and Intermediate Alloy Steel (Cont’d)

Specified Specified

Minimum Minimum E
Spec. Nominal Tensile, Yield, or
No. Type or Class Composition P-No. Notes ksi ksi F
Forgings
F22 Class 3 2Y,Cr-1Mo 5A (5) 75 45 1.00
FI91 Type 1 9Cr-1Mo-V 15E 90 60 1.00
£91 Type 2 9Cr-1Mo-V 15E 90 60 1loo
A350 LF3 3%Ni 9B €Y} 70 40 1{oo
| F4 %,Cr-%,Ni-Cu-Al 4 6)) 60 1|00
F5 Class 1 1%Ni 9A €Y} 60 30 1{00
F5 Class 2 1%Ni 9A €Y} 70 37 1{oo
LF9 2Ni-1Cu 9A 1 63 46 1{oo
Wrought Fittings (Seamless and Welded)
A234 WP1 C-"%Mo 3 (2) 55 30 1joo
WP5 Class 1 5Cr-4Mo 5B 60 30 1{oo
wps Class 3 5Cr-"%Mo 5B 75 45 1{00
WwpP9 Class 1 9Cr-1Mo 5B 60 30 1{00
WwP11 Class 1 1Y,Cr-%Mo 4 60 30 1|00
P11 Class 3 1Y,Cr-%Mo 4 75 45 1{00
Wp12 Class 1 1Cr-“4Mo 4 (6) 60 32 1joo
WpP12 Class 2 1Cr-"4Mo 4 70 40 1{oo
A234  Wp22 Class 1 2Y,Cr-1Mo 5A (5) 60 30 1{o0
Wp22 Class 3 2Y,Cr-1Mo 5A (5) 75 45 1{oo
WP91 Type 1 9Cr-1Mo-V 15E (19) 90 60 1{oo
WP91 Type 2 9Cr-1Mo-V 15E (19) 90 60 1{oo
Castings
A217  WC1 €=Y%Mo 3 (2) 3) (4) 65 35 o[so
wc4 INi-%,Cr-"4Mo 4 (3) 4 70 40 0J80
wcs ¥,Ni-1Mo-%,Cr 4 (3) (4) 70 40 0J80
ce 1%,Cr-"4Mo 4 (3) (4) 70 40 0J80
A217  WC9 2Y,Cr-1Mo 5A (3) 4 70 40 o0[so
5 5Cr-",Mo 5B (3) 4 90 60 o[so
[12 9Cr-1Mo 5B (3) @ 90 60 o[so
[12A 9Cr-1Mo-V 15E 4) (14) 85 60 0[so
A1091 €91 1 9Cr-1Mo-V 15E (4) (14) 85 60 0[so
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Table A-2
Low and Intermediate Alloy Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade lgo.
Forgings (Cont'd)
214 214 209 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 158 114 78 51 32 . F22
25.7 25.7 25.7 25.6 25.5 25.1 24.7 24.2 235 22.6 215 202 188 161 122 87 57 35 F91
25.7 25.7 25.7 25.6 25.5 25.1 24.7 242 235 22.6 215 20.2 188 167 126 9.1 61 37 FI1
20.0 20.0 20.0 20.0 20.0 18.8 17.9 LF3 IA350
17.1 171 171 171 171 171 171 LF4
17.1 16.5 15.7 15.3 15.3 LES
20.0 19.2 18.3 17.8 17.8 LF5
18.0 LF9
Wrought FEittings (Seamless and Welded)
15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 154 149 145 .. WP1 A234
17.1 17.1 16.6 16.5 164 16.2 159 156 151 145 138 109 80 58 42 29, 18 1.0 WP5
214 214 20.8 20.6 20.5 20.2 199 195 189 182 143 109 80 58 42{,29 18 10 WP5
17.1 171 16.6 16,5 164 16.2 159 15.6 151 145 138 13.0 106 74 _50) 33 22 15 WP9
17.1 171 17.1 168 16.2 157 154 151 14.8 144 140 136 93 63 <42 28 WP11
214 214 214 214 214 214 214 214 214 214 202 137 93 ¢63° 42 28 WP11
17.1 16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 153 149 145 1137, 72 45 28 WP12
20.0 19.6 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.1 186 180 143" 72 45 28 WP12
17.1 171 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 166 436 108 80 57 3.8 Wp22 A234
214 21.4 209 20.6 20.5 204 20.2 20.0 19.7 193 187 158 114 78 51 32 .. WP22
25.7 $5.7 25.7 25.6 25.5 25.1 24.7 24.2 235 22.6(215 20.2 188 161 122 87 57 35 WPIl
25.7 $5.7 25.7 25.6 25.5 25.1 24.7 24.2 235 22 215 20.2 188 167 126 9.1 61 37 WPI1
Chstings
149 149 149 149 149 149 149 147%\143 139 135 .. WC1 A217
16.0 16.0 16.0 16.0 16.0 16.0 16.0{ 16.0 16.0 16.0 154 12.0 74 47 .. wcC4
16.0 16.0 16.0 16.0 16.0 16.0 16.0°16.0 16.0 16.0 154 130 88 55 37 22 WC5
16.0 16.0 16.0 16.0 16.0 16.0, 16.0 16.0 158 154 150 11.0 74 50 34 22 WcCe
16.0 16.0 15.8 15.5 154154 153 15.0 14.8 143 138 126 91 62 41 26 wCo A217
20.6 20.6 199 19.8(19.7 194 191 187 182 153 114 87 64 46 34 23 14 08 C5
20.6 20.6 199 19:8719.7 194 19.1 187 182 174 166 131 88 59 40 26 18 12 C(Cl12
19.4 19.4 18.8\18.2 178 174 17.1 168 164 16.0 154 148 142 114 90 69 46 28 Cl2A
19.4 194188 182 17.8 174 17.1 168 164 16.0 154 148 142 114 90 69 46 28 (91 A1091
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Table A-2
Low and Intermediate Alloy Steel (Cont’d)

GENERAL NOTES:

The tabulated specifications are ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.
The stress values in this table may be interpolated to determine values for intermediate temperatures.

The P-Numbers indicated in this table are identical to those adopted by ASME BPVC, Section IX, except as modified by para. 127.5.
Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”
The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given.
The tabulated stress values are S x E (weld joint efficiency factor) or S x F (material quality factor), as applicable. Weld joint efficiency factors

are sjown in Table 102.4.3-1.
re-temperature ratings of piping components, as published in standards referenced in this Code, may be used for comppnents
hg the requirements of those standards. The allowable stress values given in this table are for use in designing piping conipoeheits that

The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture, strength gov

t manufactured in accordance with referenced standards.
materials listed are classifed as ferritic (see Table 104.1.2-1).

on of stresses.
ra. 124.1.2 for lower temperature limits.

MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.1.2-
prolonged exposure to temperatures above 800°F (427°C), the carbide phase of carbon-molybdenum steel may be conve
te.

allowable stress values apply to normalized and tempered material only.

e at temperatures above 850°F, the carbon content of the base material and, where applicable, weld filler metal shall be 0.
. See para. 124.2(d).
M A234 Grade WP12 fittings are made from ASTM A387 Grade 12 Class 1 plate, the allowable stress values shall be reduced by t}

utual quality factor for centrifugally cast pipe (0.85) is based on all surfacés being machined, after heat treatment, to a surface fi
n. arithmetic average deviation or better.

allowable stress values are for pipe fabricated from ASTM A387 Class 1 plate in the annealed condition.

allowable stress values are for pipe fabricated from ASTM A387 Class 2 plate.

[ED

[ED

prdance with para. 132.1.3.
ONARY NOTE: Corrosion fatigue occurs by the-combined actions of cyclic loading and a corrosive environment. In piping sy
ion fatigue is more likely to occur in portiens of water systems with low strain rates (<1.0%/sec), higher temperatures [abovd
[)], and higher dissolved oxygen (>0.04.ppm), with a preference toward regions with increased local stresses. While the mech
k initiation and growth are complex and not fully understood, there is consensus that the two major factors are strain and wa
nment. Strain excursions of sufficient magnitude to fracture the protective oxide layer play a major role. In terms of the wa
nment, high levels of dissolyed.oxXygen and pH excursions are known to be detrimental. Historically, the steels applied in these|
bd components have had the minimum specified yield strengths in the range of 27 ksi to 45 ksi (185 MPa to 310 MPa) and mi
ed tensile strengths in thie range of 47 ksi to 80 ksi (325 MPa to 550 MPa). As these materials are supplanted by higher strength
have concern that thethigher design stresses and thinner wall thicknesses will render components more vulnerable to fail
ion fatigue. Thus;When employing such higher strength steels for water systems, it is desirable to use best practices in de
izinglocalizedstrain concentrations, in control of water chemistry and during lay-up by limiting dissolved oxygen and pH excu
operation’ by, conservative startup, shutdown, and turndown practices.

ditional ‘requiirements for this material, see para. 125.1.

allowable stress values apply to thicknesses less than or equal to 1% in. (40 mm).

allowzble stress values apply to thicknesses greater than 1'% in. (40 mm) and less than or equal to 2% in. (60 mm).

aterial quality factors and allowable stress values for these materials may be increased in accordance with para. 102.4..

divided by 60 in the temperature range -20°F through 850°F. At 900%F through 1,100°F, the values shown may be used.

brn the

10.
Ited to

5% or

eratio

nish of

te weld procedure and performance qualificationgshall apply for both classes of this material. The postweld heat treatment ghall be

stems,
300°F
hnisms
erside
erside
lwater-
himum
steels,
res by
ign by
rsions,

(a)
(b)
©
(d)
(e)
®
(g) Press
meeti
are n
(h) All th
@
select
() Seep
NOTES:
(1) THIS
(2) Upon
graph
(3) These|
(4) The n
(5) For usg
highe
(6) IfAST
of 55
(7) Them
250 yl
(8) These|
(9) These|
(10) DELE]
(11) DELE]
(12) Separ:
in acc|
(13) CAUT
COITOS
(150°
of cra
envirg
envirg
touch
specif]
some
corrog
mininj
and iy
(14) For a
(15) These|
(16) These|
(17) These
(18) These
(19)

1 lal " 1 Tt tlaial & 4+ 2 ; oo hY a1 ) 1o 4 FEWaYa) hY
arowanre— St eSS varttes—appry to i eReSSesS g eater a7 (O anaress—tatror—eqtar to—r (T o1y

allowable stress values apply to thicknesses greater than 4 in. (100 mm) and less than or equal to 6 in. (150 mm).

For additional requirements for this material, see para. 125.2.
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Table A-3

Stainless Steels

Specified Specified

UNS Minimum Minimum E

Spec. Type or Alloy Nominal P- Tensile, Yield, or

No. Grade No. Composition No. Notes ksi ksi F
Seamless Pipe and Tube: Austenitic

A213 TP304 S30400  18Cr-8Ni 8 (10) 75 30 1.00

TP304 S30400  18Cr-8Ni 8 (9)(10) 75 30 1.00

TIP304H S30409  18Cr-8Ni 8 .. 75 30 1.00

TIP304H S30409  18Cr-8Ni 8 (9) 75 30 1.00

A213 TPP304L S30403  18Cr-8Ni 8 .. 70 25 1.00

TPP304L S30403  18Cr-8Ni 8 (9) 70 25 1.00

TIP304N S30451  18Cr-8Ni-N 8 (10) 80 35 1.00

TPP304N S30451  18Cr-8Ni-N 8 (9) (10) 80, 35 1.00

A213 S30815  21Cr-11Ni-N 8 (1) 87 45 1.00

S30815  21Cr-11Ni-N 8 (MM 87 45 1.00

A213 TIP309H S30909  23Cr-12Ni 8 (9) 75 30 1.00

TIP309H S§30909  23Cr-12Ni 8 . 75 30 1.00

TPP310H S$31009  25Cr-20Ni 8 (9) 75 30 1.00

TPP310H S$31009  25Cr-20Ni 8 75 30 1.00

A213 TIP316 S§31600  16Cr-12Ni-2Mo 8-(10) (29) 75 30 1.00

TIP316 S§31600  16Cr-12Ni-2Mo 8 (9) (10) (29) 75 30 1.00

TPP316H S31609  16Cr-12Ni-2Mo 8 (29) 75 30 1.00

TPP316H S31609  16Cr-12Ni-2Mo 8 (9)(29) 75 30 1.00

A213 TIP316L S§31603  16Cr-12Ni=2Mo 8 (29) 70 25 1.00

TPP316L S31603  16Cr-12Ni-2Mo 8 (9)(29) 70 25 1.00

TPP316N S31651  16Ct-12Ni-2Mo-N 8 (10) 80 35 1.00

TPP316N S31651 _16Cr-12Ni-2Mo-N 8 (9)(10) 80 35 1.00

A213 TPP316Ti S31635~ 16Cr-12Ni-2Mo-Ti 8 (10) 75 30 1.00

TIP316Ti §31635  16Cr-12Ni-2Mo-Ti 8 (9)(10) 75 30 1.00

Tp317 S§31700  18Cr-13Ni-3Mo 8 (1) (10) 75 30 1.00

TP317 S31700  18Cr-13Ni-3Mo 8 (1) (9) (10) 75 30 1.00

TPP317L S§31703  18Cr-13Ni-3Mo 8 (1) 75 30 1.00

TP317L S$31703  18Cr-13Ni-3Mo 8 (1)(9) 75 30 1.00

A213 TP3Z2T 532100 T8CTr—-10NI-11 3 (10 75 30 T.00

TP321 §32100  18Cr-10Ni-Ti 8 (9)(10) 75 30 1.00

TP321H $32109  18Cr-10Ni-Ti 8 . 75 30 1.00

TP321H §$32109  18Cr-10Ni-Ti 8 (9 75 30 1.00

A213 TP347 S$34700  18Cr-10Ni-Cb 8 (10) 75 30 1.00

TP347 S34700  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00

TP347H S34709  18Cr-10Ni-Cb 8 . 75 30 1.00

TP347H S34709  18Cr-10Ni-Cb 8 (9 75 30 1.00
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Table A-3
Stainless Steels

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Seamless Pipe and Tube: Austenitic
20.0 16.7 15.0 13.8 129 12.3 12.0 11.7 11.5 11.2 11.0 108 10.6 104 101 98 77 6.1 TP304 A213

20.0 20.0 189 183 17.5 16.6 16.2 158 155 152 149 14.6 143 14.0 124 98 77 61 TP304
20.0| 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304H
20.01 20.0 189 183 17.5 16.6 16.2 158 155 15.2 149 14.6 143 14.0 124 98 77 61 TP304H

16.7( 14.3 12.8 11.7 109 10.4 10.2 10.0 9.8 9.7 .. .. TP304L A213
16.7| 16.7 16.7 158 14.7 14.0 13.7 13.5 13.3 13.0 .. .. MIP304L
229 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12,5 123 12.1 118 11.6 11.3 11.0 9.8 7.7 6.)TP304N
229| 229 21.7 203 189 179 175 17.2 169 16.6 16.3 16.0 156 152 124 9.8 7.7.5/6:1 TP304N

249| 24.7 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 162 149 116 9.0\»~69 52 .. A213
249| 24.7 233 224 218 214 21.2 21.0 20.8 20.6 20.3 20.0 19.1 149 116 90. 69 52

20.01 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 169 13.8 10.3 76 55 4.0 TP309H A213
20.0] 17.5 16.1 15.1 14.4 139 13.7 13.5 13.3 13.1 129 12.7 125 123\ 103 76 55 4.0 TP309H
20.0] 20.0 20.0 199 19.3 18.5 182 179 17.7 17.4 17.2 169 16.7 43.8 10.3 76 55 4.0 TP310H
20.0] 17.6 16.1 15.1 143 13.7 13.5 13.3 13.1 129 12.7 12.5 12.3/12.1 103 76 55 4.0 TP310H

20.0] 17.3 15.6 143 133 12.6 123 12.1 119 11.8 11.6 1£5 114 113 11.2 111 98 74 TP316 A213
20.01 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7\15.6 154 153 151 124 98 74 TP316
20.0] 17.3 15.6 14.3 13.3 12.6 123 12.1 119 118,116 115 114 113 11.2 111 98 74 TP316H
20.01 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159.15.7 15.6 154 153 151 124 98 74 TP316H

16.7( 14.1 127 11.7 109 104 10.2 10.0 .98 96 94 92 90 88 86 84 83 64 TP316L A213
16.7( 16.7 16.0 15.6 14.8 14.0 13.8 13.5\13.2 13.0 12.7 124 12.1 119 116 114 88 6.4 TP316L
229| 20.7 19.0 17.6 16.5 15.6 15.2{ 149 14.5 14.2 139 13.7 134 132 129 123 98 74 TP316N
229 229 22.0 21.5 21.2 21.0_20.5/20.0 19.6 19.2 188 185 181 178 158 123 98 74 TP316N

20.01 17.7 15.8 14.3 13.2° 124 12.2 12.0 119 118 11.7 11.6 115 114 112 11.0 98 74 TP316Ti A213
20.01 20.0 20.0 19.4 #78-16.8 16.5 16.2 16.0 159 158 15.7 155 153 151 123 98 74 TP316Ti
20.0] 17.3 15.6 14.3¢13.3 12.6 123 12.1 119 118 11.6 11.5 114 113 112 111 98 74 TP317
20.0] 20.0 20.0_193 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 TP317

20.0| 17.0 15.2,14.0 13.1 12.5 12.2 12.0 11.7 115 11.3 .. .. TP317L
20.0| 20.0839.6 189 17.7 169 16.5 16.2 15.8 15.5 152 .. .. TP317L
20.0 — 180U 165 153 143 135 I13.Z 130 12.7 120 124 123 12.I 120 90 0.9 5.0 30 1P321 213

20.0 20.0 19.1 187 18.7 183 179 17.5 17.2 169 16.7 16.5 164 162 96 69 50 3.6 TP321
20.0 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 120 119 91 6.9 54 TP321H
20.0 20.0 19.1 187 18.7 183 179 17.5 17.2 169 16.7 165 164 162 123 9.1 6.9 54 TP321H

200 184 171 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1 44 TP347 A213
20.0 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 44 TP347
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 TP347H
20.0 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 164 16.2 141 105 7.9 TP347H
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Table A-3

Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E

Spec. Type or Alloy Nominal P- Tensile, Yield, or

No. Grade No. Composition No. Notes ksi ksi F
Seamless Pipe and Tube: Austenitic

A213 TP348 S34800  18Cr-10Ni-Cb 8 (10) 75 30 1.00

TP348 S34800  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00

TIP348H S$34809  18Cr-10Ni-Cb 8 .. 75 30 1.00

TIP348H S$34809  18Cr-10Ni-Cb 8 (9) 75 30 1.00

A312 . N08904 44Fe-25Ni-21Cr-Mo 45 (1) 71 31 1.00

TPP304 S30400  18Cr-8Ni 8 (10) 75 B0 1.00

TIP304 S30400  18Cr-8Ni 8 (9)(10) 75 30 1.00

TIP304H S30409  18Cr-8Ni 8 .. 75 30 1.00

TPP304H S30409  18Cr-8Ni 8 (9) 75 30 1.00

A312 TPP304L S30403  18Cr-8Ni 8 (1) 70 25 1.00

TPP304L S30403  18Cr-8Ni 8 (1) (9) 70 25 1.00

TIP304N S30451  18Cr-8Ni-N 8 (10) 80 35 1.00

TPP304N S30451  18Cr-8Ni-N 8 (9)(10) 80 35 1.00

A312 S30815  21Cr-11Ni-N 8 (1) 87 45 1.00

S30815  21Cr-11Ni-N 8 (1) ® 87 45 1.00

A312 TIP309H S§30909  23Cr-12Ni 8 «(9) 75 30 1.00

TIP309H S30909  23Cr-12Ni 8 .. 75 30 1.00

TPP310H S31009  25Cr-20Ni 8 (9) 75 30 1.00

TPP310H S31009  25Cr-20Ni 8 75 30 1.00

A312 TIP316 S§31600  16Cr-12Ni-2Mo 8 (10) (29) 75 30 1.00

TP316 S31600  16Cr-12Ni-2Mo 8 (9) (10) (29) 75 30 1.00

TPP316H S31609  16Cr-12Ni-2Mo 8 (29) 75 30 1.00

TPP316H S31609  16Cr-12Ni-2Mo 8 (9)(29) 75 30 1.00

A312 TIP316L S§31603_{_ 16Cr-12Ni-2Mo 8 (1) (29) 70 25 1.00

T|P316L S31608./ 16Cr-12Ni-2Mo 8 (1) (9)(29) 70 25 1.00

TIP316N S31651  16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00

TPP316N $31651  16Cr-12Ni-2Mo-N 8 (9) (10) 80 35 1.00

A312 TIP317LMN S§31726  19Cr-15.5Ni-4Mo 8 (1) 80 35 1.00

TIP317LMN S§31726  19Cr-15.5Ni-4Mo 8 (1)) 80 35 1.00

TIP316Ti S§31635  16Cr-12Ni-2Mo-Ti 8 (10) 75 30 1.00

TPP316Ti S31635  16Cr-12Ni-2Mo-Ti 8 (9)(10) 75 30 1.00

A312 TP317 S§31700  18Cr-13Ni-3Mo 8 (1) (10) 75 30 1.00

TP317 S§31700  18Cr-13Ni-3Mo 8 (1) (9) (10) 75 30 1.00

TP317L S31703  18Cr-13Ni-3Mo 8 .. 75 30 1.00

TP317L S§31703  18Cr-13Ni-3Mo 8 (9 75 30 1.00

A312 TP321 §$32100  18Cr-10Ni-Ti 8 (10) (30) 75 30 1.00

TP321 §32100  18Cr-10Ni-Ti 8 (9) (10) (30) 75 30 1.00

TP321H S$32109  18Cr-10Ni-Ti 75 30 1.00
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Seamless Pipe and Tube: Austenitic (Cont’d)
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 13.4 134 121 9.1 6.1 44 TP348 A213
20.0 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 44 TP348
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 TP348H
20.0] 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 164 162 141 10.5 79 TP348H
20.3] 16.7 15.1 13.8 12.7 119 11.6 114 .. A312
20.01 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 101 98 77 61 TR304
20.0] 20.0 189 183 17.5 16.6 16.2 158 15.5 152 149 14.6 143 140 124 98 7.7 64y TP304
20.0| 16.7 15.0 13.8 129 12.3 12.0 11.7 11.5 11.2 11.0 10.8 106 104 101 9.8 7.7 /,6.1" TP304H
20.0] 20.0 189 183 17.5 16.6 16.2 158 15.5 15.2 149 14.6 143 140 124 9.8 ZZ\N'6.1 TP304H
16.7( 143 12.8 11.7 109 104 10.2 10.0 9.8 9.7 TP304L A312
16.7] 16.7 16.7 158 14.7 14.0 13.7 13.5 13.3 13.0 .. .. TP304L
229| 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12,5 123 12.1 118 11.6 113 11L0¢ 98 77 6.1 TP304N
229| 229 21.7 203 189 179 175 17.2 169 16.6 16.3 16.0 15,6 152 /124 9.8 77 6.1 TP304N
249| 247 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 16.2 449" 116 9.0 69 52 A312
249| 24.7 233 224 218 214 21.2 21.0 20.8 20.6 20.3 20.0 19.1»149 116 90 69 52
20.0] 20.0 20.0 20.0 19.4 18.8 185 18.2 18.0 17.7 17.5 17.2)\169 138 103 76 55 4.0 TP309H A312
20.0] 17.5 16.1 15.1 14.4 139 13.7 13.5 13.3 13.1 129:127 125 123 103 76 55 4.0 TP309H
20.0] 20.0 20.0 199 19.3 185 182 179 17.7 17.4 17.27169 16.7 138 103 76 55 4.0 TP310H
20.01 17.6 16.1 15.1 143 13.7 13.5 13.3 13.1 129 1277 125 123 121 103 7.6 55 40 TP310H
20.0] 17.3 15.6 143 133 12.6 123 12.1 119118 11.6 11.5 114 113 11.2 111 98 74 TP316 A312
20.0] 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.F 159 15.7 15.6 154 153 151 124 98 74 TP316
20.0] 17.3 15.6 14.3 13.3 12.6 12.3 12.1-119 118 11.6 115 114 113 11.2 111 98 74 TP316H
20.01 20.0 20.0 19.3 18.0 17.0 16.6\16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 TP316H
16.7( 14.2 12.7 11.7 109 10.4 102 100 98 96 94 92 90 88 86 84 83 64 TP316L A312
16.7( 16.7 16.7 15.7 14.8-14.0 13.7 13.5 13.2 129 12.7 124 121 119 116 114 88 64 TP316L
229| 20.7 19.0 17.6 16:5M5.6 15.2 149 14.5 14.2 139 13.7 134 13.2 129 123 98 74 TP316N
229 229 22.0 21.5,21:2 21.0 20.5 20.0 19.6 19.2 188 185 181 178 158 123 98 74 TP316N
229| 20.0 17,9v16.3 153 14.6 TP317LMN A312
229] 21.8 209720.5 203 19.7 .. TP317LMN
20.0] 17.7415.8 14.3 13.2 12.4 12.2 12.0 119 11.8 11.7 11.6 11.5 114 112 11.0 98 74 TP316Ti
20.01 200 20.0 194 17.8 16.8 16.5 16.2 16.0 159 15.8 15.7 155 153 151 123 98 74 TP316Ti
200 17.3 15.6 14.3 133 12.6 123 12.1 119 118 116 11.5 114 113 11.2 111 98 74 TP317 A312
20.0 20.0 20.0 193 18.0 17.0 16.6 16.3 16.1 159 15.7 156 154 153 151 124 98 74 TP317
20.0 17.0 15.2 14.0 13.1 12.5 12.2 12.0 11.7 11.5 11.3 TP317L
20.0 20.0 19.6 189 17.7 169 16.5 16.2 15.8 15.5 15.2 TP317L
20.0 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 120 96 69 50 3.6 TP321 A312
20.0 20.0 19.1 187 18.7 183 179 17.5 172 169 16.7 16,5 164 162 96 69 50 3.6 TP321
20.0 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 12.0 119 9.1 6.9 54 TP321H
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Table A-3

Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade No. Composition No. Notes ksi ksi F

Seamless Pipe and Tube: Austenitic

TP321H S$32109  18Cr-10Ni-Ti 8 (9) (30) 75 30 1.00

A312 TP321 S$32100  18Cr-10Ni-Ti 8 (10) (31) 70 25 1.00

TP321 S$32100  18Cr-10Ni-Ti 8 (9) (10) (31) 70 25 1.00

TP321H S$32109  18Cr-10Ni-Ti 8 (31) 70 25 00

TP321H S$32109  18Cr-10Ni-Ti 8 (9) (31) 70 25 1.00

A312 TIP347 S34700  18Cr-10Ni-Cb 8 (10) 75 30 1.00

TIP347 S34700  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00

TPP347H S34709  18Cr-10Ni-Cb 8 .. 75 30 1.00

TPP347H S34709  18Cr-10Ni-Cb 8 (9) 75 30 1.00

A312 TP348 S34800  18Cr-10Ni-Cb 8 (10) 75 30 1.00

TP348 S34800  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00

TPP348H S34809  18Cr-10Ni-Cb 8 . 75 30 1.00

TIP348H S34809  18Cr-10Ni-Cb 8 (9) 75 30 1.00

A312 TPXM-15 S$38100  18Cr-18Ni-2Si 8 (D 75 30 1.00

TPXM-15 §38100  18Cr-18Ni-2Si 8:(1) (9) 75 30 1.00

TPXM-19 S20910  22Cr-13Ni-5Mn 8 (1) 100 55 1.00

TPXM-19 S§20910  22Cr-13Ni-5Mn 8 (1)) 100 55 1.00

S31254  20Cr-18Ni-6Mo 8 (1) 95 45 1.00

S31254  20Cr-18Ni-6Mo 8 (M) 95 45 1.00

A376 TPP304 S30400  18Cr-8Ni 8 (10) 75 30 1.00

TPP304 S30400  18Cr-8Ni 8 (9) (10) 75 30 1.00

TIP304H S30409 _ 18Cr-8Ni 8 .. 75 30 1.00

TIP304H S$30409~\.18Cr-8Ni 8 (9) 75 30 1.00

TIP304N S30451~ 18Cr-8Ni-N 8 (10) 80 35 1.00

TIP304N §30451  18Cr-8Ni-N 8 (9)(10) 80 35 1.00

A376 TP316 S$31600  16Cr-12Ni-2Mo 8 (10) (29) 75 30 1.00

TP316 §31600  16Cr-12Ni-2Mo 8 (9) (10) (29) 75 30 1.00

TP316H S31609  16Cr-12Ni-2Mo 8 (29) 75 30 1.00

TP316H S31609  16Cr-12Ni-2Mo 8 (9)(29) 75 30 1.00

TP316N 531651 T6Cr-1Z2N1-ZMo-N o (10) 3y 35 1.00

TP316N S§31651  16Cr-12Ni-2Mo-N 8 (9)(10) 80 35 1.00

A376 TP321 §32100  18Cr-10Ni-Ti 8 (10) 75 30 1.00

TP321 §32100  18Cr-10Ni-Ti 8 (9)(10) 75 30 1.00

TP321H S§32109  18Cr-10Ni-Ti 8 . 75 30 1.00

TP321H §32109  18Cr-10Ni-Ti 8 (9 75 30 1.00

A376 TP347 S$34700  18Cr-10Ni-Cb 8 (10) 75 30 1.00

TP347 S$34700  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Seamless Pipe and Tube: Austenitic (Cont’d)
20.0 20.0 19.1 187 187 183 179 17.5 17.2 169 16.7 16,5 164 16.2 123 9.1 6.9 54 TP321H
16.7( 15.0 13.8 12.8 119 11.3 11.0 10.8 10.6 10.5 10.3 10.2 10.1 100 96 69 50 3.6 TP321 A312
16.7( 16.7 16.7 16.7 16.1 15.2 149 14.6 143 141 139 138 13.6 135 96 69 50 36 TP321
16.7( 15.0 13.8 12.8 119 11.3 11.0 10.8 10.6 10.5 10.3 10.2 10.1 10.0 9.6 9.1 6.9 54 TP321H
16.7] 16.7 16.7 16.7 16.1 15.2 149 14.6 143 14.1 139 138 13.6 135 123 9.1 69 54 TP321H
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1 44 )TP347 A312
20.0] 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.10. 44 TP347
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 134 134 133 105" 7.9 TP347H
20.0] 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 164 162 141\;10.5 79 TP347H
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 12.1 9.1 6.1 44 TP348 A312
20.0] 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 121 9.1 6.1 44 TP348
20.0| 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 TP348H
20.0] 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 464" 162 141 10.5 79 TP348H
20.0] 16.7 15.0 13.8 129 12.3 12.0 11.7 11.5 11.2 11.0 10.8 106 10.4 TPXM-15 A312
20.0] 20.0 189 183 17.5 16.6 16.2 15.8 15.5 152 149 146,106 104 .. TPXM-15
28.6| 284 269 26.0 255 25.0 24.6 24.2 239 23.5 23.3\23.0 22.7 22.5 22.2 TPXM-19
28.6| 284 269 26.0 255 25.1 249 24.7 245 242,239 23.6 232 228 223 TPXM-19
27.1] 245 219 20.2 19.1 183 18.0 17.8 17.7
27.1| 27.1 25.8 24.6 23.7 23.2 23.1 23.0 22.9
20.01 16.7 15.0 13.8 129 123 12.0 11.7°\11.5 11.2 11.0 10.8 10.6 104 101 98 77 61 TP304 A376
20.01 20.0 189 183 17.5 16.6 16.2,15.8 155 152 149 14.6 143 14.0 124 98 77 61 TP304
20.0| 16.7 15.0 13.8 129 123_120/11.7 11.5 11.2 11.0 10.8 10.6 104 101 98 77 61 TP304H
20.0] 20.0 189 183 17.5 le:6~.16.2 15.8 15.5 152 149 14.6 143 140 124 98 77 61 TP304H
229| 19.1 16.7 15.1 14.0713:33 13.0 12.8 12,5 123 12.1 11.8 116 113 11.0 98 77 6.1 TP304N
229| 229 21.7 203 1894179 175 17.2 169 16.6 163 16.0 156 152 124 98 77 6.1 TP304N
200 17.3 15.6-1473 133 12.6 123 12.1 119 118 11.6 11.5 114 113 11.2 111 98 74 TP316 A376
20.0] 20.0 200,19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 156 154 153 151 124 98 74 TP316
20.0] 1783\15.6 14.3 13.3 12.6 123 12.1 119 118 11.6 115 114 113 11.2 111 98 74 TP316H
20.0| 20.00 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 TP316H
229 207 190 176 165 156 15.Z2 149 145 147 139 1377 134 132 129 1Z3 9.8 .4 TP316N
229 229 22.0 215 21.2 21.0 20.5 20.0 19.6 19.2 18.8 185 181 178 158 123 98 74 TP316N
20.0 180 16.5 153 143 13.5 13.2 13.0 12.7 12.6 124 123 121 120 96 69 50 3.6 TP321 A376
20.0 20.0 19.1 18.7 18.7 183 179 17.5 17.2 169 16.7 16.5 164 162 96 69 50 3.6 TP321
20.0 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 12.0 119 9.1 6.9 54 TP321H
20.0 20.0 19.1 187 18.7 183 179 17.5 17.2 169 16.7 16.5 164 16.2 123 9.1 6.9 54 TP321H
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1 44 TP347 A376
20.0 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 44 TP347
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Table A-3
Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Seamless Pipe and Tube: Austenitic
TP347H S34709  18Cr-10Ni-Cb 8 .. 75 30 1.00
TP347H S34709  18Cr-10Ni-Cb 8 (9) 75 30 1.00
A376 TP348 $34800 18Cr-10Ni-Cb 8 (10) 75 30 100
TP348 S34800  18Cr-10Ni-Cb 8 (9)(10) 75 30 1,00
Seamless Hipe and Tube: Ferritic/Martensitic
A268 TIP405 S40500 12Cr-Al 7 (3) 60 30 1.00
TP410 S41000  13Cr 6 .. 60 30 1.00
TPP429 S42900  15Cr 6 (3) 60 35 1.00
TPP430 S43000 17Cr 7 (3) 60 35 1.00
TPXM-27 S44627  26Cr-1Mo 101 (1) (2) 65 40 1.00
TP446-1 544600 27Cr 101 .. 70 40 1.00
TPXM-33 544626 27Cr-1Mo-Ti 101 (2) 68 45 1.00
Seamless Fipe and Tube: Ferritic/Austenitic
A789 SB1803 S$31803  22Cr-5.5Ni-3Mo-N 10H (1) (23).(24) 90 65 1.00
SB2101 $32101  21Cr-5Mn-1.5Ni-Cu-N  10H (1) (23)(24) 94 65 1.00
2p05 §32205  22Cr-5.5Ni-3Mo-N 10H (1)(23) (24) 95 70 1.00
SB2003 §32003  21Cr-3.5Ni-1.75Mo-N 10H«(1) (23) (24) 100 70 1.00
SB2101 $32101  21Cr-5Mn-1.5Ni-Cu-N 108 (1) (23) (24) 101 77 1.00
§32550  25.5Cr-5.5Ni-3.5Mo-2Cu_ 10H (1) (25) (26) 110 80 1.00
SB2750 $32750  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 1.00
A790 SB1803 S$31803  22Cr-5.5Ni-3Mo<N 10H (1) (23) (24) 90 65 1.00
SB2101 $32101  21Cr-5Mn-15Ni-Cu-N  10H (1) (23) (24) 94 65 1.00
SB2003 §32003  21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 95 65 1.00
2p05 §32205  22Ck-5!5Ni-3Mo-N 10H (1) (23) (24) 95 65 1.00
SB2101 §32101 _ 21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 101 77 1.00
. §32550-\.25.5Cr-5.5Ni-3.5Mo-2Cu 10H (1) (25) (26) 110 80 1.00
SB2750 S32750~" 25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 1.00
Centrifugally Cast Pipe: Austenitic
A451 CPF8 192600 18Cr-8Ni 8 (1) (8)(10) (17) 70 30 0.85
CPF8 192600 18Cr-8Ni 8 (1) (8) (9) (10) (17) 70 30 0.85
CPF8C ]92710 18Cr-10Ni-Cb 8 (1) (8)(10) (17) 70 30 0.85
CPF8E J92710  18Cr-10Ni-Cb 8 (1) (8) (9) (10) (17) 70 30 0.85
CPF8M ]92900 18Cr-9Ni-2Mo 8 (M) (@13 17N 70 30 0.85
CPF8M ]92900 18Cr-9Ni-2Mo 8 (1) (8)(9) (13) (17) 70 30 0.85
A451 CPH8 J93400  25Cr-12Ni 8 (1) (8) (10) (17) 65 28 0.85
CPH8 ]93400 25Cr-12Ni 8 (1) (8)(9) (10) (17) 65 28 0.85
CPH10 J93410 25Cr-12Ni 8 (1) (6) (8) (10) (17) (70) 30 0.85
CPH10 ]93410 25Cr-12Ni 8 (1) (6) (8)(9) (10) (17) (70) 30 0.85
A451 CPH20 J93402  25Cr-12Ni 8 (1) (6) (8) (10) (17) (70) 30 0.85
CPH20 ]93402 25Cr-12Ni 8 (1) (6) (8)(9) (10) (17) (70) 30 0.85
CPK20 ]94202 25Cr-20Ni 8 (1) (8) (10) (17) 65 28 0.85
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Table A-3
Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Seamless Pipe and Tube: Austenitic (Cont’d)
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 7.9 TP347H
20.0 20.0 188 17.8 17.1 169 16.8 168 16.8 16.8 16.8 16.7 16.6 164 16.2 141 10.5 7.9 TP347H
20.0| 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 134 121 9.1 6.1 4.4 TP348 A376
20.0| 20.0 18.8 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 160 12.1 91 61 44 TP348
Seamless Pipe and Tube: Ferritic/Martepnsitic
17.1] 17.1 16.8 16.5 16.3 159 15.6 15.2 TP405 A268
17.1] 171 16.8 16.5 16.3 159 15.6 15.2 TP410
17.1] 171 16.8 16.5 16.3 159 15.6 15.2 TP429
17.1] 171 16.8 16.5 16.3 159 15.6 15.2 TP430
18.6] 18.6 183 181 181 181 18.1 TPXM-27
20.0] 20.0 19.3 188 184 17.9 17.7 TP446-1
19.4| 19.4 19.3 19.0 18.8 184 18.1 TPXM-33
Seamless Pipe and Tube: Ferritic/Austpnitic
25.7| 25.7 24.8 239 233 231 $31803 A789
269| 269 25.6 24.7 24.7 24.7 S§32101
27.1| 27.1 26.2 25.2 24.6 243 .. 2205
28.6| 27.7 26.1 25.8 25.8 25.8 25.8 $32003
289 289 27.5 26.5 26.5 26.5 $32101
31.4| 31.3 29.5 28.6 282 §32550
33.1| 33.0 31.2 30.1 29.6 29.4 $32750
25.7| 25.7 24.8 239 233 23.1 $31803 A790
269| 269 25.6 24.7 24.7 24.7 .. S$32101
27.1| 263 24.8 24.5 24.5 24.5 245 $32003
271 27.1 26.2 25.2 24.6 24.3 2205
289 289 27.5 26.5 26.5 26.5 $32101
31.4| 313 29.5 28.6 282 .=« $32550
33.1| 33.0 31.2 30.1 29.67294 §32750
Centrifugally Cast Pipe: Austenitic
17.0] 14.2 12.7 11.7) 11.0 10.5 102 99 98 95 94 92 9.0 88 81 64 51 41 CPF8 A451
17.0] 16.1 150145 144 141 13.8 13.4 13.2 129 12.7 124 122 104 81 64 51 41 CPF8
17.0( 14.2_12.7 11.7 11.0 104 10.2 100 98 95 94 92 90 88 86 78 52 38 CPF8C
17.0] 1647)15.0 14.5 144 14.1 13.8 13.5 13.2 129 12.6 124 121 119 103 7.8 52 38 CPF8C
17.0] _¥4.6 132 12.1 113 10.7 104 103 10.1 10.0 99 98 9.7 96 95 76 59 46 CPF8M
17.0 17.0 16.5 163 15.2 144 141 13.8 13.6 13.5 133 132 131 126 98 76 59 46 CPF8M
158 13.0 12.0 11.5 11.1 108 10.5 10.3 100 9.7 94 9.1 8.7 84 7.2 55 43 3.2 CPH8 A451
158 144 134 13.1 131 13.1 13.0 129 128 125 122 118 113 94 72 55 43 32 CPH8
17.0 139 128 123 119 115 113 11.0 10.7 104 100 9.7 78 50 32 21 13 0.85 CPH10
17.0 15.6 145 14.1 14.1 141 14.0 139 138 135 13.1 127 78 50 32 21 13 0.85 CPH10
170 139 128 123 119 115 11.3 11.0 10.7 104 10.0 9.7 94 9.0 7.2 55 4.3 32 CPH20 A451
17.0 15.6 145 14.1 14.1 141 14.0 139 13.8 13.5 13.1 12.7 121 94 72 55 43 3.2 CPH20
158 13.0 12.0 11.5 11.1 10.8 10.5 103 100 9.7 94 91 87 84 81 72 62 51 CPK20
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Table A-3
Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Centrifugally Cast Pipe: Austenitic
CPK20 ]94202 25Cr-20Ni 8 (1) (8)(9) (10) (17) 65 28 0.85
Welded Pippe and Tube — Without Filler Metal: Austenitic
A249 TIP304 S30400  18Cr-8Ni 8 (10) 75 30 0.85
TIP304 S30400  18Cr-8Ni 8 (9) (10) 75 30 0.85
TIP304H S30409  18Cr-8Ni 8 . 75 30 0.85
TIP304H S30409  18Cr-8Ni 8 (9) 75 30 0.85
A249 TIP304L S30403  18Cr-8Ni 8 .. 70 25 0.85
TIP304L S30403  18Cr-8Ni 8 (9) 70 25 0.85
TIP304N S30451  18Cr-8Ni-N 8 (10) 80 35 0.85
TIP304N S30451  18Cr-8Ni-N 8 (9) (10) 80 35 0.85
A249 . S30815  21Cr-11Ni-N 8 (1) 87 45 0.85
S30815  21Cr-11Ni-N 8 ()M 87 45 0.85
A249 TIP309H S30909  23Cr-12Ni 8 (9 75 30 0.85
TIP309H S30909  23Cr-12Ni 8 75 30 0.85
A249 TIP316 S§31600  16Cr-12Ni-2Mo 8 (10) (29) 75 30 0.85
TIP316 S31600  16Cr-12Ni-2Mo 8 (9) (10) (29) 75 30 0.85
TIP316H S31609  16Cr-12Ni-2Mo 8 (29) 75 30 0.85
TIP316H S31609  16Cr-12Ni-2Mo 8 (9)(29) 75 30 0.85
A249 TIP316L S§31603  16Cr-12Ni~2Mo 8 (29) 70 25 0.85
TIP316L S31603  16€r=12Ni-2Mo 8 (9)(29) 70 25 0.85
TIP316N S§31651 ,-~16€r-12Ni-2Mo-N 8 (10) 80 35 0.85
TIP316N S$31651~~16Cr-12Ni-2Mo-N 8 (9) (10) 80 35 0.85
A249 TP317 S31700  18Cr-13Ni-3Mo 8 (1) (10) 75 30 0.85
TIP317 S31700  18Cr-13Ni-3Mo 8 (1) (9) (10) 75 30 0.85
TIP321 S$32100  18Cr-10Ni-Ti 8 (10) 75 30 0.85
TP321 S$32100  18Cr-10Ni-Ti 8 (9) (10) 75 30 0.85
TP321H §32109  18Cr-10Ni-Ti 8 . 75 30 0.85
TP324H §32109  18Cr-10Ni-Ti 8 (9) 75 30 0.85
A249 TP347 S34700  18Cr-10Ni-Cb 8 (10) 75 30 0.85
TP347 S34700  18Cr-10Ni-Cb 8 (9)(10) 75 30 0.85
TP347H S34709  18Cr-10Ni-Cb 8 . 75 30 0.85
TP347H S34709  18Cr-10Ni-Cb 8 (9) 75 30 0.85
A249 TP348 S34800  18Cr-10Ni-Cb 8 (10) 75 30 0.85
TP348 S$34800  18Cr-10Ni-Cb 8 (9)(10) 75 30 0.85
TP348H S$34809  18Cr-10Ni-Cb . 75 30 0.85
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Centrifugally Cast Pipe: Austenitic (Cont’d)
158 144 134 13.1 13.1 13.1 13.0 129 128 125 122 118 113 96 83 72 62 51 CPK20
Welded Pipe and Tube — Without Filler Metal: Austenitic
17.0( 14.2 12.7 11.7 11.0 104 10.2 100 98 96 94 92 90 88 86 83 66 52 TP304 A249
17.0] 17.0 16.1 155 14.8 14.1 13.8 13.5 13.2 129 126 124 121 119 105 83 6.6 52 TP304
17.0] 14.2 12.7 11.7 11.0 104 10.2 100 98 9.6 94 92 90 88 86 83 66 52 TP304H
17.0] 17.0 16.1 155 14.8 14.1 13.8 13.5 13.2 129 126 124 121 119 105 83 6.6 52 (yIP304H
14.2( 121 109 99 93 88 86 85 83 82 TP304L A249
14.2] 14.2 142 134 125 119 11.7 114 113 111 .. .. . .. TP304L
19.4] 16.2 142 128 119 113 11.0 10.8 10.6 10.5 10.3 100 98 9.6 94 83\ ~6.6 52 TP304N
19.4] 194 185 173 16.0 15.2 149 14.6 144 141 138 13.6 133 13.0 105 &3 6.6 52 TP304N
21.2| 21.0 18.7 169 15.7 15.0 14.8 14.6 14.5 14.3 14.1 139 138 12.7 /%9 7.7 59 44 A249
21.2| 21.0 19.8 19.0 185 18.2 18.0 179 17.7 17.5 173 17.0 16.2 127\ "99 7.7 59 44
17.01 17.0 17.0 17.0 16.5 159 15.7 155 15.3 15.1 14.8 14.6 1440117 88 65 47 34 TP309H A249
17.0] 149 13.7 128 12.2 11.8 11.6 11.5 11.3 11.2 11.0 10.8,16:6 104 88 6.5 47 34 TP309H
17.0( 14.7 13.2 121 11.3 10.7 10.5 10.3 10.1 10.0 99498 97 96 95 94 83 63 TP31l6 A249
17.0] 17.0 17.0 16.4 15.3 14.5 14.1 139 13.7 13.5%34 13.2 13.1 13.0 129 105 83 63 TP316
17.0] 14.7 13.2 12.1 11.3 10.7 105 103 10.1 100~ 99 98 97 96 95 94 83 63 TP316H
17.01 17.0 17.0 16.4 153 14.5 14.1 139 137\13.5 134 132 13.1 13.0 129 105 83 63 TP316H
14.2( 12.1 108 99 93 88 87 %w5+83 81 80 78 77 75 73 72 71 54 TP316L A249
14.2] 14.2 142 134 125 119 11.7\11.4 11.2 11.0 10.8 10.5 103 101 99 9.7 75 54 TP316L
19.4] 17.6 16.1 15.0 14.0 13.3-129"12.6 12.3 12.1 119 11.6 114 112 11.0 105 83 63 TP316N
19.4] 194 18.7 182 181 179-17.4 17.0 16.7 163 16.0 157 154 151 134 105 83 63 TP316N
17.0( 14.7 13.2 12.1,.1%3 10.7 10.5 103 10.1 100 99 98 97 96 95 94 83 63 TP317 A249
17.0] 17.0 17.0 1647153 14.5 14.1 139 13.7 13.5 134 132 13.1 13.0 129 105 83 63 TP317
17.0] 15.3 1431370 12.2 11.5 11.2 11.0 10.8 10.7 10.5 104 103 102 82 59 43 31 TP321
17.0] 17.0 462159 159 15.5 15.2 149 14.6 144 142 141 139 138 82 59 43 31 TP321
17.0] 153141 13.0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 104 103 102 101 77 59 4.6 TP321H
17.0( T#0 16.2 159 159 155 152 149 14.6 144 142 141 139 138 105 77 59 46 TP321H
17.0 15.6 14.6 13.6 128 12.2 119 11.8 11.6 11.5 115 114 114 114 103 78 52 38 TP347 A249
17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 143 143 142 141 136 103 78 52 3.8 TP347
17.0 15.6 14.6 13.6 12.8 12.2 119 11.8 11.6 11.5 11.5 114 114 114 114 113 89 6.7 TP347H
17.0 17.0 16.0 15.1 14.6 14.3 143 14.3 143 143 143 14.2 141 140 137 120 89 6.7 TP347H
17.0 15.6 14.6 13.6 12.8 12.2 119 11.8 11.6 11.5 11.5 114 114 114 103 78 52 38 TP348 A249
17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 143 143 142 141 136 103 78 52 3.8 TP348
17.0 15.6 14.6 13.6 12.8 12.2 119 118 11.6 11.5 115 114 114 114 114 113 89 6.7 TP348H
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Table A-3
Stainless Steels (Cont’d)

Specified Specified
UNS Minimum Minimum E

Spec. Type or Alloy Nominal P- Tensile, Yield, or

No. Grade Class No. Composition No. Notes ksi ksi F

Welded Pipe and Tube — Without Filler Metal: Austenitic

TP348H S34809  18Cr-10Ni-Cb 8 (9) 75 30 0.85

A249 S31254  20Cr-18Ni-6Mo (1) 94 44 0.85

S31254  20Cr-18Ni-6Mo (1) © 94 44 0.85

A312 . N08904 44Fe-25Ni-21Cr-Mo 45 (1) 71 31 0.85

TPP304 S30400  18Cr-8Ni 8 (10) 75 30 0.85

TPP304 S30400  18Cr-8Ni 8 (9)(10) 75 30 0.85

TPP304H S30409  18Cr-8Ni 8 .. 75 30 0.85

TPP304H S30409  18Cr-8Ni 8 (9) 75 30 0.85

A312 TPP304L S30403  18Cr-8Ni 8 .. 70 25 0.85

TPP304L S30403  18Cr-8Ni 8 (9) 70 25 0.85

TPP304N S30451  18Cr-8Ni-N 8 (10) 80 35 0.85

TPP304N S30451  18Cr-8Ni-N 8 (9)(10) 80 35 0.85

A312 S30815  21Cr-11Ni-N 8 (1) 87 45 0.85

S30815  21Cr-11Ni-N 8 (™ 87 45 0.85

A312 TPP309H S30909  23Cr-12Ni 8>(9) 75 30 0.85

TPP309H S30909  23Cr-12Ni 8 . 75 30 0.85

TIP310H S§31009  23Cr-20Ni 8 (9) 75 30 0.85

TIP310H §31009  23Cr-20Ni 8 75 30 0.85

A312 TP316 S31600  16Cr-12Ni-2Mo 8 (10) (29) 75 30 0.85

TPP316 S31600  16Cr-12Ni-2Mo 8 (9) (10) (29) 75 30 0.85

TPP316H S$31609  16Cr-12Ni-2Mo 8 (29) 75 30 0.85

TIP316H S§31609  16Cr-12Ni-2Mo 8 (9)(29) 75 30 0.85

A312 TP316L S$31603 ) 16Cr-12Ni-2Mo 8 (29) 70 25 0.85

TP316L S31603  16Cr-12Ni-2Mo 8 (9)(29) 70 25 0.85

TP316N S31651  16Cr-12Ni-2Mo-N 8 (10) 80 35 0.85

TP316N S§31651  16Cr-12Ni-2Mo-N 8 (9)(10) 80 35 0.85

TP317LMN S§31726  19Cr-15.5Ni-4Mo 8 (1) 80 35 0.85

TP317LMN S§31726  19Cr-15.5Ni-4Mo 8 (1)) 80 35 0.85

A312 TP317 S31700  18Cr-13Ni-3Mo 8 (1) (10) 75 30 0.85

TP317 S31700  18Cr-13Ni-3Mo 8 (1) (9) (10) 75 30 0.85

TP321 §$32100  18Cr-10Ni-Ti 8 (10) 75 30 0.85

TP321 §32100  18Cr-10Ni-Ti 8 (9)(10) 75 30 0.85

TP321H S$32109  18Cr-10Ni-Ti 8 .. 75 30 0.85

TP321H §32109  18Cr-10Ni-Ti 8 (9 75 30 0.85

A312 TP347 S34700  18Cr-10Ni-Cb 8 (10) 75 30 0.85

TP347 S$34700  18Cr-10Ni-Cb 8 (9)(10) 75 30 0.85

TP347H S34709  18Cr-10Ni-Cb 8 .. 75 30 0.85

TP347H S34709  18Cr-10Ni-Cb 8 (9) 75 30 0.85
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Table A-3
Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Welded Pipe and Tube — Without Filler Metal: Austenitic (Cont’d)
17.0 17.0 16.0 15.1 14.6 14.3 143 143 14.3 143 143 142 141 140 137 120 89 6.7 TP348H

22.8] 203 18.2 16.8 158 15.2 15.0 14.8 14.7 .. A249
22.8| 22.8 21.7 20.7 20.0 19.5 19.4 19.3 19.2

17.2( 14.2 129 11.8 108 10.1 99 9.7 .. A312
17.0( 14.2 12.7 11.7 11.0 104 10.2 100 98 96 94 92 90 88 86 83 6.6 52 ~TP304
17.0( 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 129 12.6 124 121 119 105 83 6.6 5:2°)TP304
17.0| 14.2 12.7 11.7 11.0 104 10.2 100 98 96 94 92 9.0 88 86 83 6.6,\¢5:2 TP304H
17.0( 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 129 12.6 124 121 119 10.5 83 6.6~ 52 TP304H

14.2( 121 109 99 93 88 86 85 83 82 .. .. TP304L A312
14.2] 14.2 142 134 125 119 11.7 114 113 111 .. .. TP304L
19.4] 16.2 142 128 119 11.3 11.0 10.8 10.6 10.5 10.3 100 98 9.6 9.4 83 66 52 TP304N
19.4] 194 185 17.3 16.0 15.2 149 14.6 144 141 138 13.6 133 13.0 0.5 83 6.6 52 TP304N

21.2| 21.0 18.7 169 15.7 15.0 14.8 14.6 14.5 143 14.1 139 138 127 99 7.7 59 44 .. A312
21.2| 21.0 19.8 19.0 185 18.2 18.0 179 17.7 17.5 17.3 17.0 162127 99 7.7 59 44

17.0] 17.0 17.0 17.0 16.5 159 15.7 155 15.3 15.1 14.8 14:6* 144 11.7 88 65 47 34 TP309H A312
17.0] 149 13.7 128 12.2 11.8 11.6 11.5 11.3 11.2 11.6.\10.8 10.6 104 88 65 47 34 TP309H
17.0] 17.0 17.0 169 16.4 15.7 15.5 152 15.0 14.8%146 144 142 11.7 88 65 47 34 TP310H
17.0] 15.0 13.7 128 121 11.7 115 11.3 11.1 11:0-10.8 10.7 10.5 103 88 65 47 34 TP310H

17.0] 14.7 13.2 12.1 11.3 10.7 105 103 10:/10.0 99 98 97 96 95 94 83 63 TP316 A312
17.0( 17.0 17.0 16.4 153 14.5 141 139, 13.7 13,5 134 13.2 13.1 13.0 129 105 83 63 TP316
17.0] 14.7 13.2 12.1 11.3 10.7 10.5( 103 10.1 10.0 99 98 97 96 95 94 83 63 TP316H
17.0] 17.0 17.0 16.4 153 14.5 14.1)139 13.7 13.5 134 132 131 13.0 129 105 83 63 TP316H

14.2( 12.1 108 99 93 88 87 85 83 81 80 78 77 75 73 72 71 54 TP316L A312
14.2] 14.2 142 134 125\)¥19 11.7 114 11.2 11.0 108 105 103 101 99 9.7 75 54 TP316L
19.4( 17.6 16.1 15.0014.0 13.3 129 12.6 12.3 121 119 11.6 114 11.2 11.0 105 83 63 TP316N
19.4] 194 18.7 18.218.1 179 174 17.0 16.7 163 16.0 157 154 151 134 105 83 63 TP316N

19.4( 17.0 15:2513.8 13.0 124 .. .. TP317LMN
19.4( 185 177174 172 16.7 .. .. TP317LMN
17.0( 14~ 13.2 121 11.3 10.7 10.5 10.3 10.1 10.0 99 98 9.7 9.6 9.5 94 83 63 TP317 A312

17.0 17.0 17.0 16.4 153 14.5 14.1 139 13.7 135 134 132 131 13.0 129 105 83 63 TP317
17.0 153 14.1 13.0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 104 103 102 82 59 43 31 TP321
17.0 17.0 16.2 159 159 15.5 15.2 149 14.6 144 142 141 139 138 82 59 43 31 TP321
17.0 153 14.1 13.0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 104 103 10.2 10.1 77 59 4.6 TP321H
17.0 17.0 16.2 159 159 15.5 15.2 149 14.6 144 142 141 139 138 105 77 59 46 TP321H

17.0 15.6 14.6 13.6 12.8 12.2 119 11.8 11.6 11.5 11.5 114 114 114 103 78 52 3.8 TP347 A312
17.0 17.0 16.0 15.1 14.6 14.3 143 14.3 14.3 143 143 14.2 141 136 10.3 78 52 38 TP347
17.0 15.6 14.6 13.6 128 12.2 119 11.8 11.6 11.5 11.5 114 114 114 114 113 89 6.7 TP347H
17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 141 14.0 13.7 120 89 6.7 TP347H
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Table A-3

Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Welded Pipe and Tube — Without Filler Metal: Austenitic
A312 TP348 S34800  18Cr-10Ni-Cb 8 (1) (10) 75 30 0.85
348 S34800 18CI—1ONI=CD (1 (97 (107 75 30 085
TPP348H S$34809  18Cr-10Ni-Cb 8 (1) 75 30 0:85
TPP348H S34809  18Cr-10Ni-Cb 8 (1) (9) 75 30 0:85
A312 TPXM-15 S$38100  18Cr-18Ni-2Si 8 (1) 75 30 0.85
TPXM-15 $38100  18Cr-18Ni-2Si 8 (1) (9) 75 30 0.85
S31254  20Cr-18Ni-6Mo 8 (1) 95 45 0.85
S31254  20Cr-18Ni-6Mo 8 MM 95 45 0.85
A409 S30815  21Cr-11Ni-N 8 (1) 87 45 0.85
S30815  21Cr-11Ni-N 8 (1)) 87 45 0.85
Welded Pipe and Tube — Without Filler Metal: Ferritic/Martensitic
A268 TPP405 S40500  12Cr-Al 7 60 30 0.85
TPP410 S41000  13Cr 6 60 30 0.85
TPP429 S$42900  15Cr 6 60 35 0.85
TPP430 S$43000 17Cr 7 S 60 35 0.85
TP446-1 S44600  27Cr 10V (1) 70 40 0.85
TPXM-27 S44627  26Cr-1Mo 101 (1) (2) 65 40 0.85
TPXM-33 S44626  27Cr-1Mo-Ti 101 (2) 68 45 0.85
Welded Pippe and Tube — Without Filler Metal: Ferriti¢/Austenitic
A789 SB1803 S$31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 0.85
SB2101 §$32101  21Cp=5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 94 65 0.85
2p05 §32205  22Cr=5.5Ni-3Mo-N 10H (1) (23) (24) 95 70 0.85
SB2003 $32003 (21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 100 70 0.85
SB2101 §$32101 ) 21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 101 77 0.85
S32550  25.5Cr-5.5Ni-3.5Mo-2Cu 10H (1) (25) (26) 110 80 0.85
SB2750 S32750  25Cr-7Ni-4Mo-N 10H (1) (23) (24) 116 80 0.85
A790 SB1803 $31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 0.85
SB2101 $32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 94 65 0.85
SB2003 §32003  21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 95 65 0.85
2p0% §32205  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 65 0.85
$32101 §32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 101 77 0.85
§32550  25.5Cr-5.5Ni-3.5Mo-2Cu 10H (1) (25) (26) 110 80 0.85
$32750 §32750  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 0.85
Welded Pipe — Filler Metal Added: Austenitic
A358 304 1&3 S30400 18Cr-8Ni 8 (1) (10) (11) 75 30 1.00
304 2 S30400  18Cr-8Ni 8 (1) (10) (11) 75 30 0.90
304 1&3 S30400 18Cr-8Ni 8 (1) (9) (10) (11) 75 30 1.00
304 2 S30400  18Cr-8Ni 8 (1) (9) (10) (11) 75 30 0.90
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Table A-3

Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Welded Pipe and Tube — Without Filler Metal: Austenitic (Cont’d)
17.0 15.6 146 13.6 12.8 12.2 119 118 11.6 11.5 115 114 114 114 103 78 52 3.8 TP348 A312
17.0T70 160 15T 146 143 143 143 143 43 43 1% 2 141 135 103 852 38 1P348
17.0] 15.6 14.6 13.6 12.8 12.2 119 11.8 11.6 11.5 115 114 114 114 114 113 89 6.7 TP348H
17.0] 17.0 16.0 15.1 14.6 14.3 143 14.3 14.3 143 143 142 141 140 137 120 89 6.7 TP348H
17.0] 14.2 12.7 11.7 11.0 104 10.2 100 98 9.6 94 92 9.0 88 TRXM-15 A312
17.01 17.0 16.1 155 14.8 14.1 13.8 13.5 13.2 129 12.6 124 121 119 TPXM-15
23.0] 20.8 18.6 17.2 16.2 15.6 153 15.1 15.0
23.01 23.0 219 209 20.1 19.7 19.6 19.6 19.5
21.2| 21.0 18.7 169 15.7 15.0 14.8 14.6 145 143 141 139 138 127 99 79 ' 59 44 A409
21.2| 21.0 19.8 19.0 185 182 18.0 179 17.7 17.5 173 17.0 16.2 12.7 9.9/, 777 59 4.4
Welded Pipe and Tub€& — Without Filler Metal: Ferritic/Martensitic
14.6] 14.6 143 14.0 13.8 13.5 13.2 129 TP405 A268
14.6]| 14.6 143 14.0 13.8 13.5 13.2 129 TP410
14.6] 14.6 143 14.0 13.8 13.5 13.2 129 TP429
14.6] 14.6 143 14.0 13.8 13.5 13.2 129 TP430
17.0( 17.0 16.4 16.0 15.6 15.2 15.0 14.7 TP446-1
15.8| 15.8 15.5 154 154 154 154 TPXM-27
16.5| 16.5 16.4 16.2 16.0 15.7 15.4 TPXM-33
Welded Pipe and Tube — Without Filler Metal: Ferritic/Austpnitic
2191 219 211 20.3 19.8 19.6 S$31803 A789
22.8| 22.8 21.7 21.0 21.0 21.0 S32101
23.1| 23.1 223 214 209 20.7 [ 2205
24.3| 23.6 22.1 219 219 21.97219 $32003
24.5| 245 234 22.6 226 22.6 $32101
26.7| 26.6 25.1 24.3 240\ ... S32550
28.2| 28.0 26.5 25.6-252 25.0 S32750
219 219 2L1520.3 19.8 19.6 $31803 A790
22.8| 228 21:7721.0 21.0 21.0 .. $32101
23.1| 224+21.0 20.8 20.8 20.8 20.8 $32003
23.1| 2371 223 214 209 20.7 2205
245 245 234 22.6 22.6 22.6 S32101
26.7 26.6 25.1 243 240 .. S32550
282 280 26.5 25.6 25.2 25.0 $32750
Welded Pipe — Filler Metal Added: Austenitic
20.0 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 101 98 77 61 304 A358
180 15.0 135 124 11.6 11.1 108 10.6 103 101 99 9.7 95 93 91 88 70 55 304
20.0 20.0 189 183 17.5 16.6 16.2 15.8 155 15.2 149 14.6 143 140 124 98 77 61 304
16.2 16.2 153 14.8 14.1 134 131 128 12.6 123 12.0 11.8 11.6 113 100 79 63 49 304
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Table A-3

Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E

Spec. Type or Alloy Nominal P- Tensile, Yield, or

No. Grade Class No. Composition No. Notes ksi ksi F
Welded Pipe — Filler Metal Added: Austenitic

A358 304L 1&3 S30403  18Cr-8Ni 8 (1) 70 25 1.00

3p4L 2 S30403  18Cr-8Ni 8 (1) 70 25 0.90

3P4L 1&3 S30403 18Cr-8Ni 8 (1) (9 70 25 1.00

3p4L 2 S30403  18Cr-8Ni 8 (1)) 70 25 0.90

A358 3P4N 1&3 S30451 18Cr-8Ni-N 8 (1) (10) 80 35 1.00

3P4N 2 S30451  18Cr-8Ni-N 8 (1) (10) 80 35 0.90

3P4N 1&3 S30451  18Cr-8Ni-N 8 (1) (9) (10) 80 35 1.00

3P4N 2 S30451  18Cr-8Ni-N 8 (1) (9) (10) 80. 35 0.90

A358 1&3 S30815 21Cr-11Ni-N 8 (1) 87 45 1.00

2 S$30815  21Cr-11Ni-N 8 (1) 87 45 0.90

1&3 S30815 21Cr-11Ni-N 8 (1)) 87 45 1.00

2 S§30815  21Cr-11Ni-N 8 (1)(9) 87 45 0.90

A358 3p9 1&3 S30900 23Cr-12Ni 8 (1) (x0) 75 30 1.00

3p9 2 S30900  23Cr-12Ni 8 (W)\(10) 75 30 0.90

3p9 1&3 S30900 23Cr-12Ni 8-1(1) (9) (10) 75 30 1.00

309 2 S30900  23Cr-12Ni 8~ (1) (9) (10) 75 30 0.90

A358 310 1&3 S31000 25Cr-20Ni 8 (1) (10) (14) 75 30 1.00

310 2 S$31000  25Cr-20Ni 8 (1) (10) (14) 75 30 0.90

310 1&3 S31000 25Cr-20Ni 8 (1) (9) (10) (14) 75 30 1.00

3110 2 S$31000  25Cr-20Ni 8 (1) (9) (10) (14) 75 30 0.90

A358 310 1&3 S31000 25Cr-20Ni 8 (1) (10) (15) 75 30 1.00

3110 2 $31000..\_25Cr-20Ni 8 (1) (10) (15) 75 30 0.90

3110 1&3 S31000-/ 25Cr-20Ni 8 (1) (9) (10) (15) 75 30 1.00

3110 2 S31000  25Cr-20Ni 8 (1) (9) (10) (15) 75 30 0.90

A358 316 1&'37 S31600 16Cr-12Ni-2Mo 8 (1) (10) (11) (29) 75 30 1.00

316 2 S31600  16Cr-12Ni-2Mo 8 (1) (10) (11) (29) 75 30 0.90

316 1&3 S31600 16Cr-12Ni-2Mo 8 (1) (9) (10) (11) (29) 75 30 1.00

3[16 2 S31600  16Cr-12Ni-2Mo 8 (1) (9) (10) (11) (29) 75 30 0.90

A358 316L 1&3 S31603 16Cr-12Ni-2Mo 8 (1) (29 70 25 1.00

316L 2 S31603  16Cr-12Ni-2Mo 8 (1) (29 70 25 0.90

316L 1&3 S31603 16Cr-12Ni-2Mo 8 (1) (9) (29 70 25 1.00

316L 2 S31603  16Cr-12Ni-2Mo 8 (1) (9) (29 70 25 0.90

A358 316N 1&3 S31651  16Cr-12Ni-2Mo-N 8 (1) (10) 80 35 1.00

316N 2 S31651  16Cr-12Ni-2Mo-N 8 (1) (10) 80 35 0.90

316N 1&3 S31651  16Cr-12Ni-2Mo-N 8 (1) (9) (10) 80 35 1.00

316N 2 S31651  16Cr-12Ni-2Mo-N 8 (1) (9) (10) 80 35 0.90
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Table A-3
Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Welded Pipe — Filler Metal Added: Austenitic (Cont’d)

16.7 143 128 11.7 109 104 10.2 10.0 9.8 9.7 .. .. 304L A358
15.0] 128 115 105 98 93 9.1 90 88 8.7 .. .. 304L
16.7( 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 .. .. 304L
15.0( 15.0 15.0 14.2 13.3 12.6 12.3 12.1 119 117 .. .. 304L
2291 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12,5 123 12.1 11.8 11.6 113 11.0 98 77 6.1 ()304N A358

20.6| 17.2 15.0 13.5 12.6 119 11.7 11.5 11.3 11.1 109 10.6 10.4 10.2 9.9 88 7.0 55 )304N
229| 229 21.7 203 189 179 175 17.2 169 16.6 163 16.0 156 152 124 9.8 7461 304N
20.6] 20.6 19.6 183 17.0 16.1 15.8 15.5 15.2 149 14.7 144 140 13.7 11.2 88 70> 55 304N

249| 247 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 162 149 116 90. 69 52 .. A358
22.4| 222 21.0 20.2 19.6 19.3 19.1 189 187 185 183 18.0 17.2 134 104, 81 6.2 4.7
249| 24.7 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 162 149 416 90 69 52
22.4| 222 21.0 20.2 19.6 19.3 19.1 189 187 185 183 18.0 17.2 134 104 81 6.2 47

20.0] 17.5 16.1 15.1 14.4 139 13.7 13.5 13.3 13.1 129 12.7 1257, 99 71 50 36 25 309 A358
18.0] 15.8 14.5 13.6 13.0 12.5 12.3 12.1 12.0 11.8 11.6 115 ¥I'3 89 64 45 32 23 309
20.0] 20.0 20.0 20.0 19.4 188 18.5 18.2 18.0 17.7 17.5 17:2%159 99 71 50 36 25 309
18.0( 18.0 18.0 18.0 17.5 16.9 16.6 16.4 16.2 159 157155 143 89 64 45 32 23 309

2001 17.6 161 15.1 143 13.7 13.5 13.3 13.1 129 12.7 125 123 99 71 50 36 25 310 A358
18.0] 159 145 13.6 129 124 121 12.0 11.8. 116 115 113 11.1 89 64 45 32 23 310
20.0] 20.0 20.0 199 19.3 185 182 179 1AZ'17.4 172 169 159 99 71 50 36 25 310
18.0] 18.0 18.0 179 174 16.7 164 16% 159 15.7 155 152 143 89 64 45 32 23 310

20.0] 17.6 16.1 15.1 14.3 13.7 13.5/13.3 13.1 129 12.7 125 123 99 71 50 36 25 310 A358
18.0( 159 145 13.6 129 12.4 12.1 12.0 11.8 11.6 11.5 113 111 89 64 45 32 23 310
20.0] 20.0 20.0 19.9 19.3~18:5 18.2 179 17.7 174 17.2 169 159 99 71 50 36 25 310
18.0( 18.0 18.0 179 174.16.7 164 16.1 159 15.7 155 152 143 89 64 45 32 23 310

20.0( 17.3 15.6_143 13.3 12.6 123 12.1 119 11.8 11.6 11.5 114 113 112 111 98 74 316 A358
18.0( 15.5 140,129 12.0 11.3 11.1 109 10.7 10.6 10.5 104 103 102 101 99 88 6.7 316
20.0] 20.0520.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 156 154 153 151 124 98 74 316
18.0( ¢8.0718.0 174 16.2 153 150 14.7 14.5 143 14.1 140 139 138 136 11.2 88 6.7 316

16.7 14.2 12.7 11.7 109 104 10.2 100 98 96 94 92 90 88 86 84 83 64 316L A358
150 128 114 105 98 94 92 90 88 86 84 83 81 79 77 76 75 58 316L
16.7 16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 129 12.7 124 121 119 116 114 88 6.4 316L
15.0 15.0 15.0 14.2 133 12.6 124 121 119 116 114 11.2 109 10.7 104 103 79 58 316L

229 20.7 19.0 17.6 16.5 15.6 152 149 14.5 14.2 139 13.7 134 132 129 123 98 74 316N A358
20.6 186 17.1 158 14.8 14.0 13.7 13.4 13.1 128 12.6 123 121 119 116 111 88 6.7 316N
229 229 22.0 215 21.2 21.0 20.5 20.0 19.6 19.2 18.8 185 181 178 158 123 98 74 316N
20.6 20.6 19.8 19.3 19.1 189 185 18.0 17.7 173 169 16.6 163 16.0 142 111 88 6.7 316N
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Table A-3

Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F

Welded Pipe — Filler Metal Added: Austenitic

A358 321 1&3 S32100  18Cr-10Ni-Ti 8 (1) (10) (11) 75 30 1.00

3p1 2 $32100  18Cr-10Ni-Ti 8 (1) (10) (11) 75 30 0.90

3p1 1&3 S32100 18Cr-10Ni-Ti 8 (1) (9 (10) (11) 75 30 1.00

3p1 2 S$32100  18Cr-10Ni-Ti 8 (1) (9) (10) (11) 75 30 0.90

A358 337 1&3 S34700 18Cr-10Ni-Cb 8 (1) (10) (11) 75 30 1.00

337 2 S34700  18Cr-10Ni-Cb 8 (1) (10) (11) 75 30 0.90

347 1&3 S34700 18Cr-10Ni-Cb 8 (1) (9 (10) (11) 75 30 1.00

3p7 2 S34700  18Cr-10Ni-Cb 8 (1) (9) (10) (11) 75 30 0.90

A358 3¢8 1&3 S34800 18Cr-10Ni-Cb 8 (1) (10) (11) 75 30 1.00

3¢8 2 S34800  18Cr-10Ni-Cb 8 (1) (10) (11) 75 30 0.90

308 1&3 S34800 18Cr-10Ni-Cb 8 (1) (9) (10) (BB 75 30 1.00

348 2 §34800  18Cr-10Ni-Cb 8 (1) (9) (10). (1) 75 30 0.90

A358 1&3 S31254  20Cr-18Ni-6Mo 8 (1) 95 45 1.00

2 S31254  20Cr-18Ni-6Mo 8 (1) 95 45 0.90

1&3 S31254 20Cr-18Ni-6Mo 8-1(1) (9) 95 45 1.00

2 S§31254  20Cr-18Ni-6Mo 8~ (1) (9) 95 45 0.90

A358 1&3 S31254  20Cr-18Ni-6Mo 8 (1) 100 45 1.00

2 S$31254  20Cr-18Ni-6Mdg 8 (1) 100 45 0.90

1&3 S31254 20Cr-18Ni-6Mo 8 (1)) 100 45 1.00

2 S31254  20Cr-18Ni-6Mo 8 (1)) 100 45 0.90

A409 TP304 S30400  18Cr=8Ni 8 (1) (10) (19) 75 30 1.00

TP304 S30400 (18Cr-8Ni 8 (1) (10) (20) 75 30 0.90

TP304 S30400 ) 18Cr-8Ni 8 (1) (10) (21) 75 30 0.80

TP304 S30400  18Cr-8Ni 8 (1) (9) (10) (19) 75 30 1.00

TP304 S30400  18Cr-8Ni 8 (1) (9) (10) (20) 75 30 0.90

TP304 S30400  18Cr-8Ni 8 (1) (9) (10) (21) 75 30 0.80

A409 TIP304L S30403  18Cr-8Ni 8 (1) (19) 70 25 1.00

TP304L S30403  18Cr-8Ni 8 (1) (20) 70 25 0.90

TIP304L S30403  18Cr-8Ni 8 (1) (21) 70 25 0.80

TP304L S30403  18Cr-8Ni 8 (1)) (19 70 25 1.00

TP304L S30403  18Cr-8Ni 8 (1) (9) (20) 70 25 0.90

TP304L S30403  18Cr-8Ni 8 (1) (9 (21) 70 25 0.80

A409 S30815  21Cr-11Ni-N 8 (1) (19) 87 45 1.00

S30815  21Cr-11Ni-N 8 (1) (20) 87 45 0.90

S30815  21Cr-11Ni-N 8 (1) (21) 87 45 0.80

S30815  21Cr-11Ni-N 8 (1) (9 (19) 87 45 1.00

S30815  21Cr-11Ni-N 8 (1) (9) (20) 87 45 0.90

S30815  21Cr-11Ni-N 8 (1) (9 (21) 87 45 0.80
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Table A-3
Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Welded Pipe — Filler Metal Added: Austenitic (Cont’d)

20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 120 96 69 50 3.6 321 A358
18.0| 16.2 149 138 129 12.2 119 11.7 11.5 11.3 11.2 11.0 109 108 86 62 45 32 321
20.01 20.0 19.1 18.7 18.7 183 179 17.5 17.2 169 16.7 16.5 164 162 96 69 50 3.6 321
18.0( 18.0 17.2 16.8 16.8 16.5 16.1 158 15.5 153 15.1 149 14.7 146 86 62 45 32 321

20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1 4417347 A358
18.0] 16.6 154 14.4 13.5 129 12.6 124 123 12.2 12.1 121 121 121 109 82 55 ,4.0.,/ 347
20.0] 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1N\\4.4 347
18.0( 18.0 169 16.0 154 15.2 15.1 15.1 15.1 15.1 15.1 15.0 149 144 109 82 (55 40 347

20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9:1 6.1 44 348 A358
18.0] 16.6 154 14.4 13.5 129 12.6 124 123 12.2 121 121 121 121 109y 82 55 4.0 348
20.0] 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 121 9.1 6.1 44 348
18.0( 18.0 169 16.0 154 15.2 151 15.1 15.1 15.1 15.1 15.0 149 144 109 82 55 40 348

27.1| 245 219 20.2 19.1 183 18.0 17.8 17.7 .. A358
2441 22.1 19.7 182 17.2 16,5 16.2 16.0 159
271 27.1 25.8 24.6 23.7 23.2 23.1 23.0 229
24.4| 244 232 221 21.3 209 20.8 20.7 20.6

28.6| 24.5 219 20.2 19.1 183 18.0 17.8 17.7 .. A358
25.71 22.1 19.7 18.2 17.2 16.5 16.2 16.0 15.9
28.6| 28.6 27.2 259 25.0 244 243 241 239
25.7| 25.7 24.5 23.3 22.5 22.0 219 214 215

20.0] 16.7 15.0 13.8 129 12.3 12.0,11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 77 61 TP304 A409
18.0( 15.0 13.5 124 11.6 11.1 108 10.6 103 10.1 99 97 95 93 91 88 70 55 TP304
16.0] 13.3 12.0 11.0 104 98 96 94 92 90 88 86 85 83 81 78 62 49 TP304
20.01 20.0 189 18.3 175\16.6 16.2 15.8 155 152 149 14.6 143 14.0 124 98 77 61 TP304
18.0( 18.0 17.0 16.5715.7 149 14.6 14.3 139 13.7 134 13.1 128 126 112 88 70 55 TP304
16.0( 16.0 15.1 14.6,14.0 13.3 13.0 12.7 124 12.1 119 11.7 114 11.2 9.9 78 62 49 TP304

16.7( 143 128711.7 109 104 10.2 10.0 9.8 9.7 .. .. TP304L A409
15.0] 1238.M1.5 105 98 93 91 90 88 87 .. .. TP304L
13.3( 114 102 94 87 83 81 80 79 77 .. .. TP304L
16.7 16.7 16.7 158 14.7 14.0 13.7 13.5 13.3 13.0 ... .. TP304L
15.0 15.0 15.0 14.2 13.3 12.6 123 12.1 119 11.7 .. .. TP304L
13.3 133 133 12.6 11.8 11.2 11.0 10.8 10.6 10.4 .. .. TP304L
249 247 220 199 185 17.7 174 17.2 17.0 16.8 16.6 164 162 149 11.6 9.0 69 52 .. A409

224 222 198 179 16.7 159 15.7 155 15.3 15.1 149 148 146 134 104 81 62 47
199 198 17.6 159 14.8 14.2 139 13.8 13.6 134 133 13.1 13.0 11.9 93 72 55 42
249 247 233 224 218 214 21.2 21.0 20.8 20.6 20.3 20.0 19.1 149 116 90 69 52
224 222 21.0 202 19.6 19.3 19.1 189 18.7 185 18.3 180 172 134 104 81 6.2 47
199 198 186 179 174 17.1 17.0 16.8 16.6 16.5 16.2 16.0 153 11.9 9.3 72 55 42
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Table A-3
Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Welded Pipe — Filler Metal Added: Austenitic
A409 TP316 S$31600  16Cr-12Ni-2Mo 8 (1) (10) (19) (29) 75 30 1.00
[P316 S31T600 T6Cr—12NI=2Mo 8 (1 (107 (207 (29) 75 30 0790
TP316 S31600  16Cr-12Ni-2Mo 8 (1) (10) (21) (29) 75 30 080
TP316 S31600  16Cr-12Ni-2Mo 8 (1) (9) (10) (19) (29) 75 30 1,00
TP316 S31600  16Cr-12Ni-2Mo 8 (1) (9) (10) (20) (29) 75 30 0.90
TP316 S31600  16Cr-12Ni-2Mo 8 (1) (9) (10) (21) (29) 75 B0 0.80
A409 TIP316L S§31603  16Cr-12Ni-2Mo 8 (1) (19) (29) 70 25 1.00
TPP316L S31603  16Cr-12Ni-2Mo 8 (1) (20) (29) 70 25 0.90
TPP316L S31603  16Cr-12Ni-2Mo 8 (1) (21) (29) 70 25 0.80
TPP316L S31603  16Cr-12Ni-2Mo 8 (1) (9) (19) (29) 70 25 1.00
TPP316L S31603  16Cr-12Ni-2Mo 8 (1) (9) (20) (29) 70 25 0.90
TIP316L S31603  16Cr-12Ni-2Mo 8 (1) (9) (21) (29) 70 25 0.80
Welded Pippe — Filler Metal Added: Ferritic/Austenitic
A928 SB1803 1&3 S31803 22Cr-5.5Ni-3Mo-N 10H (1) (23%(24) 90 65 1.00
SB1803 2 $31803  22Cr-5.5Ni-3Mo-N 10H (1)(23) (24) 90 65 0.90
2p05 1&3 S32205 22Cr-5.5Ni-3Mo-N 10H (1-(23) (24) 95 65 1.00
2p05 2 §32205  22Cr-5.5Ni-3Mo-N 10H(1) (23) (24) 95 65 0.90
Plate, Sheet, and Strip: Austenitic
A240 N08904  44Fe-25Ni-21Cr-Moé 45 (1) 71 31 1.00
2P1LN S§20153  16Cr-4Ni-6Mn 8 (1) 95 45 1.00
2P1LN S§20153  16Cr-4Ni-6Mn 8 (MM 95 45 1.00
A240 3p4 S30400  18Cr-8Ni 8 (10) (11) 75 30 1.00
3p4 S30400  18Cr-8Ni 8 (9)(10) (11) 75 30 1.00
3p4L S30403_{_18Cr-8Ni 8 . 70 25 1.00
3p4L S30408./ 18Cr-8Ni 8 (9) 70 25 1.00
3p4N S30451  18Cr-8Ni-N 8 (1) (10) 80 35 1.00
3D4N $30451  18Cr-8Ni-N 8 (1) (9) (10) 80 35 1.00
A240 S30815  21Cr-11Ni-N 8 (1) 87 45 1.00
S§30815  21Cr-11Ni-N 8 (1) (9) 87 45 1.00
A240 3p9H S30909  23Cr-12Ni 8 (9)(11) (18) 75 30 1.00
309H S$30909  23Cr-12Ni 8 (11) (18) 75 30 1.00
309S S30908  23Cr-12Ni 8 (1) (10) 75 30 1.00
309S S30908  23Cr-12Ni 8 (1) (9 (10) 75 30 1.00
A240 310H S$31009  25Cr-20Ni 8 (9 75 30 1.00
310H S§31009  25Cr-20Ni 8 .. 75 30 1.00
310S S$31008  25Cr-20Ni 8 (10) (11) (14) 75 30 1.00
310S S$31008  25Cr-20Ni 8 (9)(10) (11) (14) 75 30 1.00
3108 S$31008  25Cr-20Ni 8 (10) (11) (15) 75 30 1.00
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Welded Pipe — Filler Metal Added: Austenitic (Cont’d)
20.0 17.3 15.6 14.3 133 12.6 123 12.1 119 118 11.6 115 114 113 112 111 98 74 TP316 A409
18.0 155140 129 120 I3 1T 109 107 106 105 104 103 102 10T 99 88 6./ 1P316
16.01 13.8 12,5 114 106 101 99 97 95 94 93 92 91 91 9.0 8.8 78 59 TP316
20.01 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 TP316
18.0] 18.0 18.0 17.4 16.2 153 15.0 14.7 14.5 143 14.1 14.0 139 138 136 11.2 88 6.7 TP3l6
16.0] 16.0 16.0 154 14.4 13.6 13.3 13.1 129 12.7 126 125 123 122 121 99 78 59 TR316
16.7| 14.2 12.7 11.7 109 104 10.2 100 98 96 94 92 9.0 88 8.6 8.4 8.3 , 6.4/ TP316L A409
15.01 128 114 105 98 94 92 90 88 86 84 83 81 79 7.7 7.6 7.50.\5.8 TP316L
13.3] 114 102 93 87 83 81 80 78 77 75 74 72 70 69 67 (6666 51 TP316L
16.7] 16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 129 12.7 124 121 119 116 114\ 88 64 TP316L
15.0] 15.0 15.0 14.2 13.3 12.6 124 12.1 119 11.6 114 11.2 109 10.7 104 103 79 58 TP316L
13.3( 133 133 12,6 11.8 11.2 11.0 10.8 10.6 10.3 10.1 99 9.7 9.5 9.3 9.1 7.0 51 TP316L
Welded Pipe — Filler Metal Added: Ferritic/Austenitic
25.7| 25.7 24.8 239 233 23.1 S$31803 A928
23.1| 23.1 223 215 21.0 208 S$31803
271 27.1 26.2 25.2 24.6 24.3 2205
2441 244 23.6 22.7 22.1 219 2205
Plate, Sheet, and Strip: Austpnitic
20.3| 16.7 15.1 13.8 12.7 119 116 114 .. .» A240
271 23.7 21.2 20.1 19.7 19.2 18.6 18.0 17.41677 201LN
27.1| 23.7 21.2 20.1 20.0 19.6 19.6 19.4 19:2/18.8 201LN
2001 16.7 15.0 13.8 129 123 12.0(11.7 11.5 11.2 11.0 10.8 10.6 104 101 98 77 61 304 A240
20.0| 20.0 189 18.3 17.5 16.6 16.2)15.8 15.5 15.2 149 14.6 143 14.0 124 9.8 7.7 61 304
16.7] 14.3 12.8 11.7 109 10.4 102 10.0 9.8 9.7 304L
16.7] 16.7 16.7 158 14.7-14.0 13.7 135 133 13.0 .. .. .. .. 304L
2291 19.1 16.7 15.1 140.M3.3 13.0 12.8 125 123 121 118 11.6 113 11.0 98 77 61 304N
229 229 21.7 20.3.489 179 175 17.2 169 16.6 163 16.0 15.6 152 124 9.8 7.7 61 304N
249 24.7 22:0\199 185 17.7 174 17.2 17.0 168 16.6 164 162 149 116 9.0 69 52 A240
249| 247,233 224 218 214 212 21.0 20.8 20.6 20.3 20.0 19.1 149 116 9.0 69 52
20.0]_20.0 20.0 20.0 19.4 188 18.5 18.2 18.0 17.7 175 17.2 169 138 103 76 55 4.0 309H 4240
20.0 17.5 16.1 15.1 14.4 139 13.7 13.5 13.3 13.1 129 12.7 125 123 103 7.6 55 4.0 309H
20.0 175 161 15.1 144 139 13.7 13.5 133 13.1 129 12.7 125 99 71 50 36 2.5 309S
20.0 20.0 20.0 20.0 19.4 188 185 18.2 18.0 17.7 175 17.2 159 99 71 50 36 2.5 309S
20.0 20.0 20.0 19.9 19.3 185 18.2 179 17.7 174 172 169 16.7 138 103 7.6 55 4.0 310H A240
20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 125 123 121 103 76 55 4.0 310H
200 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 125 123 99 71 50 36 25 310S
20.0 20.0 20.0 199 19.3 185 18.2 179 17.7 174 17.2 169 159 99 71 50 36 25 310S
200 17.6 16.1 151 14.3 13.7 135 13.3 13.1 129 12.7 125 123 99 7.1 5.0 36 25 310S
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Table A-3

Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade No. Composition No. Notes ksi ksi F
Plate, Sheet, and Strip: Austenitic
310S S$31008  25Cr-20Ni 8 (9) (10) (11) (15) 75 30 1.00
A240 3116 S31600  16Cr-12Ni-2Mo 8 (10) (11) (29) 75 30 1.00
3116 S31600  16Cr-12Ni-2Mo 8 (9) (10) (11) (29) 75 30 1.00
3[L6L S31603  16Cr-12Ni-2Mo 8 (29 70 25 1:00
3[L6L S31603  16Cr-12Ni-2Mo 8 (9)(29) 70 25 1.00
3|116N S31651  16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00
3[L6N S31651  16Cr-12Ni-2Mo-N 8 (9)(10) 80 35 1.00
A240 3117 S31700  18Cr-13Ni-3Mo 8 (1) (10) (11) 75 30 1.00
3117 S§31700  18Cr-13Ni-3Mo 8 (1) (9) (10) (11) 75 30 1.00
3[L7L S31703  18Cr-13Ni-3Mo 8 (1 75 30 1.00
3[L7L S31703  18Cr-13Ni-3Mo 8 ()M 75 30 1.00
3p1 S$32100  18Cr-10Ni-Ti 8 (10) (11) 75 30 1.00
3p1 §32100  18Cr-10Ni-Ti 8 (9)(10) (11) 75 30 1.00
A240 347 S34700  18Cr-10Ni-Cb 8 (10) (17) 75 30 1.00
347 S34700  18Cr-10Ni-Cb 8 (9(10) (11) 75 30 1.00
318 S$34800  18Cr-10Ni-Cb 8 (D(10) (11) 75 30 1.00
318 S$34800  18Cr-10Ni-Cb 8-(1) (9) (10) (11) 75 30 1.00
A240 XM-15 S$38100  18Cr-8Ni-2Si 8 (1) 75 30 1.00
XM-15 S38100  18Cr-8Ni-2Si 8 (1M 75 30 1.00
3[17LMN S31726  19Cr-15.5Ni-4Mo 8 (1) 80 35 1.00
3E7LMN S31726  19Cr-15.5Ni+4Mo 8 (1)) 80 35 1.00
A240 S31254  20Cr=18Ni-6Mo 8 (1) 95 45 1.00
S31254  20€r<1¥8Ni-6Mo 8 (1)) 95 45 1.00
S31254 ,~2(0Cr-18Ni-6Mo 8 (1) 100 45 1.00
S$31254 ™, ~20Cr-18Ni-6Mo 8 (1)) 100 45 1.00
S§32550  25.5Cr-5.5Ni-3.5Mo-2Cu 10H (1) (25) (26) 110 80 1.00
Plate, Sheet, and Strip: Ferritic/Martensitic
A240 405 S40500  12Cr-1Al 7 (3) 60 25 1.00
4110 S41000 13Cr 6 (1) 65 30 1.00
4110S S41008  13Cr 7 (1) 60 30 1.00
4p9 S42900  15Cr 6 (13 65 30 1.00
A240 430 S43000 17Cr 7 (1) @A3) 65 30 1.00
XM-27 S44627  26Cr-1Mo 101 (1) (3) 65 40 1.00
XM-33 S44626  27Cr-1Mo-Ti 101 (2) 68 45 1.00
Plate, Sheet, and Strip: Ferritic/Austenitic
A240 $31803 S$31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 1.00
S32101 $32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 94 65 1.00
S32003 $32003  21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 95 65 1.00
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Plate, Sheet, and Strip: Austenitic (Cont’d)
20.0 20.0 20.0 199 19.3 185 182 179 17.7 17.4 17.2 169 159 99 7.1 50 36 25 310S
20.0] 17.3 15.6 14.3 13.3 12.6 12.3 12.1 119 118 11.6 115 114 113 112 111 98 74 316 A240
20.0] 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 156 154 153 151 124 98 74 316
16.7( 14.2 12.7 11.7 109 104 10.2 100 98 96 94 92 90 88 86 84 83 64 316L
16.7( 16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 129 12.7 124 121 119 116 114 88 64 316L
229| 20.7 19.0 17.6 16.5 15.6 15.2 149 14.5 14.2 139 13.7 134 132 129 123 98 74 ,.316N
22.9| 229 22.0 215 21.2 21.0 20.5 20.0 19.6 19.2 188 185 18.1 178 158 123 98 74~316N
20.0] 17.3 15.6 14.3 133 12.6 123 12.1 119 118 11.6 115 114 113 112 111 98\\74 317 A240
20.0] 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124_“~98 74 317
20.0] 17.0 15.2 14.0 13.1 12.5 12.2 12.0 11.7 11.5 11.3 317L
20.0] 20.0 19.6 189 17.7 169 16.5 16.2 15.8 155 152 .. .. 317L
20.0] 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 12.0 96\ 69 50 36 321
20.0] 20.0 19.1 187 18.7 183 179 17.5 172 169 16.7 16,5 164 162 96 69 50 36 321
20.0|] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 434 121 9.1 6.1 44 347 A240
20.0] 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6:116.0 12.1 9.1 6.1 44 347
20.0|] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 134 121 9.1 6.1 44 348
20.0] 20.0 188 17.8 17.2 169 16.8 16.8 16.8 168 16.8 16A 16.6 160 12.1 9.1 6.1 44 348
20.0] 16.7 15.0 13.8 129 12.3 12.0 11.7 11.5 11.2 140 10.8 10.6 10.4 XM-15 A240
20.0] 20.0 189 183 17.5 16.6 16.2 15.8 15.5 152 149 14.6 143 14.0 XM-15
229| 20.0 179 16.3 153 14.6 317LMN
229| 21.8 209 20.5 20.3 19.7 317LMN
27.1] 245 219 20.2 19.1 18.3 18.0 _1%8°17.7 A240
27.1] 27.1 25.8 24.6 23.7 23.2 231\23.0 229
28.6| 24.5 219 20.2 19.1 18.3~18.0° 17.8 17.7
28.6| 28.6 27.2 259 25.0 244243 24.1 239
31.4( 31.3 29.5 28.6 282

Plate, Sheet, and Strip: Ferritic/Martensitic
16.7( 153 14.8.145 14.3 14.0 13.8 135 .. .. 405 A240
18.6| 184 4%8,17.4 17.2 168 16.6 16.2 157 15.1 144 123 88 64 44 29 1.8 1.0 410
171 174N16.8 16.5 16.3 159 15.6 152 14.7 14.1 134 123 88 64 44 29 18 1.0 410S
18.6| 184 17.8 174 17.2 16.8 16.6 16.2 15.7 15.1 14.4 120 92 65 45 32 24 18 429
186 184 17.8 174 17.2 168 16.6 16.2 15.7 151 144 120 92 65 45 32 24 18 430 A240
18.6 18.6 183 18.1 181 18.1 18.1 XM-27
194 194 193 19.0 18.8 18.4 18.1 XM-33

Plate, Sheet, and Strip: Ferritic/Austenitic
25.7 257 248 239 233 231 $31803 A240
269 269 256 24.7 24.7 24.7 .. S32101
271 263 24.8 24.5 24.5 245 245 $32003
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Table A-3

Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E

Spec. Type or Alloy Nominal P- Tensile, Yield, or

No. Grade No. Composition No. Notes ksi ksi F
Plate, Sheet, and Strip: Ferritic/Martensitic

2205 §32205  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 65 1.00

$32003 §32003  21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 100 70 1.00

SB2101 S§32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 101 77 1.00

SB2750 S§32750  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 1.00

Forgings: Austenitic

A182 FPO4L N08904  44Fe-25Ni-21Cr-Mo 45 (1) 71 31 1.00

Fp4 S31254  20Cr-18Ni-6Mo 8 (1) 94 44 1.00

Fp4 S31254  20Cr-18Ni-6Mo 8 (1)) 94, 44 1.00

A182 FB04 S30400  18Cr-8Ni 8 (10) (12) 70 30 1.00

FB04 S30400  18Cr-8Ni 8 (9) (10) (12) 70 30 1.00

FB04 S30400  18Cr-8Ni 8 (10) 75 30 1.00

FB04 S30400  18Cr-8Ni 8 (9)(10) 75 30 1.00

A182 FB04H S30409  18Cr-8Ni 8 (12) 70 30 1.00

FB04H S30409  18Cr-8Ni 8 (9) (12) 70 30 1.00

FB04H S30409  18Cr-8Ni 8 . 75 30 1.00

FB04H S30409  18Cr-8Ni 8 +(9) 75 30 1.00

A182 FBO4L S30403  18Cr-8Ni 8 .. 65 25 1.00

FBO4L S30403  18Cr-8Ni 8 (9) 65 25 1.00

FB04N S30451  18Cr-8Ni-N 8 (10) 80 35 1.00

FB04N S30451  18Cr-8Ni-N 8 (9) (10) 80 35 1.00

A182 S30815  21Cr-11Ni-N 8 (1) 87 45 1.00

S30815  21Cf-1iINi-N 8 (1) 87 45 1.00

A182 FB10 $31000..\_25Cr-20Ni 8 (1) (10) (14) 75 30 1.00

FB10 S$31000-/ 25Cr-20Ni 8 (1) (9 (10) (14) 75 30 1.00

FB10 S31000  25Cr-20Ni 8 (1) (10) (15) 75 30 1.00

FB10 $§31000  25Cr-20Ni 8 (1) (9) (10) (15) 75 30 1.00

A182 FB16 S§31600  16Cr-12Ni-2Mo 8 (10) (12) (29) 70 30 1.00

FB16 S$31600  16Cr-12Ni-2Mo 8 (9) (10) (12) (29) 70 30 1.00

FB16 S$31600  16Cr-12Ni-2Mo 8 (10) (29) 75 30 1.00

FB16 S$31600  16Cr-12Ni-2Mo 8 (9) (10) (29) 75 30 1.00

A182 F316H S§31609  16Cr-12Ni-2Mo 8 (12) (29) 70 30 1.00

F316H S31609  16Cr-12Ni-2Mo 8 (9)(12) (29) 70 30 1.00

F316H S31609  16Cr-12Ni-2Mo 8 (29) 75 30 1.00

F316H S31609  16Cr-12Ni-2Mo 8 (9)(29) 75 30 1.00

A182 F316L S$31603  16Cr-12Ni-2Mo 8 (27) (29) 70 25 1.00

F316L S$31603  16Cr-12Ni-2Mo 8 (9) (27) (29) 70 25 1.00

F316N S31651  16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00

F316N S31651  16Cr-12Ni-2Mo-N 8 (9)(10) 80 35 1.00
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Plate, Sheet, and Strip: Ferritic/Martensitic (Cont’d)
27.1 27.1 26.2 252 24.6 243 .. 2205
28.6 27.7 26.1 25.8 25.8 25.8 25.8 $32003
289 289 27.5 26.5 26.5 26.5 §32101
33.1] 33.0 31.2 30.1 29.6 29.4 §$32750
Forgings: Austpnitic
20.3| 16.7 15.1 13.8 12.7 119 11.6 114 .. E904L A182
269| 239 214 198 186 179 17.6 174 173 F44
269| 269 255 243 23.5 23.0 22.8 22.7 22.6 F44
20.0] 16.7 15.0 13.8 129 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 10.1 9.8%y.77 6.1 F304 A182
20.0] 20.0 189 183 17.5 16.6 16.2 15.8 15.5 15.2 149 14.6 143 140 124 98 ~ 7.7 6.1 F304
20.0] 16.7 15.0 13.8 129 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 10X, 98 77 6.1 F304
20.0| 20.0 189 183 17.5 16.6 16.2 158 155 152 149 14.6 143 14.0 124 98 77 61 F304
20.0| 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104~"10.1 98 77 6.1 F304H A182
20.01 189 17.7 17.1 169 16.6 16.2 158 155 152 149 14.6 143,140 124 98 77 61 F304H
20.0] 16.7 15.0 13.8 129 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10,6~ 104 101 9.8 77 6.1 F304H
20.0] 20.0 189 183 17.5 16.6 16.2 15.8 15.5 152 149 14.6\143 140 124 98 77 6.1 F304H
16.7( 143 12.8 11.7 109 104 10.2 10.0 9.8 9.7 F304L A182
16.7] 16.7 16.2 15.6 14.7 14.0 13.7 13.5 13.3 13.0 % .. F304L
229] 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12:3~12.1 11.8 11.6 113 11.0 98 77 61 F304N
229| 229 21.7 203 189 179 175 17.2 169 6.6 16.3 16.0 156 152 124 98 77 61 F304N
249| 24.7 22.0 199 185 17.7 174 17.2,17.0 16.8 16.6 16.4 16.2 149 116 9.0 69 5.2 A182
249| 247 233 224 218 214 21.2(21.0 208 20.6 20.3 20.0 19.1 149 116 9.0 69 52
20.0] 17.6 16.1 151 14.3 13.2.13.5 13.3 13.1 129 12.7 125 123 99 7.1 50 36 25 F310 A182
20.0] 20.0 20.0 199 19.3~18.5 182 179 17.7 17.4 17.2 169 159 99 7.1 50 36 25 F310
20.01 17.6 16.1 15.1 143.3.7 13.5 13.3 13.1 129 12.7 125 123 99 71 50 36 25 F310
20.0| 20.0 20.0 19.9.,19:3 185 18.2 179 17.7 174 17.2 169 159 99 71 50 36 25 F310
20.0] 17.3 156\14.3 133 12.6 123 12.1 119 11.8 11.6 11.5 114 113 11.2 111 98 74 F31l6 A182
20.0] 20.0_ 194 19.2 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 F316
20.0] 17.3415.6 14.3 13.3 12.6 123 12.1 119 11.8 11.6 11.5 114 113 11.2 111 98 74 F316
20.0| 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 F316
20.0 17.3 15.6 143 133 12.6 123 12.1 119 118 11.6 11.5 114 113 112 11.1 98 74 F316H A182
20.0 20.0 19.4 19.2 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 F316H
20.0 17.3 15.6 143 13.3 12.6 123 12.1 119 118 11.6 115 114 113 112 11.1 98 74 F316H
20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 F316H
16.7 14.1 12.7 11.7 109 104 10.2 100 98 96 94 92 90 88 86 84 83 64 F316L A182
16.7 16.7 16.7 15.6 14.8 14.0 13.8 13.5 13.2 13.0 12.7 124 121 119 116 114 88 6.4 F316L
229 20.7 19.0 17.6 16.5 15.6 152 149 145 14.2 139 13.7 134 132 129 123 98 74 F316N
229 229 22,0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 188 185 181 178 158 123 98 74 F316N
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Table A-3

Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade No. Composition No. Notes ksi ksi F
Forgings: Austenitic
A182 F321 $32100  18Cr-10Ni-Ti 8 (12) 70 30 1.00
Fp2T S3Z100 I8CI—TONI=Tt 897 (12) 70 30 100
FB21 S$32100  18Cr-10Ni-Ti 8 (10) 75 30 100
FB21 S$32100  18Cr-10Ni-Ti 8 (9)(10) 75 30 1,00
A182 FB21H $32109  18Cr-10Ni-Ti 8 (12) 70 30 1.00
FB21H $32109  18Cr-10Ni-Ti 8 (9)(12) 70 30 1.00
FB21H S§32109  18Cr-10Ni-Ti 8 . 75 30 1.00
FB21H S§32109  18Cr-10Ni-Ti 8 (9) 75 30 1.00
A182 FB47 S34700  18Cr-10Ni-Cb 8 (12) 70 30 1.00
FB47 S34700  18Cr-10Ni-Cb 8 (9)(12) 70 30 1.00
FB47 S34700  18Cr-10Ni-Cb 8 (10) 75 30 1.00
FB47 S34700  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00
A182 FB47H S34709  18Cr-10Ni-Cb 8 (12) 70 30 1.00
FB47H S34709  18Cr-10Ni-Cb 8 (9.12) 70 30 1.00
FB47H S34709  18Cr-10Ni-Cb 8. 75 30 1.00
FB47H S34709  18Cr-10Ni-Cb 8" (9) 75 30 1.00
A182 FB48 S34800  18Cr-10Ni-Cb 8 (12) 70 30 1.00
FB48 S34800  18Cr-10Ni-Ch 8 (9)(12) 70 30 1.00
FB48 S34800  18Cr-10Ni<Cb 8 (10) 75 30 1.00
FB48 S$34800  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00
A182 FB48H S34809  18Cr-10Ni-Cb 8 (12) 70 30 1.00
FB48H $34809-.\._18Cr-10Ni-Cb 8 (9)(12) 70 30 1.00
FB48H S34809~" 18Cr-10Ni-Cb 8 . 75 30 1.00
FB48H S34809  18Cr-10Ni-Cb 8 (9) 75 30 1.00
A965 FB04 S30400  18Cr-8Ni 8 (10) 70 30 1.00
FB04 S30400  18Cr-8NI 8 (9)(10) 70 30 1.00
FB04H S30409  18Cr-8Ni 8 . 70 30 1.00
FB04H S30409  18Cr-8NI 8 (9) 70 30 1.00
A965 F316 S$31600  16Cr-12Ni-2Mo 8 (10) (29) 70 30 1.00
F316 S§31600  16Cr-12Ni-2Mo 8 (9) (10) (29) 70 30 1.00
F316H S31609  16Cr-12Ni-2Mo 8 (29) 70 30 1.00
F316H S31609  16Cr-12Ni-2Mo 8 (9)(29) 70 30 1.00
A965 F321 §32100  18Cr-10Ni-Ti 8 (10) 70 30 1.00
F321 $32100  18Cr-10Ni-Ti 8 (9)(10) 70 30 1.00
F321H §32109  18Cr-10Ni-Ti 8 . 70 30 1.00
F321H §32109  18Cr-10Ni-Ti 8 (9 70 30 1.00
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Table A-3
Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Forgings: Austenitic (Cont’d)

20.0 180 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 120 96 69 50 3.6 F321 A182
200190178175 175 7.5 175 7.5 17.2 169 16.7 165 164 1062 96 0.9 5.0 30 F321
20.01 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 120 96 69 50 3.6 F321
20.0] 20.0 19.1 187 18.7 183 179 17.5 17.2 169 16.7 16,5 164 162 96 69 50 3.6 F321

20.01 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 12.0 119 91 6.9 54 _F321H A182
20.01 19.0 17.8 17.5 17.5 175 17.5 17.5 17.2 169 16.7 16.5 164 162 123 9.1 6.9 5@~ F321H
20.01 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 12.0 119 91 6.9 {54 F321H
20.0] 20.0 19.1 187 18.7 183 179 17.5 17.2 169 16.7 16.5 164 16.2 123 9.1 6:9\" 54 F321H

20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1 44 F347 A182
20.0] 19.1 17.6 16.6 16.0 158 15.7 15.7 15.7 15.7 15.7 15.6 155 153 121 9.1 6.1 44 F347
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1 44 F347
20.0] 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0, 12.1 9.1 6.1 44 F347

20.0| 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 13.4/134 134 133 105 79 F347H A182
20.01 19.1 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 15.7 15.6 165 153 151 141 10.5 7.9 F347H
20.01 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134,134 134 134 133 105 79 F347H
20.0] 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8\16.7 16.6 164 16.2 141 10.5 7.9 F347H

20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13:6~13.5 13.4 134 134 121 9.1 61 44 F348 A182
20.0] 19.1 17.6 16.6 16.0 158 15.7 15.7 157\15.7 15.7 15.6 155 153 121 9.1 61 44 F348
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7713.6 13.5 134 134 134 121 9.1 6.1 44 F348
20.0] 20.0 188 17.8 17.2 169 16.8 1.6.8\16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 61 44 F348

20.01 184 17.1 16.0 15.0 14.3 14.0/13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 F348H A182
20.01 19.1 17.6 16.6 16.0 15.A.15.7 15.7 15.7 15.7 15.7 15.6 155 153 151 141 105 7.9 F348H
20.0] 184 17.1 16.0 15.0~143 14.0 13.8 13.7 13.6 13.5 13.4 134 134 134 133 105 7.9 F348H
20.01 20.0 18.8 17.8 17.1\169 16.8 168 16.8 16.8 16.8 16.7 16.6 164 162 141 105 7.9 F348H

20.0] 16.7 15.0 <18.8 129 12.3 12.0 11.7 11.5 11.2 11.0 108 10.6 104 101 98 77 6.1 F304 A965
20.0| 20.0 189 8.3 17.5 16.6 16.2 158 155 152 149 14.6 143 14.0 124 98 77 61 F304
2001 16.7:15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 101 98 77 61 F304H
200 189/17.7 17.1 169 16.6 16.2 158 155 152 149 14.6 143 14.0 124 98 77 61 F304H

20.0 173 15.6 143 133 12.6 123 12.1 119 118 11.6 11.5 114 113 11.2 111 98 74 F316 A965
20.0 20.0 194 19.2 180 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 F316
20.0 17.3 15.6 143 13.3 12.6 123 12.1 119 118 11.6 115 114 113 112 111 98 74 F316H
20.0 20.0 194 19.2 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 F316H

20.0 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 120 96 69 50 3.6 F321 A965
20.0 19.0 178 17.5 175 175 175 17.5 17.2 169 16.7 165 164 162 96 69 50 3.6 F321
20.0 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 120 119 9.1 6.9 54 F321H
200 19.0 178 17.5 17.5 17.5 175 17.5 17.2 169 16.7 16.5 164 16.2 123 9.1 6.9 54 F321H
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Table A-3
Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Forgings: Austenitic
A965 F347 S34700  18Cr-10Ni-Cb 8 (10) 70 30 1.00
FB47 S34700  18Cr-10Ni-Cb 8 (9)(10) 70 30 1.00
FB47H S34709  18Cr-10Ni-Cb 8 . 70 30 1.00
FB47H S34709  18Cr-10Ni-Cb 8 (9) 70 30 100
Forgings: HRerritic/Martensitic
FKM-27Cb S44627  27Cr-1Mo 101 (2) 60 35 1.00
A336 FKM-27Cb S44627  27Cr-1Mo 101 (2) 60 35 1.00
Forgings: Ferritic/Austenitic
Fp1 S31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 1.00
Fp0 §32205  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 70 1.00
Fp3 §32750  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 1.00
Fittings (Sgamless and Welded): Austenitic
A403 WP304 S30400  18Cr-8Ni 8 (47 (10) (11) 75 30 1.00
WP304 S30400  18Cr-8Ni 8 (4)(7) (9) (10) (11) 75 30 1.00
WP304H S30409  18Cr-8Ni 8.4 (7) (11) 75 30 1.00
WP304H S30409  18Cr-8Ni 8 WM™ OAan 75 30 1.00
A403 WP304L S30403  18Cr-8Ni 8 (1) (@A 70 25 1.00
WP304L S30403  18Cr-8Ni 8 M@ Oan 70 25 1.00
WP304N S30451  18Cr-8Ni-N 8 (1)) (7) (10) 80 35 1.00
WP304N S30451  18Cr-8NixN 8 (1)4)(7) (9 (10) 80 35 1.00
A403 WP309 S30900  23Cr=12Ni 8 (1) (7) (10) (11) 75 30 1.00
WP309 S30900 (23Cr-12Ni 8 (1) (7)(9) (10) (11) 75 30 1.00
WP310 S31000 ) 23Cr-20Ni 8 (1) (7) (10) (11) (14) 75 30 1.00
WP310 S31000  23Cr-20Ni 8 (1)(7)(9)(10)(11)(14) 75 30 1.00
WP310 S31000  23Cr-20Ni 8 (1) (7) (10) (11) (15) 75 30 1.00
WP310 S$31000  23Cr-20Ni 8 (M) (9 (10)(11)(15) 75 30 1.00
A403 WPS31254 S31254  20Cr-18Ni-6Mo @™ 94 44 1.00
WPS3125% S31254  20Cr-18Ni-6Mo 1 (7 9 94 44 1.00
A403 P316 S31600 16Cr=12Ni=2Mo. 8 [A.) ['7) [1 n) (1 1) [70) 75 30 1.00
WP316 S31600  16Cr-12Ni-2Mo 8 @ (™9 (10)(11)(29) 75 30 1.00
WP316H S31609  16Cr-12Ni-2Mo 8 (4)(7)(11) (29 75 30 1.00
WP316H S31609  16Cr-12Ni-2Mo 8 1) (79 (11) (29) 75 30 1.00
A403 WP316L S$31603  16Cr-12Ni-2Mo 8 (1) (7) (11) (29) 70 25 1.00
WP316L S31603  16Cr-12Ni-2Mo 8 (1) (™9 (11) (29) 70 25 1.00
WP316N S31651  16Cr-12Ni-2Mo-N 8 (1) (7) (10) 80 35 1.00
WP316N S31651  16Cr-12Ni-2Mo-N 8 (1) (7) (9 (10) 80 35 1.00
WPS31726 S$31726  19Cr-15.5Ni-4Mo 8 (1) 80 35 1.00
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Forgings: Austenitic (Cont’d)
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 91 61 44 F347 A965
20.0| 19.1 17.6 16.6 16.0 158 15.7 15.7 15.7 15.7 15.7 15.6 155 153 12.1 91 61 44 F347
20.0| 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 F347H
20.01 19.1 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 15.7 15.6 155 153 151 141 105 7.9 F347H
Forgings: Ferritic/Martepnsitic
17.1] 171 16.6 16.1 16.1 16.1 16.1 FXM-27Cb
17.1] 17.1 16.6 16.1 16.1 16.1 16.1 FXM-27Cb A336
Forgings: Ferritic/Austpnitic
25.7| 25.7 24.8 239 233 23.1 F51
271 27.1 26.2 25.2 24.6 24.3 F60
33.1| 33.0 31.2 30.1 29.6 29.4 F53
Fittings (Seamless and Welded): Austgnitic
20.0| 16.7 15.0 13.8 129 12.3 12.0 11.7 11.5 11.2 11.0 10.8 106104 101 98 77 61 WP304 A403
20.01 20.0 189 183 17.5 16.6 16.2 158 155 15.2 149 14.6.143 14.0 124 98 77 61 WP304
20.0| 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0.10:8*10.6 104 101 98 77 61 WP304H
20.0| 20.0 189 183 17.5 16.6 16.2 158 155 15.2 14.9\14.6 143 14.0 124 98 77 61 WP304H
16.7] 14.3 12.8 11.7 109 104 10.2 10.0 9.8 9.7 WP304L A403
16.7] 16.7 16.7 158 14.7 14.0 13.7 13.5 13,3430 .. .. .. .. WP304L
229 19.1 16.7 15.1 14.0 13.3 13.0 12.8 125/12.3 12.1 118 11.6 113 11.0 98 77 61 WP304N
229| 229 21.7 203 189 179 17.5 172,169 16.6 163 16.0 156 152 124 98 77 61 WP304N
20.01 17.5 16.1 15.1 14.4 139 137,135 133 13.1 129 127 125 99 71 50 36 2.5 WP309 A403
20.0| 20.0 20.0 20.0 19.4 18.87185 18.2 18.0 17.7 175 17.2 159 99 71 50 36 2.5 WP309
20.01 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 125 123 99 71 50 36 2.5 WP310
20.01 20.0 20.0 19.9 193\18.5 18.2 179 17.7 174 17.2 169 159 99 71 50 36 2.5 WP310
20.01 17.6 16.1 15.1143 13.7 13.5 13.3 13.1 129 12.7 125 123 99 71 50 36 2.5 WP310
20.01 20.0 20.0 19.9y19.3 185 18.2 179 17.7 174 172 169 159 99 71 50 36 2.5 WP310
269 239 214,198 186 179 17.6 174 173 WPS31254 A403
269 26:9%25.5 24.3 23.5 23.0 22.8 22.7 22.6 WPS31254
20.0 173 156 143 133 126 123 121 119 118 116 115 114 113 112 111 989 74  \NP316 403
20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 WP31l6
20.0 173 15.6 14.3 133 12.6 123 12.1 119 118 11.6 115 114 113 112 111 98 74 WP316H
20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 WP316H
16.7 14.1 12.7 11.7 109 104 102 100 98 96 94 92 90 88 86 84 83 64 WP31l6L A403
16.7 16.7 16.0 15.6 14.8 14.0 13.8 13.5 13.2 13.0 12.7 124 121 119 116 114 88 64 WP316L
229 207 19.0 17.6 16.5 15.6 15.2 149 145 14.2 139 13.7 134 132 129 123 98 74 WP316N
229 229 22.0 215 21.2 21.0 20.5 20.0 19.6 19.2 188 185 181 178 158 123 98 74 WP316N
229 200 179 16.3 153 14.6 WPS31726
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Table A-3

Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Fittings (Seamless and Welded): Austenitic
WPS31726 S31726  19Cr-15.5Ni-4Mo 8 (1) (9) 80 35 1.00
A403 WP3T7 S3T700 18Cr=r3NI=3Mo 8 (O (7 (1o (I 75 30 T700
WP317 S§31700  18Cr-13Ni-3Mo 8 (1) (™79 (10) (11) 75 30 100
WP321 S$32100  18Cr-10Ni-Ti 8 (4)(7) (10) (11) 75 30 1:00
WP321 S$32100  18Cr-10Ni-Ti 8 (4)(7)(9) (10) (11) 75 30 1.00
WP321H $32109  18Cr-10Ni-Ti 8 (4) (M @an 75 B0 1.00
WP321H §32109  18Cr-10Ni-Ti 8 4O @Aan 75 30 1.00
A403 WP347 S34700  18Cr-10Ni-Cb 8 (4)(7)(10)(11) 75 30 1.00
WP347 S34700  18Cr-10Ni-Cb 8 (4)(7)(9) (10) (11) 75 30 1.00
WP347H S34709  18Cr-10Ni-Cb 8 (4)(7)@an 75 30 1.00
WP347H S34709  18Cr-10Ni-Cb 8 (™M OO 75 30 1.00
A403 WP348 S34800  18Cr-10Ni-Cb 8 (4) (7) (10) f11) 75 30 1.00
WP348 S34800  18Cr-10Ni-Cb 8 (4)(7) (990 (11) 75 30 1.00
WP348H S34809  18Cr-10Ni-Cb 8 (4) (7)) 75 30 1.00
WP348H S34809  18Cr-10Ni-Cb 8 WA (11 75 30 1.00
Fittings (Sdamless and Welded): Ferritic/Austenitic
A815 Sp1803 §31803  22Cr-5.5Ni-3Mo-N T0H (1) (23) (24) 90 65 1.00
SB2101 §$32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 94 65 1.00
SB2205 §32205  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 70 1.00
SB2101 §$32101  21Cr-5Mn-1.5Ni<€Ci-N 10H (1) (23) (24) 101 77 1.00
Castings: Alustenitic
A351 CF3 ]92500 18Cr=8Ni 8 (1) (B)@A7N 70 30 0.80
CF3 ]92500 18€r-8Ni 8 (MBG)O (7N 70 30 0.80
CF3A ]92500 18Cr-8Ni 8 (1) (B)@A7N 77.5 35 0.80
CF3A ]92500 18Cr-8Ni 8 (M)((B)O 7 77.5 35 0.80
CF3M ]92800 18Cr-12Ni-2Mo 8 (1)(5)@A3)@an 70 30 0.80
CF3M ]92800 18Cr-12Ni-2Mo 8 (1) (59 (13) (17) 70 30 0.80
A351 CF8 192600 18Cr-8Ni 8 (5) (10) (17) 70 30 0.80
CF8 ]92600 18Cr-8Ni 8 (5)(9) (10) 17) 70 30 0.80
CF8C ]92710 18Cr-10Ni-Cb 8 (1) (5 (10) (17) 70 30 0.80
CF8€ ]92710 18Cr-10Ni-Cb 8 (1) (5)(9) (10) (17) 70 30 0.80
CFeMt 192966 t6Er=12Ni=2Mo B— 535 76 36 6-86
CF8M ]92900 16Cr-12Ni-2Mo 8 (5)(9) (13) (17) 70 30 0.80
A351 CH8 J93400 25Cr-12Ni 8 (1) (5 (10) 17) 65 28 0.80
CH8 ]93400 25Cr-12Ni 8 (1) (5 (9 (10) (17) 65 28 0.80
CH20 ]93402 25Cr-12Ni 8 (1) (5 (10) (17) 70 30 0.80
CH20 ]93402 25Cr-12Ni 8 (1) (5)(9) (10) (17) 70 30 0.80
CK20 ]94202 25Cr-20Ni 8 (1) (5) (10) (17) 65 28 0.80
CK20 194202 25Cr-20Ni 8 (1) (5)(9) (10) (17) 65 28 0.80
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Fittings (Seamless and Welded): Austenitic (Cont’d)
229 21.8 209 20.5 20.3 19.7 WPS31726
2001737156 &3 1337126 123 121 119 118 116 115 14 113 12— 11T 98 2 WP317 403
20.0] 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 WP317
20.0| 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 12.0 9.6 69 50 3.6 WP321
20.0| 20.0 19.1 18.7 18.7 183 179 17.5 17.2 169 16.7 16.5 164 162 9.6 69 50 36 WP321
20.0| 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 120 119 9.1 6.9 54 WP321H
20.0] 20.0 19.1 187 18.7 183 179 17.5 17.2 169 16.7 16,5 164 162 12.3 9.1 6.9 54y WP321H
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1\ 4.4 WP347 A403
20.0| 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 160 12.1 9.1 6:1~ 44 WP347
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 \105 79 WP347H
20.0] 20.0 188 17.8 17.1 169 16.8 168 16.8 16.8 16.8 16.7 16.6 164 162 I1%&I* 105 7.9 WP347H
20.0| 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 13.4 /127 9.1 6.1 44 WP348 A403
20.0] 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16:0\ 12.1 9.1 6.1 44 WP348
20.0| 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 WP348H
20.0] 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6£16.4 162 141 105 79 WP348H
Fittings (Seamless and Welded): Ferritic/Austenitic
25.7| 25.7 24.8 239 233 23.1 $31803 A815
269| 269 25.6 24.7 247 247 §32101
27.1| 27.1 26.2 25.2 24.6 243 $32205
289| 289 27.5 26,5 26,5 265 S$32101
Castings: Austpnitic
16.0] 13.3 12.0 11.0 104 98 96,94 92 9.0 CF3 A351
16.0( 15.2 14.1 13.7 13.5 13.3 13:02.7 124 12.1 CF3
17.7( 15.6 14.0 129 12.1 11.5~112 109 CF3A
17.7( 16.8 15.6 15.1 15.0 15.0,15.0 14.8 .. CF3A
16.0( 13.8 124 114 106, 10.1 98 9.7 95 94 93 CF3M
16.0] 16.0 15.5 154,143 13.6 13.3 13.0 12.8 12.7 12.5 CF3M
16.0( 13.3 12.0 110 104 98 96 94 92 90 88 86 85 83 76 60 48 38 CF8 A351
16.0( 152 144 ,13.7 13.5 13.3 13.0 12.7 124 121 119 11.7 114 98 76 60 48 38 CF8
16.0( 13.3%32:0 11.0 104 98 96 94 92 90 88 86 85 83 81 73 49 36 CF8C
16.0( &5.2714.1 13.7 13.5 13.3 13.0 12.7 124 121 119 11.7 114 11.2 9.7 73 49 36 CF8C
16.0 =381 24114106 10+—98—9 79594 —93—92—9+—9+—9¢6 7 5 5—43—CF8M
16.0 16.0 15.5 154 14.3 13.6 13.3 13.0 12.8 12.7 125 124 123 11.9 9.2 7.1 55 43 CF8M
149 122 113 108 105 101 99 9.7 94 91 88 85 82 79 68 52 40 30 CHS8 A351
149 13.6 12.7 123 123 12.3 123 12.2 12.0 11.8 11.5 111 106 89 68 52 40 3.0 CHS8
16.0 13.1 121 11.6 11.2 108 10.6 104 101 98 95 9.1 88 85 68 52 40 3.0 CH20
16.0 14.6 13.6 13.3 13.2 13.2 13.2 13.1 13.0 12.7 124 119 114 89 68 52 40 3.0 CH20
149 122 113 108 10.5 101 99 97 94 91 88 85 82 79 76 68 58 48 CK20
149 13.6 12.7 123 123 123 123 12.2 12.0 11.8 11.5 11.1 10.6 9.0 78 68 58 48 CK20
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Table A-3
Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E

Spec. Type or Alloy Nominal P- Tensile, Yield, or

No. Grade Class No. Composition No. Notes ksi ksi F
Castings: Ferritic/Martensitic

A217 CA15 J91150 13Cr-"Mo 6 (1)B3)®) 90 65 0.80

Bar: Austenitic

A479 . N08904 44Fe-25Ni-21Cr-Mo 45 (1) 71 31 1.00

3p4 S30400  18Cr-8Ni 8 (10) 75 30 00

3p4 S30400  18Cr-8Ni 8 (9)(10) 75 30 1.00

3p4H S30409  18Cr-8Ni 8 . 75 30 1.00

3p4H S30409  18Cr-8Ni 8 (9) 75 30 1.00

A479 3p4L S30403  18Cr-8Ni 8 (16) 70 25 1.00

3p4L S30403  18Cr-8Ni 8 (9) (16) 70 25 1.00

3P4N S30451  18Cr-8Ni-N 8 (10) 80 35 1.00

3P4N S30451  18Cr-8Ni-N 8 (9)(10) 80 35 1.00

A479 S30815  21Cr-11Ni-N @8] 87 45 1.00

S§30815  21Cr-11Ni-N [SNEC) 87 45 1.00

A479 3L0S S31008  25Cr-20Ni 8 (10) (1) (15) 75 30 1.00

3[L0S S$31008  25Cr-20Ni 8 (10)\(11) (14) 75 30 1.00

3[L0S S$31008  25Cr-20Ni 8 «[9) (10) (11) 75 30 1.00

S31254  20Cr-18Ni-6Mo 8 (1) 95 44 1.00

S31254  20Cr-18Ni-6Mo 8 (M) 95 44 1.00

A479 36 S$31600  16Cr-12Ni-2Mo 8 (10) (29) 75 30 1.00

316 S§31600  16Cr-12Ni-2Mo 8 (9) (10) (29) 75 30 1.00

3[L6H S31609  16Cr-12Ni=2Mo 8 (29) 75 30 1.00

3[16H S31609  16Cr-12Ni-2Mo 8 (9)(29) 75 30 1.00

A479 3[L6L S$31603  16Cp-12Ni-2Mo 8 (16) (28) (29) 70 25 1.00

3[L6L S$31603 ( 16Cr-12Ni-2Mo 8 (9) (16) (28) (29) 70 25 1.00

3[L6N S31651 ) 16Cr-12Ni-2Mo 8 (10) 80 35 1.00

3[L6N S31651  16Cr-12Ni-2Mo 8 (9)(10) 80 35 1.00

3[17LMN S$31726  19Cr-15.5Ni-4Mo 8 (1) 80 35 1.00

3[17LMN §31726  19Cr-15.5Ni-4Mo 8 (1) (9) 80 35 1.00

A479 3p1 $32100  18Cr-10Ni-Ti 8 (10) 75 30 1.00

3p1 §32100  18Cr-10Ni-Ti 8 (9)(10) 75 30 1.00

3R1H §32109  18Cr-10Ni-Ti 8 .. 75 30 1.00

321H $32109  18Cr-10Ni-Ti 8 (9) 75 30 1.00

S§32550  25.5Cr-5.5Ni-3.5Mo-2Cu 10H (1) (25) (26) 110 80 1.00

A479 347 S34700  18Cr-10Ni-Cb 8 (10) 75 30 1.00

347 S34700  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00

347H S34709  18Cr-10Ni-Cb 8 .. 75 30 1.00

347H S$34709  18Cr-10Ni-Cb 8 (9 75 30 1.00

A479 348 S$34800  18Cr-10Ni-Cb 8 (10) 75 30 1.00

348 S34800  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00

348H S34809  18Cr-10Ni-Cb 8 75 30 1.00
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Table A-3

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Castings: Ferritic/Martensitic
20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.1 120 74 47 30 19 12 0.8 CA15 A217
Bar: Austpnitic
20.3] 16.7 15.1 13.8 12.7 119 11.6 114 .. A479
20.0| 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 10.1 9.8 77 61 304
20.0] 20.0 189 183 17.5 16.6 16.2 158 155 15.2 149 14.6 143 14.0 124 98 77 61 304
20.0| 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 10.1 9.8 7.7 6.1 ~304H
20.0] 20.0 189 183 17.5 16.6 16.2 158 15.5 152 149 14.6 143 140 124 98 7.7 6i1/y304H
16.7( 143 12.8 11.7 109 104 10.2 10.0 9.8 9.7 304L A479
16.7] 16.7 16.7 158 14.7 14.0 13.7 13.5 13.3 13.0 .. .. 304L
229| 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12,5 123 12.1 11.8 11.6 11.3 11.0 98 X\ 7.7 61 304N
22.9| 229 21.7 203 189 179 175 17.2 169 16.6 16.3 16.0 156 152 124, 98 77 6.1 304N
249| 247 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 16.2 149 AKN6' 9.0 69 52 A479
249| 247 233 224 218 214 21.2 21.0 20.8 20.6 20.3 20.0 19.1 149, 116 90 69 52
20.0] 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 12,5 123 9.9 310S A479
20.01 17.6 16.1 15.1 143 13.7 13.5 13.3 13.1 129 12.7 125 123+ 9.9 310S
20.01 20.0 20.0 199 19.3 185 18.2 179 17.7 174 17.2 16.93\159 9.9 3108
269| 239 214 198 186 179 17.6 17.4 17.3
269| 269 25.5 243 23.5 23.0 22.8 22.7 22.6
20.01 17.3 15.6 14.3 133 12.6 123 12.1 119 118~11.6 11.5 114 113 112 111 98 74 316 A479
20.0] 20.0 20.0 19.3 18.0 17.0 16.6 16.3 164159 15.7 156 154 153 151 124 98 74 316
20.0] 17.3 15.6 143 133 12.6 123 12.1 119 118 11.6 115 114 113 11.2 111 98 74 316H
20.0] 20.0 20.0 19.3 18.0 17.0 16.6 1.6.3\16.1 159 15.7 15.6 154 153 151 124 98 74 316H
16.7( 14.1 12.7 11.7 109 104 10.2y10.0 98 96 94 92 90 88 86 84 83 64 316L A479
16.7( 16.7 16.0 15.6 14.8 14.0 13:8 13.5 13.2 13.0 12.7 124 12.1 119 116 114 88 64 316L
229| 20.7 19.0 17.6 16.5.15.6 152 149 14.5 14.2 139 13.7 134 132 129 123 98 74 316N
229 229 22.0 21.5 21%2\21.0 20.5 20.0 19.6 19.2 18.8 185 181 178 158 123 98 74 316N
229] 20.0 179 16.3 153 14.6 317LMN
229] 21.8 209 20.5 203 19.7 317LMN
20.0] 18.0 4657153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 120 96 69 50 3.6 321 A479
20.0( 2070.M9.1 18.7 18.7 183 179 17.5 17.2 169 16.7 16,5 164 149 96 69 50 36 321
20.0) 180 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 12.0 119 9.1 6.9 54 321H
20.0 20.0 19.1 187 18.7 183 179 17.5 17.2 169 16.7 165 164 162 123 9.1 6.9 54 321H
314 313 29.5 28.6 282
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 13.4 134 121 9.1 6.1 44 347 A479
20.0 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 44 347
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 347H
20.0 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 164 16.2 141 105 7.9 347H
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 13.4 134 121 9.1 6.1 44 348 A479
20.0 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 44 348
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 348H
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Table A-3

Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Bar: Austenitic
348H S34809  18Cr-10Ni-Cb 8 (9) 75 30 1.00
Bar: Ferritjc/Martensitic
A479 XM-27 S44627  27Cr-1Mo 101 (2) 65 40 100
Bar: Ferritlc/Austenitic
A479 SB1803 S$31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 1.00
SB2101 §$32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 94 65 1.00
2p05 §32205  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 95 65 1.00
SB2750 S§32750  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 1.00
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Table A-3
Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Bar: Austenitic (Cont’d)
20.0 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 164 162 141 105 79 348H

BarT Ferritc/Martepnsitic
186 186 183 181 181 181 181 .. .. .. . XM-27 A479

Bar: Ferritic/Austpnitic

25.7| 25.7 24.8 239 233 231 .. .. S31803 A479
269 269 25.6 24.7 24.7 247 .. .t 7832101

27.1| 27.1 26.2 252 24.6 243 .. ./ 2205

33.1] 33.0 31.2 30.1 29.6 294 .. L. S32750
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Table A-3
Stainless Steels (Cont’d)

GEN
(a)
(b)
()

(d)
(e)

®
(8)

0]

ERAL NOTES:

The tabulated specifications are ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.
The stress values in this table may be interpolated to determine values for intermediate temperatures.

The P-Numbers indicated in this table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, and
welding operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.

Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given herein or in
Table A-8.
The tabjlated stress values are S x E' (weld joint efficiency factor) or S x F (material quality factor), as applicable. Weld joint efficieney factors
are shown in Table 102.4.3-1.
Pressurje-temperature ratings of piping components, as published in standards referenced in this Code, may be used for components nmpeeting
the reqfiirements of those standards. The allowable stress values given in this table are for use in designing piping components that fire not
manufafctured in accordance with referenced standards.
The tabjulated stress values that are shown in italics are at temperatures in the range where creep and stress pupture strength gové¢rn the
selection of stresses.

(i) See parja. 124.1.2 for lower temperature limits.

NOTES:

(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES/100.1.2-1 THROUGH 100.1.2-10.

(2) Use of this material at temperatures above 650°F is not approved because of the possibility-0f temper embrittlement.

(3) Thissfeel may be expected to develop embrittlement at room temperature after service at tefhperatures above 700°F. Consequently)its use
at higher temperatures is not recommended unless due caution is observed.

(4) Forfitfings made from ASTM forgings over 5 in. in thickness, the allowable stress values tabulated shall be reduced by the ratio of 70 divided
by 75

(5) The material quality factors and allowable stress values for these materials mayybe increased in accordance with para. 102.4.¢.

(6) Tensile strengths in parentheses are expected minimum values.

(7) See M}S SP-43 for requirements for lightweight stainless steel fittings. MSS'SP-43 Schedule 5S fittings shall not be used for design tempera-
tures pbove 400°F. MSS SP-43 Schedule 10S fittings shall not be used\for’ design temperatures above 750°F.

(8) The mpaterial quality factor for centrifugally cast pipe (0.85) is based on all surfaces being machined after heat treatment. The surfacq finish,
after nachining, shall be 250 pin. arithmetic average deviation_or.Smoother.

(9) Duetdtherelatively low yield strength of these materials, these-higher allowable stress values were established at temperatures where the
short fime tensile properties govern to permit the use of thesexalloys where slightly greater deformation is acceptable. These stress|values
exceedl 67% but do not exceed 90% of the yield strength attemperature. Use of these stress values may result in dimensional changeq due to
permgnent strain. These values should not be used fortheflanges of gasketed joints or other applications where slight amounts of disfortion
can cduse leakage or malfunction.

(10) The allowable stress values tabulated for temperatures over 1,000°F apply only if the carbon content of the material is 0.04% or higher.

(11) The allowable stress values tabulated for temperatures over 1,000°F apply only if the material is heat treated by heating to a mihimum
tempgrature of 1,900°F and quenchingsinswater or rapidly cooling by other means.

(12) These|allowable stress values apply.to‘fergings over 5 in. in thickness.

(13) The allowable stress values tabulated for temperatures over 800°F apply only if the carbon content of the material is 0.04% or higher.

(14) These|allowable stress values,shall’be used only when the grain size of the material is ASTM No. 6 or coarser.

(15) Thesefallowable stress values.shall be used when the grain size of the material is finer than ASTM No. 6 or when the grain size has n¢t been
detertpined.

(16) Use of external pressurelcharts for material in the form of barstock is permitted for stiffening rings only.

(17) Atthelferrite levels tabulated below, these materials will have significant reductions in Charpy V-notch toughness values at room tejnpera-
ture apd below following service exposure at the indicated temperatures. This reduction indicates the potential for brittle fracture with high
rate lgading in\the presence of sharp notches or cracks.

Ferrite Content, % Service Temperature, °F
5 and less 1,100 and ahove

10 900 and above

15 800 and above

20 700 and above

25-30 600 and above

35-40 500 and above

(18) The stress values at 1,050°F and above shall be used only when the grain size is ASTM No. 6 or coarser.

(19) These allowable stress values apply for single or double butt welded pipe with radiography per para. 136.4.5.

(20) These allowable stress values apply for double butt welded pipe, without radiography.

(21) These allowable stress values apply for single butt welded pipe, without radiography.
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Stainless Steels (Cont’d)

NOTES: (Cont'd)

(22)
(23)

(24)

(25)
(26)

(27)
(28)
(29)
(30)
(31

Any heat treatment applied to this material shall be performed at 1,880°F to 2,060°F, followed by a rapid cool.
The use of this material is limited to 600°F (315°C). This material may exhibit embrittlement at room temperature after moderately elevated
temperature service. Cold work (strain hardening) such as that introduced during tube bending and certain manufacturing and assembly
processes can make UNS S32750 more susceptible to embrittlement when exposed to temperatures in excess of 480°F (250°C).

Exceptfor UNS No. S32003 material, any heattreatment applied shall be performed at 1,870°F to 2,010°F, followed by a rapid cool. For ASTM
A182, ASTM A240, and ASTM A479 material, this is more restrictive than the material specification and shall be met. For UNS No. S32003
material, any heat treatment applied shall be performed at 1,850°F to 2,050°F, followed by rapid cooling in air or water.

shall not be

sed.
his steel may be expected to develop embrittlement after exposure to temperatures above 500°F for prolonged times. See ASME BPVC,
ection 1I, Part D, Appendix A, A-207 and A-208.

hese allowable stress values apply only to forgings 5 in. in thickness and under.

he stress values at temperatures above 1,000°F apply only if Supplementary Requirement S1 has been specified.
he material shall have an ASTM grain size of 7 or coarser for use at 1,000°F (550°C) and above.

hese allowable stress values apply to seamless pipe <% in. wall thickness.

hese allowable stress values apply to seamless pipe >% in. wall thickness.

e (L]
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Table A-4
Nickel and High Nickel Alloys
Specified Specified

UNS Minimum Minimum E

Spec. Alloy Temper or Nominal P- Tensile, Yield, or
No. No. Condition Composition No Notes ksi ksi F

Seamless Pipe and Tube

B161 N02200 Annealed Ni 41 1 (5 55 15 1.00
N02200 Annealed Ni 41 (1) (6) 55 12 1.00
N02200  Str. rel. Ni 41 1 65 40 1{00
B161 N02201 Annealed Ni-Low C 41 1) (5) 50 12 1{00
N02201 Annealed Ni-Low C 41 (1) (6) 50 10 1{00
02201  Str. rel. Ni-Low C 41 @8] 60 30 1{00
B163 N08800 Annealed Ni-Cr-Fe 45 @) 75 30 1{00
N08800 Annealed Ni-Cr-Fe 45 2) (7 75 30 1{00
08810 Annealed Ni-Cr-Fe 45 65 25 1{00
08810 Annealed Ni-Cr-Fe 45 (2) 65 25 1{00
B165 N04400 Annealed Ni-Cu 42 1 ©) 70 28 1{00
N04400 Annealed Ni-Cu 42 (1) (6) 70 25 1{00
04400  Str. rel. Ni-Cu 42 (1) (2) (3) 85 35 1{00
B167 N06600 H.F./ann. Ni-Cr-Fe 43 (5) 80 30 1{00
N06600 H.F./ann. Ni-Cr-Fe 43 (2) (5) 75 30 1{00
N06600 H.F./ann. Ni-Cr-Fe 43 (6) 75 25 1{00
06600 H.F./ann. Ni-Cr-Fe 43 (2) (6) 80 25 1{00
B167 N06600 C.D./ann. Ni-Cr-Fe 43 (5) 80 35 1{00
N06600 C.D./ann. Ni-Cr-Fe 43 2) (5) 80 35 1{00
N06600 C.D./ann. Ni-Cr-Fe 43 (6) 80 30 1{00
N06600 C.D./ann. Ni-Cr-Fe 43 (2) (6) 80 30 1{00
B167 N06617  Annealed 52Ni-22Cr-13Co-9Mo 43 7 95 35 1{00
N06617  Annealed 52Ni-22Cr-13Co-9Mo 43 2y 95 35 1{00
N06690 C.W./ann. 58Ni-29Cr-9Fe 43 (7) (23) 85 35 1{00
N06690 C.W./ann. 58Ni-29Cr-9Fe 43 (2) (7) (23) 85 35 1{00
B407 N08800 C.D./ann. Ni-Cr-Fe 45 @) 75 30 1{00
N08800 C.D./anm Ni-Cr-Fe 45 2y 75 30 1{00
N08810 Amnealed Ni-Cr-Fe 45 @) 65 25 1{00
N08810 ¢ ‘Amnealed Ni-Cr-Fe 45 2) (™ 65 25 1{00
B423 N08825 C.W./ann. Ni-Fe-Cr-Mo-Cu 45 @) 85 35 1{00
NBB825—EWanm: Ni=Fe=Cr-Mo=ttr 45 237 85 35 +00
B444 N06625 Sol. ann. Ni-Cr-Mo-Cb 43 (14) (18) 100 40 1.00
N06625 Annealed Ni-Cr-Mo-Cb 43 (2) (14) 120 60 1.00
B622 N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (12) 100 45 1.00
N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (2) (12) 100 45 1.00
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (12) 100 41 1.00
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 1.00
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (D 100 45 1.00
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 1@ 100 45 1.00
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Table A-4
Nickel and High Nickel Alloys

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS

Alloy Spec

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.

Seamless Pipe and Tube

10.0 10.0 10.0 10.0 10.0 10.0 .. N02200 B161
80 80 80 80 80 80 .. N02200
186 | 186 186 18.6 183 17.7 .. N022p0

80| 77 75 75 75 75 75 74 74 72 58 45 37 30 2.4 2.0 1.5 1.2-\NO022p1 B161
67| 64 63 62 62 62 62 62 61 60 58 45 37 30 2.4 2.0 1.5 1.2 ¥ NO022p1
1711171 17.0 17.0 168 163 .. N022p1

20.0 | 185 178 17.2 168 163 16.1 159 157 155 153 151 149 147 145 13.0 9.8 6.6  N088D0 B163
20.0 | 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 17.0 13.0 9.8 6.6  N088PO
16.7 | 154 144 13.6 129 122 119 116 114 111 109 10.7 10.5 104 102 @0.0 9.3 7.4 NOSBEO

16.7 | 16.7 16.7 16.7 16.7 16.7 16.1 15.7 153 15.0 14.7 145 142 140 138 /116 9.3 7.4  NO88JLO
18.7 | 16.4 152 14.7 14.7 147 14.7 14.6 145 143 11.0 80 .. N044p0  B165
16.7 | 146 13.6 13.2 13.1 13.1 13.1 13.0 129 127 11.0 80 .. N044p0
243 | 243 243 243 243 .. N044p0

20.0 {19.1 183 175 168 16.2 159 15.7 155 152 151 149 10% 7.0 4.5 3.0 2.2 2.0 N066D0 Bl67
20.0 [ 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 16:0~710.6 7.0 4.5 3.0 2.2 2.0 N066pP0
16.7 | 159 152 14.6 14.0 13.5 133 13.1 129 12.7 125 124 10.6 7.0 4.5 3.0 2.2 2.0 N066pP0
16.7 | 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16(7;16.0 10.6 7.0 4.5 3.0 2.2 2.0 N066pP0

229 (213 20.8 20.5 202 199 198 19.6 194 191)187 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N066D0 B167
22.9 | 229 229 229 229 229 229 229 229\229 224 160 106 7.0 4.5 3.0 2.2 2.0 N066p0
20.0 {19.1 183 17,5 168 16.2 159 15.7 1557152 151 149 106 7.0 4.5 3.0 2.2 2.0 N066pP0
20.0 | 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N066pP0

233 (208 19.2 181 172 16.6 164~16.2 16.0 159 158 157 156 155 154 154 153 153 NO66[l7 B167
233|233 233 233 233 225 @24 219 217 215 213 21.2 21.0 209 209 208 20.7 181 NO66[L7
233 (211 199 191 186 184 184 184 184 184 184 183 165 11.6 9.0 6.5 4.5 3.0 NO066P0
23.3 (233 233 233 23.1_R29 229 228 22.7 226 225 222 165 116 9.0 6.5 4.5 3.0 NO066P0

20.0 (185 178 172168 163 16.1 159 157 155 153 151 149 147 145 130 9.8 6.6  N088D0 B407
20.0 | 20.0 20.0 2076,520.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 170 13.0 9.8 6.6  N088PO

16.7 | 154 144186 129 122 119 116 114 111 109 10.7 10.5 104 10.2 10.0 9.3 7.4  NO88JLO
16.7 | 16.7 167 16.7 16.7 16.5 16.1 157 153 15.0 14.7 145 142 140 138 116 9.3 7.4 NOBSEO

233 | 21.4-/20.3 194 185 178 175 173 17.2 17.0 NO088R5 B423
23.3 “233—3233—233—233—233—233—233—232—236 NO8825
26.7 249 236 22.6 218 21.1 208 20.6 20.3 20.1 20.0 19.8 19.7 19.5 194 194 N06625 B444
343 343 343 336 329 324 321 318 315 31.2 309 306 303 299 295 29.0 N06625
28,6 267 246 229 215 204 20.0 19.6 193 19.0 .. N06022 B622
28.6 286 282 27.2 265 26.0 258 256 254 253 .. N06022
273 249 23.0 213 199 188 182 178 174 17.1 169 16.7 16,6 16.5 N10276
273 273 273 273 269 252 246 24.0 235 231 228 226 224 223 N10276

28.6 25.6 231 213 201 193 189 18.7 184 182 180 178 176 175 173 171 169 136 R30556
28.6 28.6 28.0 271 264 260 25.6 252 249 246 243 241 238 23.6 233 212 170 136 R30556
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Table A-4
Nickel and High Nickel Alloys (Cont’d)
Specified Specified

UNS Minimum Minimum E

Spec. Alloy Temper or Nominal P- Tensile, Yield, or
No. No. Condition Composition No. Notes ksi ksi F

Seamless Pipe and Tube
B677 N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 1) 87 43 1.00
N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 (@) 87 43 1J00
N08926  Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (19) (20) 94 43 1loo
N08926  Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (2) (19) (20) 94 43 1loo
B690 08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (8) (22) 95 45 1{00
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (2) (8) (22) 95 45 1{00
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 21) 100 45 1400
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45  (2) (21) 100 45 1|00
B729 N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 1 80 35 1j00
N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 1@ 80 35 1{00
Welded Pipe and Tube

B464 N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 80 35 0J85
08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 2) 80 35 0J85
B468 N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 1 80 35 0{85
N08020  Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 (1) (2) 80 35 olss
B546 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 @™ 95 35 0{85
06617 Annealed 52Ni-22Cr-13Co=9Mo 43 M 2) (M) 95 35 0{85
B619 N06022  Sol. ann. Ni-Mo-Cr=Low C 44 (12) 100 45 0J85
N06022  Sol. ann. Ni-Mo=Cr=Low C 44 (2) (12) 100 45 olss
N10276  Sol. ann. Low C=Ni-Mo-Cr 43 (12) 100 41 0J85
10276  Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 0{85
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 €8] 100 45 0J85
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 1@ 100 45 0J85
B626 N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (12) 100 45 0{85
N06022 _Sél-ann. Ni-Mo-Cr-Low C 44 (2) (12) 100 45 0{85
N10276 \\Sol. ann. Low C-Ni-Mo-Cr 43 (12) 100 41 0{85
N10276™ Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 0{85
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) 100 45 0J85
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1D (2) 100 45 0.85
B673 N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 1) 87 43 0.85
N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 1@ 87 43 0.85
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (19) (20) 94 43 0.85
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (2) (19) (20) 94 43 0.85
B674 N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 1) 87 43 0.85
N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 1) (2) 87 43 0.85
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Table A-4
Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS
Alloy Spec
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.

Seamless Pipe and Tube (Cont'd)

249 232 213 198 183 173 17.0 169 169 169 .. N08925 B677
249 | 249 239 23.0 221 214 211 208 204 20.1 .. N0O89R5
269 | 241 21.5 19.7 18.7 18.0 17.7 175 174 .. N089p6
269 | 269 26.2 24.8 23.7 228 224 220 216 .. N089R6
271 | 26.2 23.8 219 205 194 19.0 18.6 183 18.0 .. N083p7 B690
27.1 (271 25.7 24.6 238 233 231 229 228 226 .. N083p7
28.6 | 26.2 238 219 205 194 19.0 186 183 18.0 .. N083p7
28.6 | 28.6 27.0 258 25.0 24.5 243 241 24.0 238 .. N083p7
229 (206 19.7 189 182 17.7 175 174 172 168 .. NO80ORO  B729
229|229 226 222 221 221 220 219 218 218 .. NO080R0

Welded Pip¢ and Tube

19.4 | 17.5 16.7 16.1 155 15.0 149 148 146 143 .. NO80OR0O  B464
19.4 | 19.4 19.2 188 188 188 187 186 185 185 .. NO80R0
19.4 | 175 16.7 16.1 155 15.0 149 148 146 143 .. NO8OR0O  B468
19.4 | 19.4 19.2 188 188 188 18.7 18.6 185 185 . NO080R0

19.8 | 17.7 163 154 146 141 139 138 13.6_ 135 134 133 133 132 131 131 13.0 13.0 NO66|l7 B546
19.8 1 19.8 198 198 198 19.1 188 186 184,183 181 180 179 178 178 177 17.6 154 NO66[7

243 1227 209 194 183 174 170 16.7 -164 162 .. NO60R2  B619
243 | 22.7 209 194 183 174 170~167 164 162 .. NO60R2
23.2 (212 19.6 181 169 16.0 @55715.1 148 145 144 142 141 14.0 N102f6
23.2 | 23.2 232 232 229 214 ,209 204 200 19.6 194 19.2 19.0 19.0 N102f6

243 (218 19.6 181 17.1 {164 16.1 159 157 155 153 152 15.0 148 147 145 144 11.6 R305p6
24.3 (243 238 23.0 225,221 21.7 214 211 209 207 205 20.2 20.0 198 180 144 11.6 R305p6

24.3 | 243 239 28.1y226 221 219 218 216 215 .. NO60R2  B626
243 | 243 23,9%23.1 226 221 219 218 216 215 .. NO060R2
23.2 [ 21.2 1967181 169 16.0 155 151 148 145 144 142 141 14.0 N102f6
23.2 | 2324232 232 229 214 209 204 200 19.6 194 19.2 19.0 19.0 N102f6

243 | 2¥8 19.6 181 17.1 164 16.1 159 157 155 153 152 150 148 147 145 144 11.6 R305p6
243 243 238 23.0 225 221 217 214 211 209 20.7 20.5 20.2 200 19.8 180 144 11.6 R30556

21.1 19.7 181 16.8 156 147 144 144 144 144 . N08925 B673
211 211 204 195 188 182 179 17.7 174 170 .. N08925
229 205 183 16.7 159 153 15.0 149 148 .. N08926
229 229 223 211 201 194 19.0 187 184 .. N08926
211 19.7 181 16.8 156 147 144 144 144 144 . N08925 B674
21.1 211 204 195 188 182 179 17.7 174 170 .. N08925
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Table A-4
Nickel and High Nickel Alloys (Cont’d)
Specified Specified
UNS Minimum Minimum E
Spec. Alloy Temper or Nominal P- Tensile, Yield, or
No. No. Condition Composition No Notes ksi ksi F
Welded Pipe and Tube
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (19) (20) 94 43 0.85
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (2) (19) (20) 94 43 0.85
B675 N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (22) 95 45 0{85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8) (22) 95 45 olss
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (21) 100 45 0{85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 M (2) 8) (21) 100 45 0{85
B676 N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (22) 95 45 0{85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8) (22) 95 45 0{85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (21) 100 45 0{85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8) (21) 100 45 olss
B704  N06625 Annealed Ni-Cr-Mo-Cb 43 (14) 120 60 olss
B705 N06625 Annealed Ni-Cr-Mo-Cb 43 (14) 120 60 0{85
B804 N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 @) (8) 95 45 0{85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8) 95 45 0J85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (21) 100 45 0{85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (D) (2) (8) (21) 100 45 0J85
Plate, Sheef, and Strip
B168 N06600 Annealed Ni-Cr-Fe 43 80 35 100
N06600 Annealed Ni-Cr-Fe 43 (2) 80 35 1/00
N06600 Hot rolled Ni-Cr-Fe 43 (4) 85 35 1/00
N06600 Hot rolled Ni-Cr&Fe 43 2) 4 85 35 1/00
B168 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (7N 95 35 1/00
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 2) (7 95 35 1/00
N06690 Annealed 58Ni-29Cr-9Fe 43 (7 85 35 1{00
N06690  Annealéd 58Ni-29Cr-9Fe 43 () () 85 35 100
B409 N08800 Annealed Ni-Cr-Fe 45 “4) (7 75 30 1j00
N08800 \\Anhnealed Ni-Cr-Fe 45 2)4) (™M 75 30 1j00
N08810 " Annealed Ni-Cr-Fe 45 “4) (7 65 25 1j00
N08810 Annealed Ni-Cr-Fe 45 (2) (4) (7) 65 25 1/00
B424 N08825 Annealed Ni-Fe-Cr-Mo-Cu 45 (7) 85 35 1.00
N08825 Annealed Ni-Fe-Cr-Mo-Cu 45 2) (™ 85 35 1.00
B435 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1 100 45 1.00
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1D (2) 100 45 1.00
B443 N06625 Sol. ann. Ni-Cr-Mo-Cb 43 (14) (18) 100 40 1.00
N06625 Annealed Ni-Cr-Mo-Cb 43 (14) 110 55 1.00
N06625 Annealed Ni-Cr-Mo-Cb 43 (14) (15) 120 60 1.00
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Table A-4
Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS
Alloy Spec
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.
Welded Pipe and Tube (Cont’d)
229 205 183 16.7 159 153 15.0 149 148 .. N08926
229 229 223 211 201 194 19.0 187 184 .. N08926
23.1 | 222 202 187 174 165 16.1 158 155 153 .. N083p7 B675
23.1 (231 21.8 209 202 198 19.6 19.5 194 192 .. N083p7
243 (222 202 187 174 165 16.1 158 155 153 .. N083p7
24.3 | 243 23.0 22.0 213 208 20.7 20.5 204 202 .. N083p7
231 (222 202 187 174 165 16.1 158 155 153 .. N083p7 B676
23.1 1231 21.8 209 202 198 19.6 195 194 19.2 .. N083p7
243|222 202 187 174 165 16.1 158 155 153 .. N083p7
24.3 (243 23.0 22.0 213 208 20.7 20.5 204 202 .. N083p7
29.1 (291 291 285 280 27.5 273 27.0 268 26,5 263 26.0 25.7 254™\\25.1 247 NO66R5 B704
29.1 [ 29.1 291 285 280 27.5 273 27.0 268 26,5 263 26.0 257254 251 247 NO66R5 B705
231 (222 202 187 174 165 16.1 158 155 153 .. N083p7 B804
23.1 (231 21.8 209 202 198 19.6 19.5 194 192 .. N083p7
243 (222 202 187 174 165 16.1 158 155 153 .. N083p7
24.3 | 243 23.0 22.0 21.3 20.8 20.7 20.5 204 20.2 ~.\. N083p7

Plate, Sheet, and Strip
229 | 213 20.8 20.5 20.2 199 198 19.6 194-19.1 18.7 16.0 106 7.0 4.5 3.0 2.2 2.0 N066P0 B168
229 (229 229 229 229 229 229 229 229 229 224 160 106 7.0 4.5 3.0 2.2 2.0 N066pP0
233 (221 215 213 213 212 21.1_2%0 208 20.5 20.1 19.7 193 145 103 7.2 5.8 55  NO066DP0
23.3 (233 233 233 233 233 233233 233 233 233 233 233 145 103 7.2 58 55  NO066pP0

233 (208 19.2 181 17.2 166 j164 162 16.0 159 158 15.7 156 155 154 154 153 153 NO66[l7 B168
233 (233 233 233 233-.225 221 219 217 215 213 212 21.0 209 209 208 20.7 181 NO66|L7
23.3 | 23.3 23.3 23.3 231WV229 229 228 227 22,6 225 222 165 11.6 9.0 6.5 4.5 3.0 N066P0
233 1211 199 19.1 186 184 184 184 184 184 184 183 165 11.6 9.0 6.5 4.5 3.0 N066P0

20.0 | 185 178.17.2 168 163 16.1 159 157 155 153 151 149 147 145 13.0 9.8 6.6  N088D0 B409
20.0 | 20.0 _20,0M 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 17.0 130 9.8 6.6 N088PO0
16.7 | 154144 13.6 129 122 119 116 114 111 109 10.7 10.5 104 102 10.0 9.3 7.4  NO88JLO
16.7 | 167 16.7 16.7 16.7 16.5 16.1 15.7 153 15.0 14.7 145 142 140 138 116 9.3 7.4 NOSBEO

233 214 203 194 185 178 175 173 172 17.0 .. N08825 B424
233 233 233 233 233 233 233 233 232 230 .. N08825

286 25.6 231 21.3 20.1 193 189 187 184 182 180 178 17.6 175 173 171 169 13.6 R30556 B435
28.6 28.6 28.0 27.1 264 26.0 25.6 252 249 24.6 243 241 238 236 233 212 170 13.6 R30556

26.7 249 23.6 226 218 21.1 208 20.6 203 20.1 20.0 19.8 19.7 19.5 194 194 N06625 B443
314 314 314 308 30.2 29.7 294 29.1 289 28.6 283 28.0 27.7 274 270 266 N06625
343 343 343 33.6 329 324 321 318 315 31.2 309 30.6 303 299 295 29.0 N06625
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Table A-4
Nickel and High Nickel Alloys (Cont’d)

Specified Specified

UNS Minimum Minimum E

Spec. Alloy Temper or Nominal P- Tensile, Yield, or

No. No. Condition Composition No. Notes ksi ksi F

Plate, Sheet, and Strip
B463 N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 @8] 80 35 1.00
N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 (1) (12) 80 35 1{00
B575 N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (12) 100 45 100
N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (2) (12) 100 45 1j00
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (12) 100 41 1j00
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 1j00
B625 N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 1) 87 43 1/00
N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 1) @) 87 43 1/00
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (19) (20) 94 43 1j00
N08926  Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (2) (19) (20) 94 43 1{oo
B688 N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (7) (A1) (22) 95 45 1{00
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (A (11) (22) 95 45 1joo
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (197 (10) (21) 100 45 1{00
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (7) (10) (21) 100 45 1/00
Bars, Rods| Shapes, and Forgings

B166 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (7) 95 35 100
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 2) (7 95 35 1{00
N06690 Annealed 58Ni-29Cr-9Fe 43 7N 85 35 1j00
N06690 Annealed 58Ni-29Cr-9Fe 43 2) (7 85 35 1j00
B408 N08800 Annealed Ni-Cr-Fe 45 @) 75 30 1j00
N08800 Annealed Ni-Cr-Fe 45 2) (7 75 30 1j00
N08810 Annealed Ni-CrfFe 45 (7) 65 25 1{00
N08810  Annealed NidCrsFe 45 (2) (1) 65 25 1loo
B425 N08825 Annealed Ni-Fe-Cr-Mo-Cu 45 (7) 85 35 1{00
N08825 Annealed Ni-Fe-Cr-Mo-Cu 45 2) (™ 85 35 1{00
B446 N06625  Sol. anh, Ni-Cr-Mo-Cb 43 (14) (18) 100 40 1j00
N06625 Annealed Ni-Cr-Mo-Cb 43 (2) (14) (16) 110 50 1{00
N06625 (Annealed Ni-Cr-Mo-Cb 43 (2) (14) (15) (17) 120 60 1{00
B462 N08020™  Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 1 80 35 1j00
N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 1@ 80 35 1{00
B473 N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 @8] 80 35 1.00
N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 1) @) 80 35 1.00
B564 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 @) 95 35 1.00
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 2) (7 95 35 1.00
N06625 Annealed Ni-Cr-Mo-Cb 43 (2) (14) (16) 110 50 1.00
N06625 Annealed Ni-Cr-Mo-Cb 43 (2) (14) (15) (17) 120 60 1.00
B564 N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (22) 95 45 1.00
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8) (22) 95 45 1.00
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Table A-4
Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS
Alloy Spec
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.

Plate, Sheet, and Strip (Cont’d)

229 206 19.7 189 182 17.7 175 174 172 168 .. N08020 B463
229|229 229 226 222 221 221 220 219 218 .. NO8O0R0
28.6 | 28.6 282 27.2 265 26.0 258 25.6 254 253 .. N060R2  B575
28.6 | 28.6 28.2 272 265 260 258 25.6 254 253 .. NO060R2
273 (249 23.0 213 199 188 182 178 174 171 168 16.7 16.5 16.5 N102f6
27.3 (273 273 273 269 252 246 24.0 235 231 228 226 224 223 N102f6
249 | 232 213 198 183 173 17.0 169 169 169 .. NO89R5 B625
249 | 249 239 23.0 221 214 211 208 204 201 .. N089R5
269 (241 215 19.7 187 180 17.7 175 174 .. N089R6
269 | 269 26.2 24.8 23.7 228 224 220 216 .. N089R6
271 | 26.2 238 219 205 194 19.0 18.6 183 18.0 .. N083p7 B688
27.1 | 271 25.7 24.6 238 233 231 229 228 226 .. N083p7
28.6 | 26.2 238 219 20.5 194 19.0 186 183 18.0 .. N083p7
28.6 | 28.6 27.0 258 25.0 24.5 243 241 24.0 238 .. N083p7

Bars, Rods, Shapes, and Forgings
2331208 19.2 181 172 166 164 16.2 160 159 15@);15.7 15.6 155 154 154 153 15.3 NO66[L7 B166
23.3 (233 233 233 233 225 221 219 217 215 213 21.2 21.0 209 209 208 20.7 181 NO66[L7
23.3 (233 233 233 231 229 229 228 227 2267225 222 165 116 9.0 6.5 4.5 3.0 N066P0
233 (211 199 191 186 184 184 184 184184 184 183 165 116 9.0 6.5 4.5 3.0 N066pP0

20.0 (185 178 17.2 168 163 16.1 159 5.7 155 153 151 149 147 145 13.0 9.8 6.6  N088D0 B408
20.0 | 20.0 20.0 20.0 20.0 20.0 20.0 _20.0 °20.0 20.0 20.0 20.0 20.0 199 17.0 13.0 9.8 6.6  N088PO0
16.7 | 154 144 13.6 129 122 119\M.6 114 111 109 10.7 10.5 104 102 10.0 9.3 7.4 NOSSEO

16.7 | 16.7 16.7 16.7 16.7 16.5 164 15.7 153 150 14.7 145 142 140 138 11.6 9.3 7.4 NO88JLO
23.3 (214 203 194 185 A78~ 175 173 172 170 .. NO88R5 B425
233|233 233 233 233 233 233 233 232 230 .. N088R5
26.7 | 249 23.6 22.6,21.8 21.1 20.8 20.6 203 20.1 20.0 19.8 19.7 195 194 194 NO66R5 B446
314 | 314 314 80.8 30.2 29.7 294 29.1 289 28.6 283 28.0 27.7 274 270 266 N066R5
34.3 [ 343 343 '83.6 329 324 321 318 315 31.2 309 30.6 303 299 295 29.0 N066R5
229 | 206.+19.7 189 182 17.7 175 174 172 168 .. NO8ORO  B462
229 | 2209 22.6 222 221 221 220 219 218 218 .. NO80RO
229 206 19.7 189 182 17.7 175 174 172 168 .. N08020 B473
229 229 226 222 221 221 220 219 218 218 .. N08020

233 208 19.2 181 17.2 16.6 164 16.2 16.0 159 158 15.7 156 155 154 154 153 153 NO06617 B564
233 233 233 233 233 225 221 219 217 215 213 212 21.0 209 209 208 20.7 181 N06617

314 314 314 308 30.2 29.7 294 29.1 289 28.6 283 28.0 27.7 274 270 266 N06625
343 343 343 33.6 329 324 321 318 315 31.2 309 30.6 303 299 295 29.0 N06625
271 262 238 219 205 194 19.0 186 183 18.0 .. N08367 B564
271 271 25.7 246 238 233 231 229 228 226 .. N08367
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Table A-4
Nickel and High Nickel Alloys (Cont’d)
Specified Specified
UNS Minimum Minimum E
Spec. Alloy Temper or Nominal P- Tensile, Yield, or
No. No. Condition Composition No Notes ksi ksi F
Bars, Rods, Shapes, and Forgings
N08800 Annealed Ni-Cr-Fe 45 75 30 1.00
N08800 Annealed Ni-Cr-Fe 45 (2) 75 30 1.00
N08810 Annealed Ni-Cr-Fe 45 65 25 1{00
N08810 Annealed Ni-Cr-Fe 45 (2) 65 25 1{00
B572 R30556  Annealed Ni-Fe-Cr-Co-Mo-W 45 (@8] 100 45 1{00
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 1) (2) 100 45 1j00
B574 N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (12) 100 45 1{00
N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (2) (12) 100 45 1{00
N10276  Sol. ann. Low C-Ni-Mo-Cr 43 (12) 100 41 1j00
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 1j00
B649 N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 (D 87 43 100
N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 (1) (2) 87 43 1j00
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C (1 94 43 1j00
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C &) (2) 94 43 1/00
B691 N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (22) 95 45 1{00
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8) (22) 95 45 1{00
Seamless Fjittings
B366 N06022  Sol. ann. Low C-Ni-Mo-Cr 44 (12) 100 45 1j00
N06022  Sol. ann. Low C-Ni-Mo+Cr 44 (2) (12) 100 45 1{00
N06625 Annealed Ni-Cr-Mo«Cb 43 (14) 110 50 1{00
B366 N08020 Annealed Cr+{Ni-Fe-Mo-Cu-Cb 45 (@8] 80 35 1j00
N08020 Annealed Cr;-Ni-Fe-Mo-Cu-Cb 45 1) (2 80 35 1j00
N08367 Annealed Fe-Ni-Cr-Mo-N 45 (1) (8) (22) 95 45 1j00
N08367 Annealed Fe-Ni-Cr-Mo-N 45 (1) (2) (8) (22) 95 45 1{00
B366 N08925 Annéaled Low C-Ni-Fe-Cr-Mo-Cu 45 (1) 87 43 1j00
N08925 Amnnealed Low C-Ni-Fe-Cr-Mo-Cu 45 1 @) 87 43 1100
N08926 \\ Aninealed Low C-Ni-Fe-Cr-Mo-Cu-N 45 1) 94 43 1100
N08926" Annealed Low C-Ni-Fe-Cr-Mo-Cu-N 45 (D (2) 94 43 100
B366 N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (12) 100 41 1.00
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 1.00
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 1) 100 45 1.00
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 1 @) 100 45 1.00
B462 N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (8) (22) 95 45 1.00
N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (2) (8) (22) 95 45 1.00
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Table A-4
Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS
Alloy Spec
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.

Bars, Rods, Shapes, and Forgings (Cont’'d)
20.0 185 178 172 168 163 16.1 159 157 155 153 151 149 147 145 130 9.8 6.6  N08800
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 170 13.0 9.8 6.6  N08800
16.7 | 154 144 13.6 129 122 119 116 114 11.1 109 10.7 105 104 102 10.0 9.3 7.4 NOBSEO
16.7 | 16.7 16.7 16.7 16.7 16.5 161 15.7 153 150 14.7 145 142 140 138 11.6 9.3 7.4 _NO88JLO

28.6 | 25.6 23.1 213 201 19.3 189 187 184 182 180 178 176 175 173 171 169 136 R305p6 B572
28.6 | 28.6 28.0 27.1 264 26.0 25.6 252 249 246 243 241 238 23.6 233 212 170, 36 R305p6

28.6 | 229 229 22.6 222 221 221 22.0 219 218 .. NO060R2 B574
28.6 | 28.6 282 27.2 265 26.0 258 25.6 254 253 .. NO60p2
273 1249 23.0 213 199 188 182 178 174 17.1 169 16.7 16.6 16.5 N102f6
27.3 (273 273 273 269 252 246 24.0 235 231 228 226 224 223 N102f6
249|232 213 198 183 173 17.0 169 169 169 .. NO89R5 B649
249 1249 239 23.0 221 214 211 208 204 20.1 .. NO089R5
269 | 241 21.5 19.7 18.7 18.0 17.7 175 174 .. N089R6
269 | 269 26.2 248 23.7 228 224 22.0 216 .. N089R6
271 | 26.2 238 219 205 194 19.0 18.6 183 18.0 .. N083p7 B691
27.1 | 271 25.7 24.6 238 233 231 229 228 22,6 N083p7

Seamlgss Fittings

28.6 | 26.7 24.6 229 215 204 20.0 19.6 193,190 .. NO060R2  B366
28.6 | 28.6 28.2 272 265 260 258 25.6 (254 253 .. NO60R2
314|314 314 308 30.2 29.7 294 29.1.289 28.6 283 28.0 27.7 274 270 266 N066R5
229 | 20.6 19.7 189 182 17.7 4757174 172 168 .. NO8ORO  B366
229|229 226 222 221 224 ,22.0 219 218 218 .. NO080RO0
271 (26.2 238 219 205 194 19.0 18.6 183 18.0 .. N083p7
27.1 | 271 25.7 24.6 23.8\,233 23.1 229 228 226 .. N083p7
249 | 232 213 10.8)*183 173 17.0 169 169 169 .. NO89R5 B366
249 | 249 23,0523.0 221 214 211 208 204 201 .. NO089R5
269 (241 215719.7 187 180 17.7 175 174 .. N089R6
269 | 2689.~26.2 248 23.7 228 224 220 216 .. NO089R6
273 249 23.0 213 199 188 182 178 174 17.1 169 16.7 16.6 16.5 N10276 B366
273 273 273 273 269 252 246 24.0 235 231 228 226 224 223 N10276

28.6 25.6 231 213 201 193 189 187 184 182 180 178 176 175 173 171 169 136 R30556
28.6 28.6 28.0 27.1 264 260 25.6 252 249 24.6 243 241 238 236 233 212 170 136 R30556

271 26.2 238 219 205 194 19.0 186 183 18.0 .. N08367 B462
271 271 25.7 24.6 238 233 23.1 229 228 226 .. N08367
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Table A-4
Nickel and High Nickel Alloys (Cont’d)
Specified Specified
UNS Minimum Minimum E
Spec. Alloy Temper or Nominal P- Tensile, Yield, or
No. No. Condition Composition No. Notes ksi ksi F
Welded Fittings
B366 N06022  Sol. ann. Low C-Ni-Mo-Cr 44 (12) 100 45 0.85
N06022  Sol. ann. Low C-Ni-Mo-Cr 44 (12) (13) 100 45 1.00
N06022  Sol. ann. Low C-Ni-Mo-Cr 44 (2)(12) 100 45 0lss
N06022  Sol. ann. Low C-Ni-Mo-Cr 44 (2) (12) (13) 100 45 1{oo
N06625 Annealed Ni-Cr-Mo-Cb 43 (14) 110 50 0J85
N06625 Annealed Ni-Cr-Mo-Cb 43 (13) (14) 110 50, 1/00
B366 N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 @8] 80 35 0{85
N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 (1) (13) 80 35 1{00
N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 (D (2) 80 35 0[85
N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 (1) (2) (13) 80 35 1/00
B366 N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (8) (22) 95 45 0{85
N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (8) (13) (22) 95 45 1{00
N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (2) (8) (22) 95 45 olss
N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1(2)M8) (13) (22) 95 45 1joo
B366 N08925 Annealed Low C-Ni-Fe-Cr-Mo-Cu 45 (1) 87 43 0J85
N08925 Annealed Low C-Ni-Fe-Cr-Mo-Cu 45 (1) (13) 87 43 1/00
N08925  Annealed Low C-Ni-Fe-Cr-Mo-Cu 45 (1) (2) 87 43 olss
N08925 Annealed Low C-Ni-Fe-Cr-Mo-Cu 45 (1) (2) (13) 87 43 1{00
B366 N08926 Annealed Low C-Ni-Fe-CrzMo+Cu-N 45 (1) (19) (20) 94 43 0{85
N08926  Annealed Low C-Ni-Fe-Cr-Mo-Cu-N 45 (1) (13) 94 43 1{00
N08926  Annealed Low C-Nis«Fe-Cr-Mo-Cu-N 45 (1) (2) (19) (20) 94 43 0J85
N08926 Annealed Low C-Ni=Fe-Cr-Mo-Cu-N 45 (1) (2) (13) 94 43 1loo
B366 N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (12) 100 41 0{85
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (12) (13) 100 41 1j00
N10276  Sol. ann. Low C-Ni-Mo-Cr 43 () (12) 100 41 olss
N10276  Sol. anp Low C-Ni-Mo-Cr 43 (2) (12) (13) 100 41 1{o0
B366 R30556 Amnealed Ni-Fe-Cr-Co-Mo-W 45 €8] 100 45 0{85
R30556 \\ Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (13) 100 45 1100
R30556" Annealed Ni-Fe-Cr-Co-Mo-W 45 (D (2) 100 45 0J85
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (2) (13) 100 45 100
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Table A-4
Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS
Alloy Spec
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.
Welded Fittings
243 227 209 194 183 174 17.0 16.7 164 162 .. N06022 B366
28.6 26.7 24.6 229 215 204 20.0 19.6 193 19.0 .. N06022
243 | 243 239 231 226 221 219 218 216 215 .. NO60R2
28.6 | 28.6 282 27.2 265 26.0 258 25.6 254 253 .. NO60pR2
26.7 | 26.7 26.7 262 25.7 252 25.0 247 24.6 243 241 238 235 233 23.0 226 N066R5
314 (314 314 308 302 29.7 294 291 289 286 283 28.0 27.7 274 27.0 266 NO66R5
19.4 | 17.5 168 16.1 155 15.0 149 148 146 143 .. NO8ORO B366
229 | 20.6 19.7 189 182 17.7 175 174 172 168 .. NO080RO0
19.4 1194 19.2 188 188 188 187 186 185 185 .. NO80RO
229 (229 22,6 222 221 221 220 219 218 218 .. NO80RO
231 (222 202 187 174 165 16.1 158 155 153 .. N083p7 B366
27.1 | 26.2 238 219 205 194 19.0 186 183 18.0 .. N083p7
23.1 (231 21.8 209 202 198 19.6 19.5 194 192 .. N083p7
271 (271 25.7 24.6 238 233 231 229 228 226 .. N083p7
21.1 (19.7 181 16.8 156 147 144 144 144 144 .. NO89R5 B366
249 (232 213 198 183 173 17.0 169 169 169 .. NO089R5
21.1 | 211 204 19.5 188 182 179 17.7 174 17.0 NO089R5
249 (249 239 23.0 221 214 211 20.8 204 20.j .. N089R5
229 (205 183 16.7 159 153 15.0 149 148 .. NO89R6 B366
269 | 241 21.5 19.7 18.7 18.0 17.7 175 (174 .. N089R6
2291229 223 211 201 194 19.0 18.7.184 .. N089R6
269 (269 26.2 248 23.7 228 224~220 216 .. N089R6
23.2 (212 19.6 181 169 160 ,155 151 148 145 144 142 141 14.0 N102f6 B366
27.3 (249 23.0 213 199 (188 182 178 174 171 169 16.7 16.6 16.5 N102f76
23.2 | 23.2 23.2 232 229,214 209 204 200 19.6 194 19.2 19.0 19.0 N102f6
273 (273 273 2737269 252 246 24.0 235 231 228 22.6 224 223 N102f76
243 218 19,6181 17.1 164 16.1 159 157 155 153 152 150 148 147 145 144 116 R305p6 B366
28.6 | 25.6 (231213 20.1 193 189 187 184 182 180 178 176 175 173 171 169 136 R305p6
24.3 | 248238 23.0 225 221 217 214 211 209 20.7 205 202 200 198 180 144 11.6 R305p6
28.6 | 286" 28.0 27.1 264 26.0 25.6 252 249 24.6 243 241 238 236 233 212 170 13.6 R305p6
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Table A-4
Nickel and High Nickel Alloys (Cont’d)

GENERAL NOTES:

(a) The tabulated specifications are ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.

(b) The stress values in this table may be interpolated to determine values for intermediate temperatures.

(c) The P-Numbers indicated in this table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, and
welding operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.

(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

(e) Thematerialslisted in this table shall not be used at design temperatures above those for which allowable stress values are given herein orin
Table[A-8.

(f) Thetapulated stress values are S x E (weld joint efficiency factor) or S x F (material quality factor), as applicable. Weld joint efficieney factors
are sjown in Table 102.4.3-1.

(g) Pressyre-temperature ratings of piping components, as published in standards referenced in this Code, may be used’ for comppnents
meetifg the requirements of those standards. The allowable stress values given in this table are for use in designing piping components that
are ngt manufactured in accordance with referenced standards.

(h) The y|coefficient = 0.4 except where Note (7) applies (see Table 104.1.2-1).

(i) The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength govern the
select]on of stresses.

()  See para. 124.1.2 for lower temperature limits.

NOTES:

(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.1.2-]10.

(2) Duetdtherelatively lowyield strengths of these materials, these higher allowable stress valués were established at temperatures where the
short fime tensile properties govern to permit the use of these alloys where slightly greaténdeformation is acceptable. These stress|values
exceedl 67% but do not exceed 90% of the yield strength at temperature. Use of these/values may result in dimensional changes|due to
permdnent strain. These values should not be used for flanges of gasketed joints or other applications where slight amounts of distortjon can
cause |leakage or malfunction.

(3) The mjaximum temperature is limited to 500°F because harder temper adversely affects design stress in the creep rupture tempgrature
range

(4) These|values may be used for plate material only.

(5) These|values apply to sizes NPS 5 and smaller.

(6) These|values apply to sizes larger than NPS 5.

(7) See Table 104.1.2-1 for y coefficient value.

(8) Heat treatment after forming or welding is neither required ner prohibited. However, if heat treatment is applied, the solution anpealing
treatnpent shall consist of heating to a minimum temperatute of 2,025°F and then quenching in water or rapid cooling by other means.

(9) These|values apply to thickness less than % in.

(10) These|values apply to thickness from ¥ in. up to‘and including ¥, in.

(11) These|values apply to thickness more than ¥in.

(12) All filler metal, including consumable insert material, shall comply with the requirements of ASME BPVC, Section IX.

(13) These|values (E = 1.00) apply only to €lass/WX or Class WU fittings (all welds radiographed or ultrasonically examined).

(14) This alloy is subject to severe loss of impact strength at room temperature after exposure in the range of 1,000°F to 1,400°F.

(15) The mlinimum tensile strength of reduced tension specimens in accordance with ASME BPVC, Section IX, QW-462.1 shall not be le§s than
110,000 psi.

(16) These|values apply to material with a thickness of greater than 4 in. prior to machining or fabricating.

(17) These|values apply to material with a maximum thickness of 4 in. prior to machining or fabricating.

(18) For sqrvice at 1,200°F-or, higher, the deposited weld metal shall be of the same nominal chemistry as the base metal.

(19) Heattfeatment afterfabrication and forming is neither required nor prohibited. If heat treatment is performed, the material shall be heated
for a jufficient time,in the range of 2,010°F to 2,100°F followed by quenching in water or rapid cooling by another means.

(20) Weldipg electrodes or filler metal used for welding UNS N08926 shall conform to ASME SFA-5.11 ENiCrMo-3 or ENiCrMo-4, or ASME SFA-
5.14 HRNi€CtMeo-3 or ERNiCrMo-4.

(21) These|values apply to thicknesses % in. or less.

(22) Theselvatres-apply—to-thickmessesgreater—tham 4z

(23) These values apply to seamless pipe and tubing with outside diameter 5 in. and under.
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Table A-5
(24) Cast Iron
Specified Specified E
Minimum Minimum or
Spec. No. Class Notes Tensile, ksi Yield, ksi F
Gray Cast Iron
A48 20 MmEAABW 20
25 MmEABW 25
= o -+
35 M@ B MW 35
40 ME@EMW 40
45 ME@E@W 45
50 M@AB@W 50
55 ME@B W 55
60 ME@E@®W 60
Al26 A 2)B3)@™WMmM 21
B 2)BM@® ™ 31
C 2)B)® ™ 41
A2Z78 20 2) @) (5 20
25 2y @) (5 25
30 2) @) (5 30
35 2) @) (5 35
40 2) 4) (5) 40
45 2y @) (5 45
50 2y @ (5 50
55 2y (@ (5 55
60 2y (@) (5) 60
Ductile Cast Iron
A395 60-40-18 (©6)\(8) 60 40 0.80
65-45-15 (6) (8) 65 45 0.80
Aj36 60-42-10 (1)@’ 60 42 0.80
70-50-05 (1) (8) 70 50 0.80
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Table A-5
Cast Iron

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,

°F, Not Exceeding

400 450 500 600 650 Class Spec. No.
Gray Cast Iron

2.0 20 A48

2.5 25

30 20

3.5 35

4.0 40

4.5 45

5.0 50

5.5 55

6.0 60

2.1 A A124

3.1 B

4.1 C

2.0 2.0 20 A279

2.5 2.5 25

3.0 3.0 30

3.5 3.5 35

4.0 4.0 40

45 4.5 45

5.0 5.0 50

5.5 5.5 55

6.0 6.0 60

Ductile ¢ast Iron

9.6 9.6 9.6 9.0 8.5 60-40-18 A395
10.4 10.4 65-45-15

9.6 9.6 9.6 9.0 8.5 60-42-10 A534
11.2 11.2 11.2 10.5 10.0 70-50-05
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Table A-5
Cast Iron (Cont’d)

GENERAL NOTES:

(a) The tabulated specifications are ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section Il

(b) The stress values in this table may be interpolated to determine values for intermediate temperatures.

(c) Cast iron components shall not be welded during fabrication or assembly as part of the piping system.

(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

(e) The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given.

(f) Thetabulated stress values for ductile castiron materials are S x F (material quality factor). Material quality factors are not applicable to other
types (;r cast iron.

(g) Pressure-temperature ratings of piping components, as published in standards referenced in this Code, may be used for components'jeeting
the reqpiirements of those standards. The allowable stress values given in this table are for use in designing piping components,tiiat fire not
manufactured in accordance with referenced standards.

(h) See parja. 124.1.2 for lower temperature limits.

NOTES:

(1) THIS MATERIAL IS NOT ACCEPTABLE FOR BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH/100.1.2-10.

(2) Materiql quality factors are not applicable to these materials.

(3) For satfirated steam at 250 psi (406°F), the stress values given at 400°F may be used.

(4) For limjtations on the use of this material, see para. 124.4.

(5) This material shallnotbe used where the design pressure exceeds 250 psig[1 725 kPa (gage)] or where the design temperature exceedg 450°F
(230°C).

(6) This mdterial shall not be used for boiler external piping where the design pressure exceeds 350 psig [2 415 kPa (gage)] or where the|design
temperfture exceeds 450°F (230°C).

(7) Piping Jomponents conforming to either ASME B16.1 or ASME B16.4 may be used for boiler external piping, subject to all the requiremlents of
the parficular standard.

(8) For limjtations on the use of this material, see para. 124.6.
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Table A-6
Copper and Copper Alloys
Size or Specified Specified E
Spec. Temper or  Thickness, P- Minimum Minimum or
No. UNS Alloy No. Condition in. No. Notes Tensile, ksi  Yield, ksi F
Seamless Pipe and Tube
B42 C€10200, C12000, C12200 Annealed 31 (2) 30 9 1.00
C€10200, C12000, C12200 Drawn 2 & under 31 (2)4) 45 40 1.00
€10200, C12000, C12200 Drawn Over 2to 12 31 (2) (4) 36 30 1.00
B43 £23000 Annealed 31 (2) 40 12 1.00
£23000 Drawn 31 (2)4) 44 18 1.00
B68 £10200, C12000, C12200 Annealed 31 (1) 30 9 1.00
B75 £10200, C12000, C12200 Annealed 31 (2) 30 9 1.00
£10200, C12000, C12200 Light drawn 31 (2)4) 36 30 1.00
£10200, C12000, C12200 Hard drawn 31 (2)4) 45 40 1.00
B88 £12000, C12200 Annealed 31 (1) 30 9 1.00
£12000, C12200 Drawn 31 (@) 36 30 1.00
B111 £10200, C12000 Light drawn 31 (1) 3) 36 30 1.00
£10200, C12000 Hard drawn 31 (1) (3) 45 40 1.00
£12200, C14200 Light drawn 31 (1)¢3) 36 30 1.00
£12200, C14200 Hard drawn 30CN1) (3) 45 40 1.00
B111 £23000 Annealed 32 (1) 40 12 1.00
£28000 Annealed 32 (2) 50 20 1.00
£44300, C44400, C44500 Annealed 32 (2) 45 15 1.00
60800 Annealed 35 (1) 50 19 1.00
B111 £68700 Annealed 32 (1) 50 18 1.00
£70400 Annealed 34 (1) 38 12 1.00
£70400 Light drawn 34 (1)@ 40 30 1.00
B111 70600 Annealed 34 (2) 40 15 1.00
£71000 Annealed 34 (2) 45 16 1.00
£71500 Annealed 34 (2) 52 18 1.00
B280 £12200 Annealed 31 (1) 30 9 1.00
£12200 Drawn 31 (1)@ 36 30 1.00
B302 £12200 Drawn 31 (1) (3) 36 30 1.00
B315 61300 _CA1400 Annealed 35 (1) A8 28 1.00
B466 C70600 Annealed 34 (1) 38 13 1.00
C71500 Annealed 34 (1) 52 18 1.00
B706 €69100 Precipitation ... - (3O 60 3 1.00
Hardened
Welded Pipe and Tube
B467 C70600 Annealed 4% &under 34 (1) 40 15 0.85
C70600 Annealed Over 4% 34 (1) 38 13 0.85
C71500 Annealed 4% &under 34 (1) 50 20 0.85
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Table A-6
Copper and Copper Alloys

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 UNS Alloy No. No.
Seamless Pipe and Tube
60 51 49 48 47 40 30 .. ... €10200, C12000, C12200 B42
129 129 129 129 125 118 43 .. ... €10200, C12000, C12200
103 103 103 103 100 9.7 94 .. .. C10200, C12000, C12200
80| 80 80 80 80 70 50 20 @ .. .. C23000 B43
80| 80 80 80 80 70 50 20 @ .. .. C23000
60| 51 49 48 47 40 30 .. ... €10200, €12000, C1220p B68
60| 51 49 48 47 40 30 .. .. €10200, C12000, C1220p B75
103 | 10.3 103 103 100 9.7 94 .. .. 1€10200, C12000, C1220p
129 1129 129 129 125 118 43 .. £.~~C10200, C12000, C1220p
60| 51 49 48 47 40 30 .. ... €10200, C12000, C1220p B88
103 1103 103 103 100 9.7 94 .. .. €10200, C12000, C1220p
103 103 103 103 100 9.7 94 .. ... €10200, C12000 B111
129 | 129 129 129 125 118 43 .. ... €10200, C12000
103 103 103 103 100 9.7 94 .. .. C12200, C14200
129 1129 129 129 125 118 43 .. .. C12200, C14200
80| 80 80 80 80 70 50 20 .. .. €23000 B111
133|133 133 133 133 108 53 .. .. €28000
10.0 | 10.0 10.0 100 100 98 35 20 .. .. C44300, C44400, C4450p
12.7 1 12.2 122 122 120 100 60 40 20 .. .. €60800
12.0 | 119 118 117 117 65 33 A8 .. .. €68700 B111
80| 80 .. .. C70400
114 |1 114 .. .. C70400
100 97 95 93 90 (88 87 85 80 70 60 .. .. C70600 B111
10.7 | 10.6 10.5 104 102\._101 99 96 93 89 84 77 70 .. .. C71000
120 | 116 113 11.0_T08 105 103 101 99 98 96 95 94 .. .. C71500
60| 51 49 (48 47 40 30 .. .. C12200 B280
103 ] 10.3 10.3%=103 100 9.7 94 .. .. C12200
103 | 10.3-%30.3 103 100 9.7 94 .. .. C12000, C12200 B302
186 L1886 185 183 182 181 179 175 170 61300 _CA1400 B315
87 84 82 80 78 77 75 74 73 70 60 .. .. C70600 B466
120 116 113 11.0 108 105 103 101 99 98 96 95 94 .. .. C71500
171 171 171 171 171 171 171 .. €69100 B706

Welded Pipe and Tube

85 83 81 79 77 75 74 72 63 57 43 . .. C70600 B467
74 72 70 68 67 65 64 63 62 57 43 .. .. C70600
11.3 109 107 104 102 100 97 96 94 92 91 .. .. C71500
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Table A-6
Copper and Copper Alloys (Cont’d)
Size or Specified Specified E
Spec. Temper or  Thickness, P- Minimum Minimum or
No. UNS Alloy No. Condition in. No. Notes Tensile, ksi  Yield, ksi F
Welded Pipe and Tube
C71500 Annealed Over 4%, 34 (1) 45 15 0.85
B608 C€61300, C61400 Annealed 35 (1) (6) 70 30 0.80
Plate
B171 £70600 Annealed 2% & under 34 (1) 40 15 1.00
£70600 Hot rolled 2% & under 34 (1) 40 15 1.00
£71500 Annealed 2% & under 34 (1) 50 20 1.00
[71500 Annealed Over2%to5 34 (1) 45 18 1.00
Rod
B16 £36000 Annealed 1 & under 2)3) (M6 48 20 1.00
£36000 Annealed Over 1 to 2 2) (3) (/) (8) 44 18 1.00
£36000 Annealed Over 2 2) 3) (7) (8) 40 15 1.00
B151 71500 Annealed Over 1 34 (1) 45 18 1.00
B453 £35300 Annealed Under % 2) (3) (7) (8) 46 16 1.00
£35300 Annealed Y to 1 (2) 3) (7) (8) 44 15 1.00
35300 Annealed Over 1 2) 3) (/) (8) 40 15 1.00
Bar
B16 £36000 Annealed 1 &(under 2)3) (™M ® 44 18 1.00
[36000 Annealed Qver 1 2) (3) (7) (8) 40 15 1.00
Die Forgings (Hot Pressed)
B283 £37700 As forged 1% & under M3 50 18 1.00
37700 As forged Over 1% (M3 46 15 1.00
Castings
B61 £92200 As cast 34 16 0.80
B62 £83600 As cast 30 14 0.80
B148 £95200 As cast 35 (1) 65 25 0.80
[95400 As cast 35 (1) (5) 75 30 0.80
B584 €92200 As cast 34 16 0.80
C€93700 As cast 3) 30 12 0.80
C97600 As cast 3 40 17 0.80
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Table A-6
Copper and Copper Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

100 150 200 250 300 350

400 450 500 550 600 650 700 750 800

UNS Alloy No.

Spec.
No.

8.5

16.0

10.0
10.0
13.3
12.0

13.3
12.0
10.0

10.7
10.0
10.0

12.0
10.0

12.0

10.0

7.8

6.9

13.4
16.0

7.8
6.4
6.0

Welded Pipe and Tube (Cont’d)

82 80 78 76 75 73 72 70 69 68 C71500
159 158 15.7 15.6 155 154 15.1 14.6 €61300, C61400 B608
Plate
97 95 93 90 88 87 85 80 70 60 C70600 B171
97 95 93 90 88 87 85 80 70 60 .. C70600
129 126 123 120 11.7 115 112 11.0 108 10.7 106 104 C71500
11.6 113 11.0 108 105 103 101 99 98 96 95 94 C71500
Rod
126 120 115 111 107 53 20 C36000 B16
11.3 108 104 100 9.7 53 20 C36000
94 90 87 83 81 53 20 C36000
116 113 110 108 105 103 101 99 98 9.6 955 94 C71500 B151
101 96 92 89 86 53 20 C35300 B453
94 90 87 83 81 53 20 C35300
94 90 87 83 81 53 20 C35300
Bar
11.3 108 104 100 9.7 53 20 C36000 B16
94 90 87 83 81 53 20 C36000
Die Forgings (Hot Pressed)
11.3 108 C37700 B283
94 9.0 C37700
Castings
78 78 78_\78 78 66 62 58 40 €92200 B61
69 69 .69 66 65 55 54 €83600 B62
12.6 122 118 116 114 114 114 114 94 59 €95200 B148
1527)15.0 148 148 148 148 128 11.1 88 6.8 €95400
78 78 78 78 78 66 62 58 40 €92200 B584
59 55 53 53 52 51 €93700
58 56 55 54 C97600
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Table A-6
Copper and Copper Alloys (Cont’d)

GENERAL NOTES:

(a) The tabulated specifications are ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.

(b) The stress values in this table may be interpolated to determine values for intermediate temperatures.

(c) TheP-Numbers listed in this table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, and welding
operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.

(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

(e) The materialslisted in this table shall not be used at design temperatures above those for which allowable stress values are given. However,
for sr:tlrated steam at 250 psi1 (406°F), the allowable stress values given for 400°F may be used.

(f) Thetapulated stress values are S x E (weld joint efficiency factor) or S x F (material quality factor), as applicable. Weld joint efficieney factors
are sjown in Table 102.4.3-1.

(g) Pressjre-temperature ratings of piping components, as published in standards referenced in this Code, may be used' for comppnents
meetipg the requirements of those standards. The allowable stress values given in this table are for use in designing piping components that
are ngt manufactured in accordance with referenced standards.

(h) For limitations on the use of copper and copper alloys for flammable liquids and gases, refer to paras. 122:7, 122.8, and 124.7.

(i) The y|coefficient = 0.4 (see Table 104.1.2-1).

(j)  The tabulated stress values that are shown in italics are at temperatures in the range where creep and stteSsfupture strength govern the
selectjon of stresses.

(k) See para. 124.1.2 for lower temperature limits.

NOTES:

(1) THIS MATERIAL IS NOT ACCEPTABLE FOR BOILER EXTERNAL PIPING — SEE FIGURES 1200.1:2-1 THROUGH 100.1.2-10.

(2) This mdterial may be used for boiler external piping provided that the nominal size does notexceed 3 in. and the design temperature dpes not
exceed ft06°F. This material shall not be used for blowoff or blowdown piping except asqpermitted in para. 122.1.4. Where threaded bjrass or
copper [pipe is used for feedwater piping, it shall have a wall thickness not less tham\that required for Schedule 80 steel pipe of thp same
nominal size.

(3) Welding or brazing of this material is not permitted.

(4)
(5

(6
(7
(8

)

When this material is used for welded or brazed construction, the allowabl€ stress values used shall not exceed those given for thg same
materigl in the annealed condition.
Castingp that are welded or repair welded shall be heat treated at 1,150°F to 1,200°F, followed by moving-air cooling. The required fime at
temperfture is based on the cross-section thicknesses as follows:

(a) 1% hr for the first inch or fraction thereof

(b) ¥ hr for each additional inch or fraction thereof
Welds ghall be made by an electric fusion welding process.involving the addition of filler metal.
Materigl conforming to ASTM B16 alloy C36000 shall'net’be used in primary pressure relief valve applications.
Materidls shall be tested to determine the presence of'residual stresses that might result in failure of individual parts due to stress cogrosion
cracking. Tests shall be conducted in accordance with ASTM B154 or ASTM B858. The test frequency shall be as specified in ASTM B249.
This mjterial shall be used in a precipitation:hardened condition; temper TFO0 in ASTM B706.
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Table A-7
(24) Aluminum and Aluminum Alloys
Specified Specified
Size or Minimum Minimum E
Spec. Thickness, P- Tensile, Yield, or
No. UNS Alloy No. Temper in. No. Notes ksi ksi F

Drawn Seamless Tube

B210 A93003 0 0.010 to 0.500 21 (1) 14 5 1.00
A93003 H14 0.010 to 0.500 21 (1) (3) 20 17 1.00
Alclhd A93003 0 0.010 to 0.500 21 1)@ 13 4.5 1.0p
Alclhd A93003 H14 0.010 to 0.500 21 )3 @ 19 16 1.0p

B210 A95050 0 0.018 to 0.500 21 (1) 18 6 1.0p
Alclhd A95050 0 0.018 to 0.500 21 (1) (8) (13) 17 1.0p
A96061 T4 0.025 to 0.500 23 (1) (6) 30 16 1.0p
A96061 Té6 0.025 to 0.500 23 (1) (6) 42 35 1.0p
A96061 T4, T6 welded 0.025 to 0.500 23 (1) (7) 24 1.0p

Seamless Pipe and Seamless Extruded Tube

B241 A93003 0 All 21 (1) 14 5 1.0p
A93003 H18 Less than 1.000 21 (1) (3) 27 24 1.0p

B241 A93(003 H112 [Note (20)] 21 (1) (3).(2¢) 14 5 1.0p
Alclhd A93003 0 All 21 (1) 4) 13 45 1.0p
Alclpd A93003 H112 All 21 @.03) 4 13 4.5 1.0p

B241 A95083 0 All 257 (1) 39 16 1.0p
A95/083 H112 All 25 (1) (3) 39 16 1.0p
A95454 0 Up thru 5.000 22 (1) 31 12 1.0p
A95¢454 H112 Up thru5(000 22 (1) 31 12 1.0p

B241 A96061 T4 All 23 (1) (6) (9) 26 16 1.0p
A9go61 T6 Pipe < NPS 1 23 M@2G) 42 35 1.0p
A9go61 T6 [Note (10)] 23 (1) (6) (9) (10) 38 35 1.0p
A9go61 T4, T6 welded All 23 M@ O 24 1.0p
A96063 T6 Up thru 1.000 23 (1) (6) 30 25 1.0p
A96063 T5, To.welded Up thru 1.000 23 (1) (7) 17 1.0p

Drawn Seamless Condens$eryand Heat Exchanger Tube

B234 A93003 H14 0.010 to 0.200 21 (1) (2) 20 17 1.0p
Alclpd A93003 H14 0.010 to 0.200 21 M2 @ 19 16 1.0p
A95454 H34 0.010 to 0.200 22 (1) (2 39 29 1.0p

B234 A96061 T4 0.025 to 0.200 23 (1) (6) 30 16 1.00
A96061 T6 0.025 to 0.200 23 (1) (6) 42 35 1.00
A96061 T4, T6 welded 0.025 to 0.200 23 (D™ 24 1.00

Sheet and Plate

B209 A93003 0 0.006 to 3.000 21 (1) 14 5 1.00
A93003 H112 0.250 to 0.499 21 (1) (3 17 10 1.00
A93003 H112 0.500 to 2.000 21 (1) 3) 15 6 1.00

B209 Alclad A93003 0 0.006 to 0.499 21 (1) 4) 13 45 1.00
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Table A-7
Aluminum and Aluminum Alloys

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 UNS Alloy No. ll\)lo.
Drawn Seamless Tube
3.3 3.3 3.3 3.2 2.4 1.8 14 A93003 B210
5.7 5.7 5.7 5.5 43 3.0 2.4 A93003
.0 2.9 2.8 2.7 2.2 1.6 1.3 Alclad A93003
4 5.4 5.4 5.2 39 2.7 2.1 Alclad A93003
.0 4.0 4.0 4.0 4.0 2.8 14 A95050 B2[L0
3 3.3 3.3 3.3 3.3 2.8 14 Alclad A95050
.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Seamless Pipe and Seamless Extruded Tube
. 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B241
.7 7.7 7.4 6.9 5.4 3.5 2.5 A93003
3 3.3 3.3 3.2 2.4 18 14 A93003 B2p1
.0 2.9 2.8 2.7 2.2 1.6 1.2 Alclad A93003
.0 2.9 2.8 2.7 2.2 1.6 1.2 Alclad A93003
19.7 10.7 A95083 B2p1
19.7 10.7 A95083
.0 8.0 8.0 7.5 55 4.1 3.0 A95454
.0 8.0 8.0 7.5 55 4.1 3.0 A95454
.4 7.4 7.4 7.4 6.0 58 4.5 A96061 B2p1
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
19.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061
9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
.6 8.6 8.6 7.5 5.0 3.4 2.0 A96063
.9 49 49 4.9 3.9 3.0 2.0 A96063
Drawn Seamless Condenser and Heat Exchangerl Tube
b.7 57 5.7 5.5 43 3.0 24 A93003 B2B4
b.4 5.4 5.4 5.2 39 2.7 21 Alclad A93003
111 11.1 111 10.8 55 4.1 3.0 A95454
8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B234
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Sheet and Plate
3.3 3.3 33 3.2 2.4 1.8 14 A93003 B209
49 4.8 4.4 4.1 3.6 3.0 2.4 A93003
4.0 3.9 3.7 3.6 2.4 1.8 14 A93003
3.0 2.9 2.8 2.7 2.2 1.6 1.3 Alclad A93003 B209
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Table A-7
Aluminum and Aluminum Alloys (Cont’d)
Specified Specified
Size or Minimum Minimum E
Spec. Thickness, P- Tensile, Yield, or
No. UNS Alloy No. Temper in. No. Notes ksi ksi F
Sheet and Plate
Alclad A93003 0 0.500 to 3.000 21 (1) (14) 14 1.00
Alclad A93003 H112 0.250 to 0.499 21 ()3 @ 16 1.00
Alclad A93003 H112 0.500 to 2.000 21 (1) (3) (15) 15 1.0p
B209 A95083 0 0.051 to 1.500 25 (1) 40 18 1.0p
A95454 0 0.020 to 3.000 22 (1) 31 12 1.0p
A95454 H112 0.250 to 0.499 22 ()3 32 18 1.0p
A95454 H112 0.500 to 3.000 22 ()3 31 12 1.0p
B209 A96061 T4 0.006 to 0.249 23 (1) (6) (9) 30 16 1.0p
A96061 T451 0.250 to 3.000 23 (1) (6) 9) 30 16 1.0p
A96061 T4 welded 0.006 to 0.249 23 M@ O 24 1.0p
A96061 T451 welded 0.250 to 3.000 23 M) (™ 24 1.0p
B209 A96061 T6 0.051 to 0.249 23 (1) (6) (9) 42 35 1.0p
A96061 T651 0.250 to 4.000 23 (1) (6) (9 42 35 1.0p
A96061 T651 4.001 to 6.000 23 (1) (6)'©9) 40 35 1.0p
A96061 T6 welded 0.051 to 0.249 23 (N7 (9) 24 1.0p
A96061 T651 welded 0.250 to 6.000 23 N1 (7)) 24 1.0p
Die and H4nd Forgings
B247 A930003 H112 Up thru 4.000 21 (1) (1 14 5 1.0p
A93003 H112 welded Up thru 4,000 21 (1) (7)) (1) 14 5 1.0p
B247 A95083 H111 Up .thru 4.000 25 (1) (6) 39 20 1.0p
A95/083 H112 Up. thru 4.000 25 (1) (6) 39 16 1.0p
A95/083 H111, H112 welded ) Up thru 4.000 25 (1) (7) 38 16 1.0p
B247 A96061 T6 Up thru 4.000 23 (1) (6) (11) 38 35 1.0p
A96061 T6 Up thru 4.000 23 (1) (6) (12) 37 33 1.0p
A9H061 T6, 4.001 to 8.000 23 (1) (6) (12) 35 32 1.0p
A9f061 T6-welded Up thru 8.000 23 (™ 24 1.0p
Rods, Bars| and Shapes
B221 A91j060 0 All 21 (1) (17) (18) 8.5 2.5 1.0p
A91{060 H112 All 21 (1) (3) (17) (18) 8.5 2.5 1.0p
B221 A91100 0 All 21 (1) (17) (18) 11 3 1.00
A91100 H112 All 21 (1) (3) (17) (18) 11 3 1.00
B221 A93003 0 All 21 (1) (17) (18) 14 5 1.00
A93003 H112 All 21 (1) (3) (17) (18) 14 5 1.00
B221 A92024 T3 Up thru 0.249 M@)o a7 @y 57 42 1.00
A92024 T3 0.250-0.749 M @) 17 @8 60 44 1.00
A92024 T3 0.750-1.499 M@)o a7 @y 65 46 1.00
A92024 T3 1.500 and over (1) (2) (9) (17) (18) 68 48 1.00
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Table A-7

Aluminum and Aluminum Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 UNS Alloy No. No.
Sheet and Plate (Cont’'d)
3.3 3.2 3.1 3.0 2.2 1.6 1.3 Alclad A93003
4.6 45 4.2 3.9 3.3 2.7 21 Alclad A93003
.0 3.9 3.8 3.6 2.2 1.6 1.3 Alclad A93003
114 11.4 A95083 B2p9
.0 8.0 8.0 8.0 55 4.1 3.0 A95454
b.1 9.1 9.1 9.1 55 4.1 3.0 A95454
.0 8.0 8.0 8.0 55 4.1 3.0 A954514
.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B2p9
.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061
.9 6.9 6.9 6.9 5.5 4.6 35 A96061
.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061 B2p9
.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
11.4 11.4 11.4 11.1 8.2 6.3 4.4 A96061
9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
9 6.9 6.9 6.8 5.5 4.6 35 A96061
Die and Hand Forgings
.3 3.3 3.3 3.2 2.4 1.8 14 A93003 B2#7
3 3.3 3.3 3.2 2.4 1.8 14 A93003
11.1 111 A95083 B2@7
19.7 10.7 A95083
10.9 10.9 A95083
10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061 B2p7
19.6 10.6 10.6 10.5 7.7 6.3 4.5 A96061
19.0 10.0 10.0 9.9 7.4 6.1 4.5 A96061
.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Rods, Bars, and Shapes
.7 1.7 1.6 1.4 1.3 11 0.8 A91060 B2p1
.7 1.7 1.6 1.4 1.3 1.1 0.8 A91060
2.0 2.0 2.0 2.0 1.8 1.4 1.0 A91100 B221
2.0 2.0 2.0 2.0 1.8 1.4 1.0 A91100
3.3 3.3 3.3 3.2 2.4 1.8 14 A93003 B221
3.3 3.3 3.3 3.2 2.4 1.8 14 A93003
16.3 16.3 16.3 12.6 9.5 6.0 4.2 A92024 B221
17.1 17.1 17.1 13.2 10.0 6.3 4.4 A92024
18.6 18.6 18.6 14.3 10.8 6.8 4.7 A92024
19.4 19.4 19.4 15.0 11.3 7.1 5.0 A92024
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Table A-7
Aluminum and Aluminum Alloys (Cont’d)

Specified Specified

Size or Minimum Minimum E
Spec. Thickness, P- Tensile, Yield, or
No. UNS Alloy No. Temper in. No. Notes ksi ksi F
Rods, Bars, and Shapes
B221 A95083 0 Up thru 5.000 25 (1) (17) (18) 39 16 1.00
A95[083 H111 Up thru 5.000 25 (1) (3) (17) (18) 40 24 1.0p
A95/083 H112 Up thru 5.000 25 (1) (3) (17) (18) 39 16 Y.op
B221 A95/086 H112 Up thru 5.000 25 (1) (2) (17) (18) 35 14 1.0p
B221 A95154 0 All 22 (1H)y@a7n @s) 30 11 1.0p
A95[154 H112 All 22 (1) 3)(17) (18) 30 11 1.0p
B221 A95454 0 Up thru 5.000 22 (1) (17) (18) 31 12 1.0p
A95454 H111 Up thru 5.000 22 (1) (3) (17) (18) 33 19 1.0p
A95454 H112 Up thru 5.000 22 (1) (3) (17) (18) 31 12 1.0p
B221 A95456 0 Up thru 5.000 25 (1H)@A7) @a8) 41 19 1.0p
A95456 H111 Up thru 5.000 25 (1) (3) (I0).(18) 42 26 1.0p
A95456 H112 Up thru 5.000 25 (1) (3)17) (18) 41 19 1.0p
B221 A9H061 T4 All 23 (D29 (17) (18) 26 16 1.0p
A96061 T6 All 23,7 (1) (2) (9) (17) (18) 38 35 1.0p
A96061 T4 welded All 23 (1) (7) (9) (17) (18) 24 1.0p
A96061 T6 welded All 23 (1) (7)) (9) (17) (18) 24 1.0p
B221 A9¢063 T1 Up thru @:500 23 (1) (2) (17) (18) 17 9 1.0p
A96063 T1 0.501-1.000 23 (1) (2) (17) (18) 16 8 1.0p
A96063 T5 Up: thru 0.500 23 (1) (2) (17) (18) 22 16 1.0p
A96063 T5 0.501-1.000 23 (1) (2) (17) (18) 21 15 1.0p
A96063 T6 Up thru 1.000 23 (1) (2) (17) (18) 30 25 1.0p
A96063 T5, T6 welded Up thru 1.000 23 (1) (7)) (17) (18) 17 8 1.0p
Castings
B26  A24430 E - M@ 17 6 0.8p
A03560 T6 -~ MW@ 30 20 0.8p
A03560 T71 - M@ 25 18 0.8p

220


https://asmenormdoc.com/api2/?name=ASME B31.1 2024.pdf

ASME B31.1-2024

Table A-7
Aluminum and Aluminum Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 UNS Alloy No. No.

Rods, Bars, and Shapes (Cont’d)

10.7 10.7 A95083 B221
11.4 11.4 A95083
10.7 10.7 A95083
D.3 9.3 A95086 B2p1
.3 7.3 A95154 B2p1
.3 7.3 A95154
.0 8.0 8.0 8.0 55 4.1 3.0 A95454 B2p1
. 9.4 9.4 9.4 55 4.1 3.0 A95454
.0 8.0 8.0 8.0 55 4.1 30 A95454
11.7 11.7 A95456 B2p1
12.0 12.0 A95456
11.7 11.7 A95456
(.4 7.4 7.4 7.4 6.0 5.8 4.5 A96061 B2p1
19.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061
. 6.9 6.9 6.8 5.5 4.6 35 A96061
.9 6.9 6.9 6.8 5.5 4.6 35 A96061
k.9 49 4.9 49 42 3.4 2.0 A96063 B2p1
.6 4.6 4.6 4.6 4.0 34 2.0 A96063
3 6.3 6.1 5.8 4.6 3.4 2.0 A96063
.0 6.0 5.9 5.6 43 3.4 2.0 A96063
.6 8.6 8.6 7.5 5.0 3.4 2.0 A96063
.9 4.9 49 4.9 39 3.0 2.0 A96063
Cgstings
2 3.2 3.2 3.0 2.8 2.5 2.2 A24430 B26
6.9 6.9 5.0 A03560
5.8 5.8 5.0 4.3 3.3 1.9 A03560
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Table A-7
Aluminum and Aluminum Alloys (Cont’'d)

GENERAL NOTES:

(a) The tabulated specifications are ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.

(b) The stress values in this table may be interpolated to determine values for intermediate temperatures.

(c) TheP-Numbers listed in this table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, and welding
operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.

(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

(e) The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given.

(f) Thetdpulated stressvaluesare Sx E' (weldjoint efficiency factor) or S x F (material quality factor), as applicable. Weld joint efficiency factors
are sjown in Table 102.4.3-1.

(g) Pressyre-temperature ratings of piping components, as published in standards referenced in this Code, may be used for‘comppnents
meetipng the requirements of those standards. The allowable stress values given in this table are for use in designing piping components that
are ngt manufactured in accordance with referenced standards.

(h) Alumiphum and aluminum alloys shall not be used for flammable fluids within the boiler plant structure (see para.*122.7).

(i) The y|coefficient = 0.4 (see Table 104.1.2-1).

(j)  The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength govern the
select]on of stresses.

(k) See pgra. 124.1.2 for lower temperature limits.

NOTES:

(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.1.2-10.

(2) These|allowable stress values are not applicable when either welding or thermal cutting’ is employed.

(3) Thesejallowable stress values are not applicable when either welding or thermal cutting is€mployed. In such cases, the corresponding stress
valueq for the O temper shall be used.

(4) These|allowable stress values are 90% of those for the corresponding core material.

(5) These|allowable stress values apply only to seamless pipe smaller than NPS d+that is extruded and then drawn.

(6) Thesejallowable stress values are not applicable when either welding or thermalcutting is employed. In such cases, the corresponding stress
valueq for the welded condition shall be used.

(7) The strength of a reduced-section tensile specimen is required to qualify welding procedures. Refer to ASME BPVC, Section IX, QW-150.

(8) ASTM|B210 does not include this alloy/grade of material.

(9) Forstyessrelieved tempers (T351,T3510,T3511, T451, T4510, T4511, T651, T6510,and T6511), stress values for the material in the basic
tempdr shall be used.

(10) These|allowable stress values apply to all thicknesses and sizes of seamless tubing. They also apply to NPS 1 and larger seamlegs pipe.

(11) These|allowable stress values are for die forgings.

(12) These|allowable stress values are for hand forgings:

(13) Fortemperatures up to 300°F, these allowable stresswvalues are 83% of those for the corresponding core material. At temperatures of 350°F
and 4pPO°F, these allowable stress values are 90% of those for the corresponding core material.

(14) The tension test specimen from plate that isnotless than 0.500 in. thick is machined from the core and does not include the cladding alloy.
Therefore, the allowable stress values foersthicknesses less than 0.500 in. shall be used.

(15) The tension test specimen from plate thatis not less than 0.500 in. thick is machined from the core and does not include the cladding alloy.
Therefore, these allowable stress.values are 90% of those for the core material of the same thickness.

(16) These|allowable stress values,are for seamless extruded tube in all sizes and for seamless pipe in sizes NPS 1 and larger.

(17) Stress|valuesinrestricted shear,such as in dowel bolts or similar construction in which the shearing member is so restricted that the $ection
under] consideration would-fail without reduction of area, shall be 0.80 times the values in this table.

(18) Stress| values in bearing'shall be 1.60 times the values in this table.
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Table A-8
(24) Temperatures 1,200°F and Above
Specified Specified
UNS Minimum Minimum
Spec. Type or Alloy P- Tensile, Yield,
No. Grade No. Temper Nominal Composition No. Notes ksi ksi
Seamless Pipe and Tube
A213 TP304H S30409 18Cr-8Ni 8 . 75 30
S30815 21Cr-11Ni-N 8 (1) (10) 87 45
TP310H $31009 25Cr-20Ni 8 (2)(4) 75 30
TP316H S31609 16Cr-12Ni-2Mo 8 75 30
TP316L S31603 16Cr-12Ni-2Mo 8 (1 70 25
A213 TP321H $32109 18Cr-10Ni-Ti 8 75 30
TP347H S34709 18Cr-10Ni-Cb 8 75 30
TP348H S34809 18Cr-10Ni-Cb 8 75 30
A312 TP304H S30409 18Cr-8Ni 8 . 75 30
.. S30815 21Cr-11Ni-N 8 (1) (19 87 45
TP310H $31009 25Cr-20Ni 8 (24 75 30
TP316H $31609 16Cr-12Ni-2Mo 8 /) 75 30
A312 TP321H $32109 18Cr-10Ni-Ti 8 (8) 75 30
TP321H $32109 18Cr-10Ni-Ti 8 (9 70 25
TP347H S34709 18Cr-10Ni-Cb 8 75 30
TP348H $34809 18Cr-10Ni-Cb 8 75 30
A376 TP304H S30409 18Cr-8Ni 8 75 30
TP316H S31609 16Cr-12Ni-2Mo 8 75 30
TP321H $32109 18Cr~1ONi-Ti 8 75 30
TP347H S34709 18€r-10Ni-Cb 8 75 30
B163 .. NO08800 Annealed Ni-Cr-Fe 45 (1) 75 30
N08810 Annealed Ni-Cr-Fe 45 (1) (10) 65 25
B167 .. N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (10) 95 35
B407 .. N08800 C.D./ann. Ni-Cr-Fe 45 . 75 30
N08810 Annealed Ni-Cr-Fe 45 (10) 65 25
B622 .. R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (10) 100 45
Welded Pipe and Tube — Without Filler Metal
A249 TP304H S30409 18Cr-8Ni 8 .. 75 35
S30815 21Cr-11Ni-N 8 (1 87 45
TP310H $31009 25Cr-20Ni 8 MERM 75 35
TP316H $31609 16Cr-12Ni-2Mo 8 . 75 35
A249 TP321H S$32109 18Cr-10Ni-Ti 8 75 35
TP347H S34709 18Cr-10Ni-Cb 8 75 35
TP348H $34809 18Cr-10Ni-Cb 75 35
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Table A-8
Temperatures 1,200°F and Above

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

E
or Type or Spec.
F 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.
Seamless Pipe and Tube
1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H A213
1.00 52 4.0 3.1 24 1.9 1.6 1.3
1.00 4.0 3.0 2.2 1.7 1.3 0.97 0.75 TP310H
1.00 7.4 55 4.1 3.1 2.3 1.7 1.3 TP316H
1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 TP316L
1.00 54 4.1 3.2 2.5 1.9 1.5 1.1 TP321H A213
1.00 7.9 59 4.4 3.2 2.5 1.8 1.3 TP347H
1.00 7.9 59 44 3.2 2.5 1.8 13 TP348H
1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H A312
1.00 52 4.0 3.1 2.4 1.9 1.6 1.3
1.00 4.0 3.0 2.2 1.7 13 097 0.75 TP310H
1.00 7.4 55 4.1 3.1 2.3 17 1.3 TP316H
1.00 5.4 4.1 3.2 2.5 1.9 1.5 1.1 TP321H A312
1.00 4.6 3.5 2.7 2.1 1.6 1.3 0.9 TP321H
1.00 7.9 59 4.4 3.2 2.5 1.8 1.3 TP347H
1.00 7.9 59 44 3.2 2.5 1.8 1.3 TP348H
1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H A376
1.00 7.4 55 4.1 3.1 2.3 17 1.3 TP316H
1.00 54 4.1 3.2 2.5 1.9 1.5 1.1 TP321H
1.00 7.9 59 44 3.2 2.5 1.8 1.3 TP347H
1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 B163
1.00 7.4 59 4.7 3.8 3.0 2.4 1.9
1.00 15.3 145 11.2 8.7 6.6 5.1 3.9 H167
1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 B407
1.00 7.4 5.9 4.7 3.8 3.0 2.4 1.9
1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 B622
Welded Pipe and Tube — Without Filler Metal
0.85 52 4.0 3.2 2.5 2.0 1.6 1.2 TP304H A249
0.85 4.4 34 2.6 2.0 1.6 1.4 1.1 .
0.85 3.4 2.6 1.9 1.4 1.1 0.82 0.64 TP310H
0.85 6.3 4.7 3.5 2.6 1.9 1.5 1.1 TP316H
0.85 4.6 3.5 2.7 2.1 1.6 1.3 1.0 TP321H A249
0.85 6.7 5.0 3.7 2.7 2.1 1.6 1.1 TP347H
0.85 6.7 5.0 3.7 2.7 2.1 1.6 1.1 TP348H
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Table A-8
Temperatures 1,200°F and Above (Cont’d)
Specified Specified
UNS Minimum Minimum
Spec. Type or Alloy P- Tensile, Yield,
No. Grade No. Temper Nominal Composition No. Notes ksi ksi
Welded Pipe and Tube — Without Filler Metal
A312 TP304H S30409 18Cr-8Ni 8 . 75 30
.. S30815 21Cr-11Ni-N 8 (D 87 45
TP310H S31009 25Cr-20Ni 8 (2)4) 75 30
TP316H S31609 16Cr-12Ni-2Mo 8 75 30
A312 TP321H $32109 18Cr-10Ni-Ti 8 75 30
TP347H S32709 18Cr-10Ni-Cb 8 75 30
A409 S30815 21Cr-11Ni-N 8 (D 87 45
B619 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (10) 100 45
B626 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45  (1)Y(10) 100 45
Welded Pipe and Tube — Filler Metal Added
A358 &3 S30815 21Cr-11Ni-N 1 87 45
S30815 21Cr-11Ni-N @8] 87 45
A409 $30815 21Cr-11Ni-N 8 (M 87 45
B546 N06617 Annealed 52Ni-22Cr+13Co-9Mo 43 95 35
Plate
A240 04 S30400 18Cr-8Ni 8 (23 75 30
.. 530815 21Cr-11Ni-N 8 (1) (10) 87 45
10S $31008 25Cr-20Ni 8 2B)® 75 30
16 S31600 16Cr-12Ni-2Mo 8 213 75 30
16L S31603 16Cr-12Ni-2Mo 8 (1 70 25
A240 21 $32100 18Cr-10Ni-Ti 8 (23 75 30
47 $34700 18Cr-10Ni-Cb 8 (2)(3) 75 30
48 S34800 18Cr-10Ni-Cb 1) @) 3) 75 30
B168 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 95 35
B409 N08800 Annealed Ni-Cr-Fe 45 (3) 75 30
N08810 Annealed Ni-Cr-Fe 45 (3) 65 25
Plate, Sheet, and Strip
B435 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (10) 100 45
Bars, Rods, and Shapes
A479 S30815 21Cr-11Ni-N (1) (10) 87 45
TP316L S31603 16Cr-12Ni-2Mo 1) (5) 70 25
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Table A-8
Temperatures 1,200°F and Above (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

E
or Type or Spec.
F 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.
Welded Pipe and Tube — Without Filler Metal (Cont’d)
0.85 52 4.0 3.2 2.5 2.0 1.6 12 TP304H A312
0.85 4.4 34 2.6 2.0 1.6 1.4 1.1
0.85 3.4 2.6 1.9 14 1.1 0.82 0.64 TP310H
0.85 6.3 4.7 3.5 2.6 1.9 1.5 1.1 TP316H
0.85 4.6 3.5 2.7 2.1 16 1.3 1.0 TR321H A312
0.85 6.7 5.0 3.7 2.7 2.1 1.6 1.1 TP347H
0.85 4.4 3.4 2.6 2.0 1.6 14 A A409
0.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1 H619
0.85 11.6 9.3 7.5 6.0 4.8 38 3.1 H626
Welded Pipe and Tube — Filler Metal Added
1.00 52 4.0 3.1 2.4 1.9 1.6 1.3 1&3 A358
0.90 4.7 3.6 2.8 2.2 1.7 14 12 2
0.80 4.2 3.2 2.5 1.9 1.5 1.3 1.0 A409
0.85 13.0 12.3 9.5 7.4 5.6 4.3 3.3 H546
Plate
1.00 6.1 4.7 3.7 2.9 2.3 1.8 14 304 A240
1.00 52 4.0 3.1 2.4 1.9 1.6 1.3
1.00 2.5 1.5 9:80 0.50 0.40 0.30 0.20 310S
1.00 7.4 55 4.1 3.1 2.3 1.7 1.3 316
1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 316L
1.00 3.6 26 17 1.1 0.80 0.50 0.30 321 A240
1.00 44 3.3 2.2 1.5 1.2 0.90 0.80 347
1.00 44 3.3 2.2 1.5 1.2 0.90 0.80 348
1.00 15.3 14.5 11.2 87 6.6 5.1 3.9 H168
1.00, 6.6 4.2 2.0 1.6 1.1 1.0 0.80 B409
1.00 7.4 59 4.7 3.8 3.0 2.4 1.9
Plate, Sheet, and Strip
1.00 13.6 10.9 88 7.0 5.6 4.5 3.6 B435
Bars, Rods, and Shapes
1.00 52 4.0 3.1 2.4 1.9 1.6 1.3 A479
1.00 6.4 4.7 3.5 2.5 1.8 13 1.0 TP316L
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Table A-8
Temperatures 1,200°F and Above (Cont’d)
Specified Specified
UNS Minimum Minimum
Spec. Type or Alloy P- Tensile, Yield,
No. Grade No. Temper Nominal Composition No. Notes ksi ksi
Bars, Rods, and Shapes
B166 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (10) 95 36
B408 N08800 Annealed Ni-Cr-Fe 45 .. 75 30
N08810 Annealed Ni-Cr-Fe 45 (10) 65 25
B572 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (10) 100 45
Forgings
F304H S30409 18Cr-8Ni 8 75 30
.. $30815 21Cr-11Ni-N 8 (1) (10) 87 45
F310H S31009 25Cr-20Ni 8 MEMW 75 30
F316H S31609 16Cr-12Ni-2Mo 8 . 75 30
F316L S31603 16Cr-12Ni-2Mo 8 (1) 70 25
321H S32109 18Cr-10Ni-Ti 8 75 30
347H S34709 18Cr-10Ni-Cb 8 75 30
348H S34809 18Cr-10Ni-Cb 75 30
B564 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (10) 95 35
N08800 Annealed Ni-Cr-Fe 45 .. 75 30
N08810 Annealed Ni-Cr-Fe 45 (10) 65 25
Fittings (S¢amless and Welded)
A403 WP304H S30409 18Cr-8Ni 8 (1) 75 30
WP316H S31609 16Cr-12Ni-2Mo 8 @8] 75 30
WP316L S31603 16Cr-12Ni-2Mo 8 (D 70 25
WP321H $32109 18Cr-10Ni-Ti 8 (1 75 30
WP347H S34709 18Cr-10Ni-Cb 8 (1 75 30
WP348H $34809 18Cr-10Ni-Cb 8 (1) 75 30
B366 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (6) (10) 100 45
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (7) (10) 100 45
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Table A-8
Temperatures 1,200°F and Above (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

E
or Type or Spec.
F 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.
Bars, Rods, and Shapes (Cont’'d)
1.00 15.3 14.5 11.2 87 6.6 5.1 3.9 B166
1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 H408
1.00 7.4 59 4.7 38 3.0 2.4 19
1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 H572
Forgings
1.00 6.1 4.7 3.7 2.9 2.3 1.8 14 F304H
1.00 52 4.0 3.1 2.4 1.9 1.6 .3
1.00 4.0 3.0 2.2 1.7 1.3 0.97 0.75 F310H
1.00 7.4 55 4.1 3.1 2.3 1.7 13 F316H
1.00 6.4 4.7 3.5 2.5 18 13 1.0 F316L
1.00 54 4.1 32 2.5 1.9 1.5 1.1 F321H
1.00 7.9 59 44 32 2.5 1.8 1.3 F347H
1.00 7.9 59 44 3.2 2.5 1.8 1.3 F348H
1.00 15.3 14.5 11.2 87 6.6 5.1 3.9 H564
1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80
1.00 7.4 59 4.7 3.8 3.0 2.4 1.9
Fittings (Seamless and [Welded)
1.00 6.1 4.7 3.7 2.9 2.3 1.8 14 WP304H A403
1.00 7.4 55 4.1 3.1 2.3 1.7 1.3 WP316H
1.00 6.4 4.7 35 2.5 1.8 1.3 1.0 WP316L
1.00 54 4.1 32 2.5 1.9 1.5 1.1 WP321H
1.00 7.9 59 44 3.2 2.5 1.8 1.3 WP347H
1.00 7.9 5.9 44 3.2 2.5 1.8 1.3 WP348H
1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 H366
0.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1
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Table A-8
Temperatures 1,200°F and Above (Cont’d)

GENERAL NOTES:

(a)
(b)
()

(d)
(e)
0

(8)

The tabulated specifications are ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.
The stress values in this table may be interpolated to determine values for intermediate temperatures.

The P-Numbers listed in this table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, and welding
operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.

Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given.
The taI%Fjated stress values are § x E'(weld joint efficiency factor) or § x F'(material quality factor), as applicable. Weld joint efficiency factors

are shown in Table 102.4.3-1.
Pressulle-temperature ratings of piping components, as published in standards referenced in this Code, may be used for compdnents njeeting
the reqfiirements of those standards. The allowable stress values given in this table are for use in designing piping components that fire not
manufafctured in accordance with referenced standards.

(h) All the jmaterials listed are classified as austenitic (see Table 104.1.2-1).

(i) The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress pupture strength govern the
selection of stresses.

NOTES:

(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.1.2-10.

(2) These|allowable stress values shall be used only if the carbon content of the material is 0.04% ‘or~higher.

(3) Theallowable stress values tabulated shall be used only if the material is heat treated by heatingto.a minimum temperature of 1,90(0°F and

quenching in water or rapid cooling by other means.

(4) These|allowable stress values shall be used only when the grain size of the material iS"ASTM No. 6 or coarser.

(5) These|allowable stress values shall be used only when Supplementary Requirement,§1¥per ASTM A479 has been specified.

(6) Seamless.

(7) Weldgd — all filler metal, including consumable insert material, shall comply,with the requirements of ASME BPVC, Section IX.

(8) These|allowable stress values apply to seamless pipe <% in. wall thickness;

(9) These|allowable stress values apply to seamless pipe >% in. wall thickiiéss.

(10) Creepffatigue, thermal ratcheting, and environmental effects are increasingly significant failure modes at temperatures in excess of 1,500°F

and shall be considered in the design.
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Table A-9
Titanium and Titanium Alloys
Specified Specified
Minimum Minimum
Spec. Nominal P- Tensile, Yield, E
No. Grade Condition Composition No. Notes ksi ksi or F
Seamless Pipe and Tube
B338 1 Annealed Ti 51 (€8] 35 20 1.00
2 Annealed Ti 51 1) 50 40 1.00
3 Annealed Ti 52 (1) 65 55 1.00
7 Annealed Ti-Pd 51 1 50 40 1.00
12 Annealed Ti-Mo-Ni 52 (1) 70 50 1.00
B861 1 Annealed Ti 51 (€8] 35 20 1.00
2 Annealed Ti 51 €8] 50 40 1.00
3 Annealed Ti 52 1) 65 55 1.00
7 Annealed Ti-Pd 51 €8] 50 40 1.00
12 Annealed Ti-Mo-Ni 52 (D 70 50 1.00
Welded Pipe and Tube
B338 1 Annealed Ti 51 1) (2) 35 20 0.85
2 Annealed Ti 51 1) (2 50 40 0.85
3 Annealed Ti 52 1) (2 65 55 0.85
7 Annealed Ti-Pd 51 1) (2) 50 40 0.85
12 Annealed Ti-Mo-Ni 52 B2 70 50 0.85
B862 1 Annealed Ti 51 (1) (2) 35 20 0.85
2 Annealed Ti 51 12 50 40 0.85
3 Annealed Ti 52 (1 (2) 65 55 0.85
7 Annealed Ti-Pd 51 1 (2) 50 40 0.85
12 Annealed Ti-Mo-Ni 52 1@ 70 50 0.85
Plate, Sheet, and Strip
B265 1 Annealed Ti 51 (€8] 35 20 1.00
2 Annealed Ti 51 1) 50 40 1.00
3 Annealed TFi 52 1) 65 55 1.00
7 Annealed Ti-Pd 51 1) 50 40 1.00
12 Annealed Ti-Mo-Ni 52 (1) 70 50 1.00
Forgings
B381 F1 Annealed Ti 51 (@8] 35 20 1.00
F2 Annealed Ti 51 1) 50 40 1.00
F3 Annealed Ti 52 1) 65 55 1.00
F7 Annealed Ti-Pd 51 (D 50 40 1.00
F12 Annealed Ti-Mo-Ni 52 1 70 50 1.00
Bars and Billets
B348 1 Annealed Ti 51 (@8] 35 20 1.00
2 Annealed Ti 51 (@8] 50 40 1.00
3 Annealed Ti 52 1) 65 55 1.00
7 Annealed Ti-Pd 51 1 50 40 1.00
12 Annealed Ti-Mo-Ni 52 (D 70 50 1.00
Castings
B367 C-2 As-cast Ti 50 (3N E))] 50 40 0.80
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Table A-9
Titanium and Titanium Alloys

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 450 500 550 600 Grade 1‘\}0.
Seamless Pipe and Tube
10.0 9.3 83 7.4 6.6 6.0 5.4 4.7 42 3.8 3.5 1 B338
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 2
18.4 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 3
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 7
20. 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
10. 9.3 83 7.4 6.6 6.0 5.4 4.7 4.2 3.8 35 1 B861
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 65 2
18. 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 3
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 7
20. 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 1247 12.3 12
Welded Pipe jand Tube
8.5 7.9 7.0 6.3 5.6 5.1 4.7 4.2 3,6 3.5 3.0 1 B338
12.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 2
15. 14.9 13.4 121 10.8 9.7 8.8 7.9 7.2 6.7 6.3 3
12.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 7
17. 17.0 15.9 14.8 13.8 129 12.1 11.5 11.1 10.8 10.5 12
8.5 7.9 7.0 6.3 5.6 5.1 4.7 42 3.6 3.5 3.0 1 B862
12.3 11.6 10.6 9.6 8.8 8.1 75 7.0 6.5 6.0 5.5 2
15. 149 13.4 12.1 10.8 9.7 8.8 7.9 7.2 6.7 6.3 3
12.3 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 7
17. 17.0 15.9 14.8 13.8 12:9 121 11.5 111 10.8 10.5 12
Plate, Sheet,|and Strip
10. 9.3 8.3 7.4 6.6 6.0 5.4 4.7 42 3.8 3.5 1 B265
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 2
18.4 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 3
14.3 13.7 12.4 113 10.3 9.5 8.8 8.2 7.6 7.0 6.5 7
20. 20.0 18.7 174 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
Forgings
10. 9.3 83 7.4 6.6 6.0 5.4 4.7 42 3.8 3.5 F1 B381
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 F2
18.4 175 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 F3
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 F7
20. 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 F12
Bars and Billets
10.0 9.3 8.3 7.4 6.6 6.0 5.4 4.7 4.2 3.8 3.5 1 B348
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 2
18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 3
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 7
20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
Castings
11.4 10.5 10.0 9.0 8.3 7.6 C-2 B367
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Table A-9
Titanium and Titanium Alloys (Cont’d)

GENERAL NOTES:

(a) The tabulated specifications are ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section Il

(b) The stress values in this table may be interpolated to determine values for intermediate temperatures.

(c) The P-Numbers listed in this table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, and welding
operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.

(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

(e) The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given.

(f) The taI%Fjated stress values are 5 x £’ (weld joint efficiency factor) or $ x F' (material quality factor), as applicable. Weld joint efficiency factors

are shown in Table 102.4.3-1.
(g) Pressuile-temperature ratings of piping components, as published in standards referenced in this Code, may be used for compdnents njeeting
the reqfiirements of those standards. The allowable stress values given in this table are for use in designing piping components that fire not
manufafctured in accordance with referenced standards.
(h) The y cpefficient = 0.4 (see Table 104.1.2-1).
(i) See parja. 124.1.2 for lower temperature limits.

NOTES:
(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100¢1.2~1" THROUGH 100.1.2-1p.
(2) Filler metal shall not be used in the manufacture of welded pipe or tubing.
(3) Welding of this material is not permitted.
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Table A-10
Bolts, Nuts, and Studs
Specified Specified
Type Material Minimum Minimum
Spec. or Category/ Tensile, Yield,
No. Grade Class Nominal Composition UNS No. Notes ksi ksi
Carbon Steel
A194 1, 2, 2H Carbon steel 1
A307 A Carbon steel BT 60
B Carbon steel 2)3) @ 60
A449 Carbon steel (2) (5) (6) 120
Carbon steel 2) (5) (7) 105
Carbon steel (2) (5) (8) 90
F3125 A325 1 C Carbon steel (2) 120 92
SAE J429 8 C Carbon steel (32) (34) 150 130
Low and Injtermediate Alloy Steel
A193 B5 5Cr-"%Mo Alloy steel (57(9Y(10) 100 80
B7 1Cr-“4Mo Alloy steel (11) 125 105
B7 1Cr-%Mo Alloy steel (12) 115 95
B7 1Cr-%Mo Alloy steel (13) 100 75
B7M 1Cr-%Mo Alloy steel (2) (11) 100 80
A193 B16 1Cr-%Mo-V Alloy steel (11) 125 105
B16 1Cr-%Mo-V Alloy steel (12) 110 95
B16 1Cr-%Mo-V Alloy steel (13) 100 85
A194 5Cr-%Mo-V Alloy steel 6))
Cr-Mo Alloy steel 1)
A320 L7 1Cré%Mo Alloy steel (2) (5) (15) 125 105
L7M 1Cr—"%Mo Alloy steel (2) (11 100 80
L43 1%Ni-%,Cr-Y,Mo Alloy steel (2) (5) (15) 125 105
A354 BC Alloy steel (5) (9) (11) 125 109
BC Alloy steel (5) (9) (12) 115 99
BD Alloy steel (5) 9) 150 130
F3125 A325 3 C-Ni-Cr-Cu Alloy steel (2) 120 92
A490 3 C-Ni-Cr-Cu Alloy steel (2) 150 130
SAE J429 8 Cr-Ni-Mo Alloy steel (33) (34) 150 130
Stainless Steels: Austenitic
A193 B8 1 18Cr-8Ni S30400 (5) (16) (17) 75 30
BSC 1 18Cr-10Ni-Cb $34700 (5) (16) (17) 75 30
BSM 1 16Cr-12Ni-2Mo $31600 (5) (16) (17) 75 30
B8T 1 18Cr-10Ni-Ti S32100 (5) (16) (17) 75 30
A193 B8 2 18Cr-8Ni S30400 (5) (18) (19) 125 100
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Table A-10
Bolts, Nuts, and Studs

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

100 200 300 350 400 450 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade

Spec.
No.

7.0
7.0

23.0
20.2
14.5

20.2

20.0
25.0
23.0
18.8
20.0

25.0
22.0
20.0

25.0
20.0
25.0

25.0
23.0
30.0

23.0
30.0

20.2

18.8
18.8
18.8
18.8

Carbon Steel

1,2,2H A194
7.0 7.0 7.0 A A307
7.0 7.0 7.0 B
3.0 23.0 . 23.0 . 23.0 23.0 A449
0.2 20.2 . 20.2 . 20.2 20.2
45 145 14.5 14.5 14.5
3.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 A325 F3125
0.2 20.2 20.2 20.2 8 SAE
J429
Low and Intermediate Allpy Steel
0.0 20.0 . 20.0 . 20.0 20.0 20.0 20.0 20.0 185 14.5 104 7.6°) 56 4.2 3.1 2.0 1.3 B5 A193
25.0 25.0 . 25.0 . 25.0 25.0 25.0 25.0 23.6 21.0 16.3 12.5 85 4.5 B7
3.0 23.0 . 23.0 . 23.0 23.0 23.0 23.0 22.2 20.0 163 12.585 45 B7
8.8 18.8 . 1838 . 18.8 188 188 188 188 18.0 163 125 85 45 B7
0.0 20.0 . 20.0 . 20.0 20.0 20.0 20.0 20.0 185 165%I25 85 45 B7M
5.0 25.0 . 25.0 . 25.0 25.0 25.0 25.0 25.0 25\0.23.5 20.5 16.0 110 63 28 B16 A193
22.0 22.0 . 220 . 22.0 22.0 22.0 22.0 22.0022.0 21.0 185 153 11.0 6.3 2.8 B16
0.0 20.0 . 20.0 . 20.0 20.0 20.0 20.0~20.0 20.0 188 16.7 143 110 63 28 B16
3 A194
7
5.0 25.0 . 25.0 . 25.0(25.0°25.0 25.0 .. L7 A320
0.0 20.0 . 20.0 . 20.0,20.0 20.0 20.0 20.0 185 163 125 85 45 L7M
5.0 25.0 . 25.0 L 25.0 25.0 25.0 25.0 L43
5.0 25.0 . 250 . 25.0 25.0 25.0 BC A354
23.0 23.0 (230 . 23.0 23.0 23.0 BC
0.0 30.0 =30.0 . 30.0 30.0 30.0 BD
3.0 ,23.08 23.0 23.0 23.0 23.0 23.0 23.0 A325 F3125
010,.30.0 30.0 30.0 30.0 30.0 30.0 30.0 A490 F3125
20.2 20.2 20.2 20.2 8 SAE
J429
Stainless Steels: Austenitic
16.7 15.0 13.8 129 12.1 12,0 118 115 11.2 11.0 10.8 10.6 104 10.1 9.8 7.7 6.1 B8 A193
179 16.4 15.5 15.0 14.3 14.1 13.8 13.7 13.6 135 135 134 134 121 9.1 6.1 4.4 B8C
17.7 15.6 14.3 133 12.6 123 12.1 119 11.7 116 115 114 113 112 110 9.8 7.4 B8M
17.8 16.5 15.3 143 135 13.3 129 12.7 125 124 123 121 120 96 69 50 36 BS8T
B8 A193
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Table A-10
Bolts, Nuts, and Studs (Cont’d)

Specified Specified

Type Material Minimum Minimum
Spec. or Category/ Tensile, Yield,
No. Grade Class Nominal Composition UNS No. Notes ksi ksi
Stainless Steels: Austenitic
B8 2 18Cr-8Ni S30400 (5) (18) (20) 115 80
B8 2 18Cr-8Ni S30400 (5) (18) (21) 105 65
B8 2 18Cr-8Ni S30400 (5) (18) (22) 100 50
A193 B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (19) 125 100
B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (20) 115 80
B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (21) 105 65
B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (22) 100 50
A193 B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (19) 110 95
B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (20) 100 80
B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (21) 95 65
B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (229 90 50
A193 B8T 2 18Cr-10Ni-Ti S32100 (59A18) (19) 125 100
B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (20) 115 80
B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (21) 105 65
B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (22) 100 50
A194 8 18Cr-8Ni S30400 (1)
8C 18Cr-10Ni-Cb S34700 (€8]
A194 8M 16Cr-12Ni-Mo S31600 1
8T 18Cr-10Ni-Ti $32100 1
8F 18Cr-8Ni-Fm (€8]
A320 B8 1 18Cr-8Ni S30400 (5) (18) 75 30
B8 1 18Cr=8Ni S30400 (5) (23) 75 30
B8 2 18Cr-8Ni S30400 (5) (18) (22) 100 50
B8 2 18Cr-8Ni $30400 (5) (18) (21) 105 65
B8 2 18Cr-8Ni S30400 (5) (18) (20) 115 80
B8 2 18Cr-8Ni $30400 (5) (18) (19) 125 100
A320 B8C 1 18Cr-10Ni-Cb S34700 (5) 75 30
B8G 1 18Cr-10Ni-Cb S34700 (5) (23) 75 30
B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (22) 100 50
BAaC 2 18Cr=10Ni-Ch S34700 (5) (18) (21) 105 A5
B8C 2 18Cr-10Ni-Cb $34700 (5) (18) (20) 115 80
B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (19) 125 100
A320 B8M 1 16Cr-12Ni-2Mo S$31600 (5) 75 30
B8M 1 16Cr-12Ni-2Mo $31600 (5) (23) 75 30
B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (22) 90 50
B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (21) 95 65
B8M 2 16Cr-12Ni-2Mo S$31600 (5) (18) (20) 100 80
B8M 2 16Cr-12Ni-2Mo S$31600 (5) (18) (19) 110 95
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Table A-10
Bolts, Nuts, and Studs (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 350 400 450 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Stainless Steels: Austenitic (Cont’d)

25.0 .. (B8C A193

22.0 22.0 22.0 .. 220 .. 22.0 22.0 22.0 22.0 22.0 .. .. B8M A193
20.0 20.0 200 .. 200 .. 20.0 20.0 20.0 20.0 20.0 .. .. B8M
188 17.7 16.3 .. 16.3 .. 163 16.3 16.3 16.3 16.3 .. B8M
188 17.7 156 .. 143 .. 13.3 12,6 125 12,5 125 .. B8M

25.0 | .. .. B8T A193

8 A194
8C

8M A194
8T
8F

18.8 16.7 15.0 .. 13.8 .. B8

18.8 .. B8C A320
18.8 18.4 1%l .. 16.0 .. B8C
188 | . .. B8C
18.8 B8C

188 .. .. B8M A320
18.8 17.7 15.6 . 143 .. B8M

239


https://asmenormdoc.com/api2/?name=ASME B31.1 2024.pdf

ASME B31.1-2024

Table A-10
Bolts, Nuts, and Studs (Cont’d)
Specified Specified
Type Material Minimum Minimum
Spec. or Category/ Tensile, Yield,
No. Grade Class Nominal Composition UNS No. Notes ksi ksi
Stainless Steels: Austenitic
A320 B8T 1 18Cr-10Ni-Ti $32100 (5) 75 30
B8T 1 18Cr-10Ni-Ti S32100 (5) (23) 75 30
B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (22) 100 50
B8T 2 18Cr-10Ni-Ti S32100 (5) (18) (21) 105 65
B8T 2 18Cr-10Ni-Ti S32100 (5) (18) (20) 115 80
BST 2 18Cr-10Ni-Ti $32100 (5) (18) (19) 125 100
A453 660 A&B 15Cr-25Ni-Mo-Ti-V-B S66286 (5) 130 85
A479 TP309H 23Cr-12Ni S$30909 (24) 75 30
TP309H 23Cr-12Ni S30909 75 30
TP310H 25Cr-20Ni S31009 (24) 75 30
TP310H 25Cr-20Ni S31009 75 30
Stainless Steels: Martensitic
A193 B6 (410) 13Cr $41000 (5) (10) 110 85
A194 6 13Cr S41000 1)
Stainless Steels: Precipitation Hardened
A564 630 H1100 17Cr-4Ni-3.5Cu-0.04P S$17400 (5) (25) 140 115
Copper and Copper Alloys
B150 €61400 (2) (26) (27) (28) 80 40
€61400 (2) (26) (28) (29) 75 35
€61400 (2) (26) (28) (30) 70 32
€61400 (2) (26) (28) (31) 70 30
Carbon Stepl
A194 1, 2, 2H Carbon steel (1)
A307 A Carbon steel 3)@) 60
B Carbon steel 2)(3) 4 60
A449 Carbon steel (2) (5) (6) 120
Carbon steel 2) (5) (M) 105
Carhon steel (71 (':.1 (R] 90
F3125 A325 1 C Carbon steel (2) 120 92
SAE J429 8 C Carbon steel (32) (34) 150 130
Low and Intermediate Alloy Steel
A193 B5 5Cr-“4Mo Alloy steel (5) (9) (10) 100 80
B7 1Cr-“%Mo Alloy steel (11) 125 105
B7 1Cr-“%Mo Alloy steel (12) 115 95
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Table A-10
Bolts, Nuts, and Studs (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 350 400 450 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Stainless Steels: Austenitic (Cont’d)

188 .. .. B8T A320
188 178 16,5 .. 153 .. B8T

21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 213 213 213 213 213 213 21.3 .. 660 A453
20.0 20.0 20.0 .. 20.0 .. 194 188 185 182 18.0 17.7 17.5 17.2 169 138 10.3 76 55 4.0 TP309H A479
20.0 17.5 16.1 .. 151 .. 144 139 13.7 13.5 13.3 13.1 129 12.7 125 123 10.3 76 55 4.0 TP309H

20.0 17.6 16.1 .. 151 .. 143 13.7 13.5 13.3 13.1 129 12.7 125 123 121 “10.3 76 55 4.0 TP310H

20.0 20.0 20.0 .. 199 .. 193 185 18.2 179 17.7 174 17.2 169 16.7 438 103 76 55 4.0 TP310H|

Stainless Steels: Martensitic
21.3 19.5 189 .. 18.5 .. 183 179 17.6 172 16.7 16.1 153 123 .. B6 A193

6 A194

Stainless Steels: Precipitation Hardened
28.0 .. 630 A564

Copper and Copper Alloys
17.5 17.5 175 17.5 17.2 16.6 161 .. B150
17.5 17.5 17.5 17.5 17.2 16.6 16.1
175 175 175 175 17.2 16.6 16.1
17.5 17.5 17.5 17.5 17.2 16.6 161

Carbpn Steel
1, 2, 2H[ A194

70 |70 7.0 .. 707 .. . A A307

7.0 170 7.0 .. 7.0 .. B

23.0 23.0 28.0\... 230 .. 23.0 230 .. A449

20.2 202202 .. 202 .. 202 202

145 148 145 145 145 145

23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 .. A325 F3125

20.2 20.2 20.2 20.2 20.2 . 8 SAE
J429

Low and Intermediate Alloy Steel

20.0 20.0 20.0 .. 20.0 .. 20.0 20.0 20.0 20.0 20.0 185 145 104 76 56 42 31 20 13 B5 A193
25.0 25.0 25.0 .. 25.0 .. 250 25.0 25.0 25.0 23.6 21.0 163 125 85 45 .. .. B7
23.0 23.0 23.0 .. 23.0 .. 23.0 23.0 23.0 23.0 22.2 20.0 163 125 85 45 .. B7

241


https://asmenormdoc.com/api2/?name=ASME B31.1 2024.pdf

ASME B31.1-2024

Table A-10
Bolts, Nuts, and Studs (Cont’d)
Specified Specified
Type Material Minimum Minimum
Spec. or Category/ Tensile, Yield,
No. Grade Class Nominal Composition UNS No. Notes ksi ksi
Low and Intermediate Alloy Steel
B7 1Cr-%Mo Alloy steel (13) 100 75
B7M 1Cr-“%Mo Alloy steel (2) 11 100 80
A193 B16 1Cr-%Mo-V Alloy steel (11) 125 105
B16 1Cr-%Mo-V Alloy steel (12) 110 95
B16 1Cr-*4Mo-V Alloy steel (13) 100 85
A194 3 5Cr-"Mo-V Alloy steel e))
Cr-Mo Alloy steel (1)
A320 L7 1Cr-"Mo Alloy steel (2) (5) (15) 125 105
L7M 1Cr-%%Mo Alloy steel (2) (11) 100 80
L43 1%,Ni-¥,Cr-Y,Mo Alloy steel (2) (5) (15) 125 105
A354 BC Alloy steel (5 (9)/(11) 125 109
BC Alloy steel £5)'(9) (12) 115 99
BD Alloy steel (5) (9) 150 130
F3125 A325 3 C-Ni-Cr-Cu Alloy steel (2) 120 92
A490 3 C-Ni-Cr-Cu Alloy. Steel (2) 150 130
SAE J429 8 Cr-Ni-Mo Alloy steel (33) (34) 150 130
Stainless Steels: Austenitic
A193 B8 1 18Cr-8Ni S30400 (5) (16) (17) 75 30
B8C 1 18Cr-10Ni&Cb $34700 (5) (16) (17) 75 30
B8M 1 16Cr-12Ni>2Mo S31600 (5) (16) (17) 75 30
B8T 1 18Cx-10Ni-Ti $32100 (5) (16) (17) 75 30
A193 B8 2 18Cr-8Ni S30400 (5) (18) (19) 125 100
B8 2 18Cr-8Ni S30400 (5) (18) (20) 115 80
B8 2 18Cr-8Ni $30400 (5) (18) (21) 105 65
B8 2 18Cr-8Ni S30400 (5) (18) (22) 100 50
A193 B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (19) 125 100
B8G 2 18Cr-10Ni-Cb S34700 (5) (18) (20) 115 80
B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (21) 105 65
B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (22) 100 50
A193 B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (19) 110 95
B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (20) 100 80
B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (21) 95 65
B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (22) 90 50
A193 BST 2 18Cr-10Ni-Ti $32100 (5) (18) (19) 125 100
BST 2 18Cr-10Ni-Ti $32100 (5) (18) (20) 115 80
B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (21) 105 65
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Table A-10
Bolts, Nuts, and Studs (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

100 200 300 350 400 450 500 600 650 700 750

800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade

Spec.
No.

18.8
20.0

25.0
22.0
20.0

25.0
20.0
25.0

25.0
23.0
30.0

23.0
30.0

20.2

18.8
18.8
18.8
18.8

25.0
20.0
18.8
18.8

25.0
20.0
18.8
18.8

22.0
20.0
18.8
18.8

25.0
20.0
18.8

Low and Intermediate Alloy Steel (Cont’'d)

18.8 18.8 18.8 18.8 18.8 18.8 18.8 18.8 18.0 163 125 85 4.5 B7
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 185 16.5 125 85 4.5 B7M
5.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 23.5 20.5 16.0 11.0 63 28 B16
22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 21.0 185 153 11.0 63 28 B16
0.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 18.8 16.7 143 11.0 63 28 Ble
3
7
5.0 25.0 25.0 25.0 25.0 25.0 25.0 ... L7
0.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 185 163 125 85 4.5 L7M
25.0 25.0 25.0 25.0 25.0 25.0 25.0 L43
5.0 25.0 25.0 25.0 25.0 25.0 BC
3.0 23.0 23.0 23.0 23.0 23.0 BC
0.0 30.0 30.0 30.0 30.0 30.0 BD
3.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 A325
0.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 A490
0.2 20.2 20.2 20.2 8
Stainless Steels: Ay
6.7 15.0 13.8 129 12.1 12.0 4%.8 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 B8
79 16.4 15.5 15.0 14.3_14.1°13.8 13.7 13.6 13.5 13.5 13.4 134 121 9.1 6.1 4.4 B8C
7.7 15.6 14.3 13.3 1264123 12.1 119 11.7 11.6 115 114 113 112 11.0 9.8 7.4 B8M
7.8 16.5 15.3 14.3\13.5 13.3 129 12.7 125 124 123 121 12.0 9.6 69 50 3.6 BST
B8
B8
B8
B8
B8C
B8C
B8C
B8C
22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 B8M
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 B8M
17.7 16.3 16.3 16.3 163 16.3 16.3 16.3 B8M
17.7 15.6 14.3 13.3 12.6 12.5 12.5 125 B8M
B8T
B8T
B8T

A193

A194

A320

A354

F3125
F3125

SAE
J429

stenitic
A193

A193

A193

A193

A193
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Table A-10
Bolts, Nuts, and Studs (Cont’d)

Specified Specified

Type Material Minimum Minimum
Spec. or Category/ Tensile, Yield,
No. Grade Class Nominal Composition UNS No. Notes ksi ksi
Stainless Steels: Austenitic
B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (22) 100 50
A194 8 18Cr-8Ni S30400 (1)
8C 18Cr-10Ni-Cb S34700 (1)
A194 8M 16Cr-12Ni-Mo S$31600 1
8T 18Cr-10Ni-Ti $32100 (@)
8F 18Cr-8Ni-Fm @9)
A320 B8 1 18Cr-8Ni S30400 (5) (18) 75 30
B8 1 18Cr-8Ni S30400 (5) (23) 75 30
B8 2 18Cr-8Ni S30400 (5) (18) (22) 100 50
B8 2 18Cr-8Ni $30400 (5) (18) (Z1) 105 65
B8 2 18Cr-8Ni $30400 (5) (18)\(20) 115 80
B8 2 18Cr-8Ni S30400 (59A18) (19) 125 100
A320 B8C 1 18Cr-10Ni-Cb S34700 (5) 75 30
B8C 1 18Cr-10Ni-Cb S34700 (5) (23) 75 30
B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (22) 100 50
B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (21) 105 65
B8C 2 18Cr-10Ni-Cb $34700 (5) (18) (20) 115 80
B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (19) 125 100
A320 B8M 1 16Cr-12Ni-2Mo S31600 (5) 75 30
B8M 1 16Cr-12Ni-2Mo S31600 (5) (23) 75 30
B8M 2 16Cr-12Ni=2Mo S31600 (5) (18) (22) 90 50
B8M 2 16Cr=12Ni-2Mo S31600 (5) (18) (21) 95 65
B8M 2 16Cr-12Ni-2Mo $31600 (5) (18) (20) 100 80
B8M 2 16Cr-12Ni-2Mo $31600 (5) (18) (19) 110 95
A320 B8T 1 18Cr-10Ni-Ti S$32100 (5) 75 30
B8T 1 18Cr-10Ni-Ti S32100 (5) (23) 75 30
B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (22) 100 50
B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (21) 105 65
B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (20) 115 80
BST 2 18Cr-10Ni-Ti $32100 (5) (18) (19) 125 100
A453 660 A&B 15Cr-25Ni-Mo-Ti-V-B 566286 (5) 130 85
A479 TP309H 23Cr-12Ni S30909 (24) 75 30
TP309H 23Cr-12Ni S30909 75 30
TP310H 25Cr-20Ni S$31009 (24) 75 30
TP310H 25Cr-20Ni $31009 75 30
Stainless Steels: Martensitic
A193 B6 (410) 13Cr S41000 (5) (10) 110 85
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Table A-10
Bolts, Nuts, and Studs (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 350 400 450 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Stainless Steels: Austenitic (Cont’d)

8 A194
8Q

8M A194
8T
8F

188 16.7 150 .. 138 .. .. B8

18.8 |.. .. B8C A320
188 184 171 .. 16.0 .. .. B8C

18.8 |.. .. B8M A320
188 17.7 156 .. 143 .. .. B8M

18.8 |.. .. B8T A320
188 17.8 16.5 .. 153~ .. .. B8T

213 21.3 21.3 213 213 213 213 213 213 213 213 213 213 213 213 213 .. .. 660 A453

20.0 20.0 200 .. 200 .. 194 188 185 18.2 18.0 17.7 175 17.2 169 138 103 76 55 4.0 TP309H A479
20.0 175 161 .. 151 .. 144 139 13.7 13.5 133 13.1 129 127 125 123 103 76 55 4.0 TP309H
20.0 17.6 161 .. 151 .. 143 13.7 13,5 13.3 13.1 129 12.7 125 123 121 103 76 55 4.0 TP310H
20.0 20.0 20.0 .. 199 .. 193 185 18.2 179 17.7 174 17.2 169 16.7 138 103 76 55 40 TP310H

Stainless Steels: Martensitic
213 195 189 .. 185 .. 183 179 176 17.2 16.7 16.1 153 12.3 .. B6 A193
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Table A-10
Bolts, Nuts, and Studs (Cont’d)
Specified Specified
Type Material Minimum Minimum
Spec. or Category/ Tensile, Yield,
No. Grade Class Nominal Composition UNS No. Notes ksi ksi
Stainless Steels: Martensitic
A194 6 13Cr S41000 1)
Stainless Steels: Precipitation Hardened
A564 630 H1100 17Cr-4Ni-3.5Cu-0.04P S17400 (5) (25) 140 115
Copper and Copper Alloys
B150 €61400 (2) (26) (27) (28) 80 40
€61400 (2) (26) (28) (29) 75 35
€61400 (2) (26) (28) (30) 70 32
€61400 (2) (26) (28) (31) 70 30
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Table A-10
Bolts, Nuts, and Studs (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 350 400 450 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Stainless Steels: Martensitic (Cont’d)

6 A194

Stainless Steels: Precipitation Hardened
28.0 [.. .. .. .. (630 A564

Copper and Copper Alloys
175 175 175 175 17.2 16.6 16.1 .. B150
175 175 175 175 17.2 16.6 16.1
175 175 175 175 17.2 16.6 16.1
17.5 17.5 17.5 17.5 17.2 16.6 16.1
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Table A-10
Bolts, Nuts, and Studs (Cont’d)

GENERAL NOTES:
The tabulated specifications are ASTM, except for SAE J429. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.
The stress values in this table may be interpolated to determine values for intermediate temperatures.

(a)
(b)
()
(d)
(e)

0
(8)

0]
®

Tensile

strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

The materials listed in this table shall not be used at design temperatures above those for which allowable stress values are given.
The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength govern the

selectio

n of stresses.

See pa

. 124.1.2 for lower temperature limits.

The materials listed are classified as carbon steel; low and intermediate alloy steel; austenitic, martensitic, and precipitation ha

stainle
ASTM
The all

NOTES:

(1)

(2)
(3
(4

(5)

(6)
(7)
(8)
)

(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17

(18)

(19)
(20)
(21)
(22)
(23)
(24)

(25)
(26)
(27)
(28)
(29)
(30)

This i
specif
(a)
(b)
(c)
(d)
(e) (
THIS
This 1
Theal
SP-58
These
joints,
detert
These
These
These
Betwsg
streng
These
These
These
These
DELET
Mininj
The a
The a
tempg
The h4
in. acr
mentg
These
These
These
These

steels; and copper alloys.
pecifications listed for bar or rod can be used for bolts and the corresponding nuts.
wable stress for bolting is established in accordance with ASME BPVC, Section II, Part D, Mandatory Appendix 2, para.

a product specification. Allowable stresses are not necessary. Limitations on metal temperature for materials covered
cation for use under ASME B31.1 are as follows:
rades 1 and 2, -20°F to 600°F
rade 2H, -20°F to 800°F
rades 3 and 7, -20°F to 1,100°F
rades 6 and 8F, -20°F to 800°F
rades 8, 8C, 8M, and 8T, -20°F to 1,200°F
MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE-FIGURES 100.1.2-1 THROUGH 100.1.2-
haterial shall not be used above 400°F. The allowable stress value is 7,000 psi}
owable stress values listed in MSS SP-58 for this material may be used for pipessupporting elements designed in accordance wi

allowable stress values are established from a consideration of strength.only and will be satisfactory for average service. For]
where freedom from leakage over a long period of time without retightening is required, lower stress values may be neces
nined from the relative flexibility of the flange, bolt, and corresponding relaxation properties.

allowable stress values apply to bolting materials < 1 in. in_diameter.

allowable stress values apply to bolting materials > 1 in. in‘diameter and < 1% in. in diameter.

allowable stress values apply to bolting materials > 1% ii. in diameter and < 3 in. in diameter.

en temperatures of —20°F and 400°F, allowable stress Values to the lower of the following may be used: 20% of the specified
th or 25% of the specified yield strength.

allowable stress values apply to bolting materials’4 in. in diameter and smaller.

allowable stress values apply to bolting materials 2% in. in diameter and smaller.

allowable stress values apply to bolting materials larger than 2% in. in diameter but not larger than 4 in. in diameter.
allowable stress values apply to bolting\materials larger than 4 in. in diameter but not larger than 7 in. in diameter.
[ED

um tempering temperature shallkbe 800°F.

lowable stress values tabulated for temperatures over 1,000°F apply only if the carbon content of the material is 0.04% or
lowable stress values tabulated for temperatures over 1,000°F apply only if the material is heat treated by heating to a mi
rature of 1,900°F and,quenching in water or rapid cooling by other means.

rdness of this material,under the thread roots, shall not exceed Rockwell C35. The hardness shall be measured on aflatarea, at
0ss, prepared by femoeving thread. No more material than necessary shall be removed to prepare the flat area. Hardness m¢
shall be made'at, the same frequency as the tensile test.

allowablestress values apply to bolting materials %, in. in diameter and smaller.

allowable ‘stress values apply to bolting materials larger than %/, in. but not larger than 1 in. in diameter.

allowable stress values apply to bolting materials larger than 1 in. but not larger than 1%, in. in diameter.

allowable stress values apply to bolting materials larger than 1% in. but not larger than 1% in. in diameter.

dened

P-120.

by this

0.
ith MSS

bolted
bary as

tensile

higher.
himum

east g
asure-

These

allowable stress values apply to holting material that has heen carhide solution treated

Due to relatively low yield strength of these materials, these higher allowable stress values were established at temperatures where the
short time tensile properties govern to permit the use of these alloys where slightly greater deformation is acceptable. These stress values
exceed 67% but do not exceed 90% of the yield strength at temperature. Use of these stress values may result in dimensional changes due to
permanent strain. These values should not be used for the flanges of gasketed joints or other applications where slight amounts of distortion
can cause leakage or malfunction.

These

allowable stress values apply to bolting materials 8 in. in diameter and smaller.

Welding or brazing of this material is not permitted.

These

allowable stress values apply to bolting materials % in. in diameter and smaller.

Tempered to HR50.

These
These

allowable stress values apply to bolting materials larger than % in. but not larger than 1 in. in diameter.
allowable stress values apply to bolting materials larger than 1 in. but not larger than 2 in. in diameter.
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Table A-10
Bolts, Nuts, and Studs (Cont’d)

NOTES: (Cont'd)

(1)
(32)
(33)

(34)

These allowable stress values apply to bolting materials larger than 2 in. but not larger than 3 in. in diameter.

Carbon steel with additives (e.g., B, Cr, or Mn) or medium carbon steel.

Alloy steel shall contain atleast one of the following elements in the minimum quantity given: chromium 0.30%, nickel 0.30%, molybdenum
0.20%, vanadium 0.10%, manganese 1.65%. Where elements are specified in combinations of two, three, four, or five and have alloy
contents less than those given above, the limit value to be applied for steel class determination is 70% of the sum of the individual limit values
shown above for the two, three, four, or five elements concerned.

These allowable stress values apply to bolting materials ¥ in. through 1% in., inclusive. Due to the variety of materials permitted by the
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MANDATORY APPENDIX B
THERMAL EXPANSION DATA

See Taljle B-1 [Table B-1 (SI)].
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Table B-1 (SI)
Thermal Expansion Data

A = Mean Coefficient of Thermal Expansion, 107% mm/mm/°C

B = Linear Thermal Expansion, mm/m

} in Going From 20°C to Indicated Temperature [Note (1)]

Temperature Range 20°C to

Coeffi-

Material cient -200 -100 -50 20 50 75 100 125 150 175 200 225 250 275
Group 1 caybomramdtiow d‘l‘lu_y yiy 59— 7t t—t15—1% Tt 25—t 2A 12627 1= 13:0—13.2
steels [Ngte (2)] B -22 -13 -08 0 10 13 16 20 23 0| 3.4
Group 2 lowalloy steels [Note (3)] A 108 11.7 120 126 128 13.0 131 13.2 134 135 136 13.7 “i38 [3.9
B -24 -14 -08 0 04 07 1.0 14 17 21 24N28 32 |36
5Cr-1Mo stpels A 101 108 112 115 118 120 121 123 124 125/,12%6 126 127 [12.8
B -22 -13 -08 0 04 07 10 13 1.6 19v23 26 29 |33
9Cr-1Mo stpels A 90 98 101 105 106 107 109 11.0 111 11.2 113 114 115 [16
B -20 -12 -07 0 03 06 09 12 QA4 17 20 23 26 [30
Straight chrpmium stainless steels A 91 99 102 106 109 110 11.1¢{/1Y3 114 114 115 116 116 1.7
12Cr to 13Cr steels B -20 -12 -07 0 03 06 0O 12 15 18 21 24 27 |30
15Cr to 17Cr steels A 81 88 91 96 97 99100 101 102 103 104 105 106 [0.7
B -18 -11 -06 0 03, 05 08 11 13 16 19 22 24 |27
27Cr stedls A 77 85 87 90~392 92 93 94 94 95 95 96 96 |97
B -17 -10 -06 0 03 05 07 10 12 15 17 20 22 |25
Austenitic stainless steels (304, A 135 143 147 153 156 159 16.2 164 16.6 168 17.0 172 174 |75
305, 316,317, 321, 347, 348, B -30 -17 =10 0 05 09 13 17 22 26 31 35 40 |45

19-9DL, YM-15, etc.)
Other austehitic stainless steels A 12.8y 13.6 14.1 147 150 152 154 156 157 159 16.0 16.1 163 |[6.4
(309, 314, 315, XM-19, etc.) B (528 -16 -10 0 04 08 12 16 20 25 29 33 37 |42
Gray cast irpn A 98 101 102 104 105 107 108 11.0 111 112 [1.4
B 03 06 08 11 14 17 20 23 26 |29
Ductile cast|iron A 88 95 103 105 107 109 111 113 116 118 120 122 [24
B -11 -07 0 03 06 09 12 15 18 21 25 28 |31
Monel (67Nji-30Cu) N04400 A 104 122 13.0 138 141 144 146 148 150 151 153 154 155 [5.6
B -23 -15 -09 0 04 08 12 16 19 23 28 32 36 40
Nickel alloys N02200 and N02201 4 9.6 108 11.4 119 124 127 13.0 133 135 137 139 140 142 143
B -22 -14 -08 0 04 07 10 14 18 21 25 29 33 36
Nickel alloy N06022 A 124 124 124 124 124 124 124 124 125 125 126
B 0 04 07 10 13 16 19 22 26 29 32
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Table B-1 (SI)
Thermal Expansion Data

_ . . -6 o
A = Mean Coefficient of Thermal Expansion, 10"~ mm/mm/°C } in Going From 20°C to Indicated Temperature [Note (1)]

B = Linear Thermal Expansion, mm/m

Temperature Range 20°C to

300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800

44 4 ISP
1959 173.0 1.0

13.3 [3# 13613 ; 6
37 141 45 49 53 57 61 65 69 73 77 82 86 90 94

uy

© &4

= 44 44 44 4
o/ 10.0 15U 1.0 15.7 10,

o M
—
S &
N WP
-
sv
je=)

14.0 [14.1 142 143 144 145 146 146 147 148 148 149 150 150 151 151 152 152 153 153 15|
39 {43 47 51 55 59 63 67 71 75 79 83 87 91 95 99 103 107 al.1 11.1 11p

1=

12.8 (129 13.0 13.0 13.1 13.2 13.2 13.3 134 134 135 13.6 13.6 13.7 13.7 13.8 13.9/139 14.0 14.0 14.
36 {39 43 46 50 53 57 61 64 68 72 75 79 83 87 90 94.798 102 10.6 11.

= =

11.7 [11.8 119 119 12.0 121 122 123 123 124 125 126 127 127 128 129 13.0 13.1 133 134 13.
33 (36 39 42 46 49 52 56 59 63 66 70 73 77 81485 89 93 97 101 10.

Oy OV

11.7 (11.8 11.8 119 119 12.0 12.0 12.1 121 122 122 123 123 124’ Y24 125 125 125 125 12.6 12,
33 (36 39 42 45 49 52 55 58 62 65 68 72N NA5 78 82 85 88 92 95 9B

Oy

108 [10.8 109 11.0 11.0 11.1 112 11.2 113 113 114 114.1%5 115 115 116 116 11.7 11.7 118 11p
30133 36 39 42 45 48 51 54 57 60 63”66 70 73 76 79 82 86 89 9B

9.7 {98 99 99 100 100 101 102 102 103 164 104 105 105 10.6 10.6 10.7 10.7 10.8 10.8 10.
27 {30 33 35 38 41 43 46 49 5255 58 61 64 67 70 72 76 79 82 8p

D

17.7 [17.8 179 18.0 181 182 183 184 184,185 18.6 18.7 188 189 19.0 19.1 19.2 193 194 194 19.
49 (54 59 64 69 74 79 83+ 89 94 99 104 109 114 120 125 131 13.6 141 14.7 15,

o

16.5 [16.6 16.6 16.7 168 169 17.0y 17.1 17.2 172 173 174 175 17.6 17.7 178 179 18.0 181 182 18.
46 |50 55 59 64 68 73 78 82 87 92 97 102 106 11.1 11.7 122 127 132 13.7 14,

1" B>

11.5 [11.7 11.8 12.0 12123 124 12.6 12.7 129 13.0
32 136 39 4246 50 53 57 61 65 69

125 [12.6 128,129 13.0 13.1 132 132 133 134 135
35139 42V 46 49 53 57 60 64 68 72

15.7 [158 159 16.0 16.0 16.1 16.1 16.2 16.2 163 163 164 164 16.5 16.5 165 16.6 16.6 16.7 16.7 16B
44 48 52 57 61 65 69 74 78 82 86 91 95 100 104 108 113 11.7 122 12.6 13.1

144 145 146 147 148 149 150 151 152 153 154 155 15.6 15.6 15.7 158 159 159 16.0 16.1 16.2
40 44 48 52 56 60 65 69 73 77 82 86 90 95 99 103 108 112 11.7 122 126

12.6 12.7 128 129 13.0 13.2 133 13.5 13.6 13.8 139 14.1 143 144 146 148 149 151 152 154 15.6
35 39 42 46 50 53 57 61 65 70 74 78 83 87 92 97 101 106 111 116 121
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ASME B31.1-2024

Table B-1 (SI)

A = Mean Coefficient of Thermal Expansion, 107% mm/mm/°C

B = Linear Thermal Expansion, mm/m

} in Going From 20°C to Indicated Temperature [Note (1)]

Temperature Range 20°C to

Coeffi-

Material cient -200 -100 -50 20 50 75 100 125 150 175 200 225 250 275

Nickel alloyN66660 yit 99 —10:8— 1+ 5—123— 125 —127—128—13 132—133—+135—136—13713.8
B -22 -13 -08 0 04 07 1.0 1.7 21 24 8 320435

Nickel alloy] N06625 A 120 124 126 128 129 13.0 13.1 132 13.2 "13.2 [13.3
B 0 0.4 0.7 1.0 1.4 1.7 2.0 2.4 2.7 3.0 3.4

Nickel alloy N0O8800 and N08810 A 106 125 133 142 146 149 151 153 155 15.67,158 159 16.0 [6.1
B -23 -15 -09 O 04 08 1.2 1.6 20 24 28 33 37 |41

Nickel alloy] N08825 A 129 135 136 13.7 139 14.0 14.2( 143 144 144 145 [4.6
B -09 0 04 08 11 15 18 22 26 30 33 |37

Nickel alloy| N10276 A 108 11.0 11.2 114/ 1Y6 11.7 119 12.0 122 124 |25
B 0 0.3 06 DS 1.2 1.5 1.8 22 25 28 |32

Copper alloys C1XXXX series A 139 157 162 16.7 170 472~ 173 174 175 176 17.7 178 17.8 |79
B -31 -19 -11 0 0.5 0.9 1.4 1.8 2.3 2.7 3.2 3.6 4.1 4.6

Bronze alloys A 151 158 164 172176 179 180 182 182 183 184 185 185 [8.6
B -33 -19 -11 0 0.5 1.0 1.4 19 24 28 33 38 43 |47

Brass alloyf{ A 14.7 154 1600 167 171 174 176 178 18.0 182 184 186 188 [9.0
B -32 -19 -11 0 05 10 14 19 23 28 33 38 43 |48

Copper-nickel (70Cu-30Ni) A 119134 140 145 149 152 153 155 157 158 16.0 16.1 163 [6.4
B -26 -16 -10 0 04 08 1.2 1.6 20 25 29 33 3.7 |42

Aluminum glloys A 18.0 19.7 20.8 21.7 226 231 234 237 239 242 244 247 25.0 P52
B -40 -24 -15 0 0.7 1.3 1.9 25 31 37 44 51 57 |64

Titanium alloys (Grades 12,3, 7, A 8.2 8.3 8.4 8.5 8.5 8.6 8.6 8.6 8.7 8.7 8.7 8.8

and 12)

B -06 0 03 05 07 09 11 1.3 1.6 18 20 |22
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Table B-1 (SI)
Thermal Expansion Data (Cont’d)

A = Mean Coefficient of Thermal Expansion, 107° mm/mm/°C

B = Linear Thermal Expansion, mm/m

} in Going From 20°C to Indicated Temperature [Note (1)]

Temperature Range 20°C to

300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800
14.0 22—ttt S5t 781515615+ 1521535415657 158—155—t6 163
39 | 43 5 55 59 63 67 71 75 79 84 88 93 9 0.2 10.7 111 11.6 12.1~12p
133 [13.3 134 135 135 13.6 13.7 138 140 141 142 143 145 146 148 149 150 151 153 154 15p
37 41 44 48 51 55 59 63 67 71 75 80 84 88 93 98 102 107 al.2 116 12|
16.2 [16.3 164 16.5 16.5 16.6 16.7 168 168 169 17.0 17.1 172 17.2 173 174 1757176 17.7 178 17Pp
45150 54 58 63 67 72 76 81 85 90 95 99 104 109 114 11.9\124 129 134 14p
14.7 |148 149 150 151 151 152 153 154 155 156

41145 49 53 57 61 65 70 74 78 83

12.6 [12.8 129 13.0 13.1 13.2 133 134 135 13.6 13.7 138 139 140’ Y41 14.2 143 143 144 145 14p
35139 43 46 50 54 57 61 65 69 73 77 8185 89 93 97 101 105 109 114
18.0 [18.0

50 | 55

18.7 188 189 19.0 19.0 19.1 19.2 193 194 194 195 19.6 19.7 19.7 19.8

52 57 62 67 72 77 83 88 93 98,03 109 114 119 125

19.2 |19.3 19.5 19.6 198 20.1 20.3 20.5 20.72°20.8 21.0 21.2 214 216 218

54159 64 70 75 82 87 93- 99 105 111 118 124 13.1 13.7

16.5 |16.5 16.6 16.6 16.7

46 |50 55 59 63

25.5 |25.6

71178

88 188 89 .89 90 92

25 |27 9 32 34 37
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Table B-1 (SI)
Thermal Expansion Data (Cont’d)

NOTES:
(1) These data are for information and it is not to be implied that materials are suitable for all the temperature ranges shown.

(2) Group 1 alloys (by nominal composition):

Carbon steels (C, C-Si, C-Mn, and C-Mn-Si)

Cc-Mo
Y Cr-YsMo-V

1Cr-Y%Mo-V
1%,Ccr-%Mo
1Y,Cr-%Mo-Si

%,Ni-%Cu-Mo
%,Ni-%Cr-%Mo-V
3, Ni-1Mo-%4Cr

/,Cr-"/,Mo-Si
1/ZCr—l/zMo
YCr-"4Ni-%,Mo
%,Cr-Y%Ni-Cu
%,Cr-%,Ni-Cu-Al
1Cr-%Mo
1Cr-%Mo-Si

17/,Cr-"/,Mo-Cu
2Cr-"%Mo
2Y%,Cr-1Mo
3Cr-1Mo
Y%Ni-%Mo-V
YNi-%Cr-%Mo-V
%, Ni-%,Mo-Cr-v

1Ni-"4,Cr-/Mo
1%,Ni-1Cr-"4Mo
1%,Ni-¥,Cr-,Mo
2Ni-%,Cr-",Mo
2Ni-%,Cr-4Mo
2Y%Ni

3%Ni

1Cr-%%Mo %.Ni-,Mo-Y4Cr-v 3%Ni%1¥%Cr-%Mo-V

(3) Group ? alloys (by nominal composition):
Mn-V Mn-%Mo Mn-%Mo-Y%Ni
Mn-,Mo Mn-%Mo-Y,Ni Mn-Y%Me ¥/, Ni
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MANDATORY APPENDIX C
MODULI OF ELASTICITY

Seq Tables C-1 and C-2 [Tables C-1 (SI) and C-2 (SI)].
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Table C-2
Moduli of Elasticity for Nonferrous Material

E = Modulus of Elasticity, psi (Multiply Tabulated Values by 10°) [Note (1)]

Temperature, °F

Materials -100 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200
High Nickel Alloys
N02200 (200) 309 300 294 289 285 281 276 272 267 262 25.7 25.1 24.5
N02201 (201) 30.9 30.0 29.4 28.9 28.5 28.1 27.6 27.2 26.7 26.2 25.7 25.1 24.5
N04400 (4p0) 26.8 26.0 25.5 25.1 24.7 24.3 239 23.6 231 22.7 22.2 21.7 1.2
N06002 (X 29.3 285 279 275 271 267 262 258 254 249 24.3 2318 £3.2
N06007 (G 28.6 278 272 268 264 260 256 252 247 243 23.8 23.2 2.6
N06022 30.8 29.9 29.3 28.8 28.4 28.0 27.5 27.1 26.6 26.1 25.6 25.0 4.4
N06455 (Ct4) 30.7 29.8 29.2 28.7 28.3 27.9 27.4 27.0 26.5 26.0 2565 249 4.3
N06600 (6p0) 319 31.0 303 299 294 290 286 281 276 271 26.5 25.9 £5.3
N06617 (6[L7) 292 284 280 277 274 270 265 260 255 24.9 24.3 £3.8
N06625 (6p5) 309 300 294 289 285 281 276 272 267 X262 25.7 25.1 P4.5
N08020 28.8 28.0 27.4 27.0 26.6 26.2 25.8 25.4 24.9 24.4 23.9 23.4 2.8
N08320 (2P Mod) 28.6 27.8 27.1 26.7 26.4 26.0 25.7 25.3 24.7 24.2 23.6 23.2 p2.7
N08800 (8p0) (2) 29.3 285 279 275 271 267 262 N\258 254 249 24.4 23.8 £3.2
N08810 (8p0H) (2) 29.3 285 279 275 271 267 2624258 254 249 24.4 23.8 £3.2
N08825 28.8 280 274 27.0 266 262 258 254 249 244 23.9 23.4 £2.8
N10001 (B 32.0 311 304 300 295 291t 287 282 277 272 26.6 26.0 £5.3
N10276 (Ci{276) 30.7 298 29.2 287 283 ~\279 274 270 265 260 25.5 24.9 P
N10665 (B}2) 323 314 307 302 298 293 289 284 279 274 26.8 26.2 P5
Aluminum| and Aluminum Alloys
A24430 (Bft43) 10.5 10.0 9.6 92 8.7 8.1
A91060 (1060) 10.5 10.0 96 9.2 8.7 8.1
A91100 (1]100) 10.5 10.0 9.6 9.2 8.7 8.1
A93003 (3003) 10.5 10.0 9.6 9.2 8.7 8.1
A93004 (3904) 10.5 10.0 9.6 9.2 8.7 8.1
A96061 (6061) 10.5 10.0 9.6 9.2 8.7 8.1
A96063 (6063) 10.5 10.0 9.6 9.2 8.7 8.1
A95052 (5052) 10.7 10.2 9.7 9.4 8.9 8.3
A95154 (5]154) 10.7 10.2 9.7 9.4 8.9 8.3
A95454 (5454) 10.7 10.2 9.7 9.4 8.9 8.3
A95652 (5652) 10.7 10.2 9.7 9.4 8.9 8.3
A03560 (356) 10.8 10.3 9.8 9.5 9.0 8.3
A95083 (5083) 10.8 10.3 9.8 9.5 9.0 8.3
A95086 (5086) 10.8 10.3 9.8 9.5 9.0 8.3
A95456 (5456) 10.8 10.3 9.8 9.5 9.0 8.3
Copper and Copper Alloys
C83600 14.4 14.0 13.7 13.4 13.2 129 12.5 12.0
€92200 14.4 14.0 13.7 13.4 13.2 129 12.5 12.0
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Table C-2
Moduli of Elasticity for Nonferrous Material (Cont’d)

E = Modulus of Elasticity, psi (Multiply Tabulated Values by 10°) [Note (1)]

Temperature, °F

Materials -100 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200
Copper and Copper Alloys (Cont’d)
C46400 15.4 150 146 144 141 138 134 128
C65500 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8
€952(6 154 15-6 46 44 41 138 154 125
€954(0 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8
€102¢0 17.5 170 166 163 160 156 151 145
C110¢0 17.5 170 166 163 160 156 151 145
C120qQ0 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C122qQ0 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C125¢0 17.5 170 166 163 160 156 151 145
C142(0 17.5 170 166 163 160 156 151 145
€230(0 17.5 170 166 163 160 156 151 145
C614(0 17.5 170 166 163 160 156 151 145
C706(Q0 18.5 18.0 17.6 17.3 16.9 16.5 16.0: 15.4
€976(0 19.6 190 185 182 179 175 169 162
C710¢0 20.6 200 195 192 188 184 *178 17.1
C715(0 22.6 220 215 211 207 202<¢ 19.6 188
Unallpyed Titanium
Gradep 1, 2, 3, 7, and 12 155 150 146 140 133 126 119 112
NOTEY:
(1) THese data are for information and it is not to be implied that materials are suitable for all the temperature ranges showi}.
(2) Fqr N08800 and N08810, use the following E values-above 1,200°F: at 1,300°F, E = 22.7; at 1,400°F, E = 21.9; at 1,500°F, E § 21.2 x 10°.
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(24) FLEXIBILITY AND STRESS INTENSIFICATION FACTORS

DELETED (see ASME B31J)
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MANDATORY APPENDIX F
REFERENCED STANDARDS

(24)

Specific editions of standards incorporated in this Code by reference are shown in this Appendix. It is not practical to

refer o-2 cpnrﬂﬁr‘ editionofeach standard fhrnnnhnnr the Code h:\vf but |nc1’nnr‘ the cpnriﬁr‘ editionreferenc

showh here. This Appendix is revised as needed The websites of the sponsoring organizations are also_sho

Appendix.

dates are
wn in this

Amerjican National Standard

7223.1-2012

API Specifications
5L, 46th Edition, 2018
570, 3rd Edition, 2009
571, 3rd Edition, 2020
574, 4th Edition, 2016
579-1 latest edition

ASCE/SEI Standard
7-16 |Note (1)]

ASMH Codes and Standards

Boilen] and Pressure Vessel Code,

latgst edition

A13.1+2015
B1.1-1989
B1.13M-2001

B1.20/1-1983 (R2001)
(ANSI/ASME B1.20.1)

B1.20{3-1976 (R1998)

ASME Codes and Standards (Cont’d)
B16.26, latest edition

B16.34, latest edition

B16.36, latest edition

B16.42, latest edition

B16.47, latest edition

B16.48, latest edition

B16.50, latest edition

B16.51-2021

B18.2.1-1996 (1999a)

B18.2.2-1987 (R1999)
(ASME/ANSI B18.2:2)

B18.2.3.5M-1979'(R2001)
B18.2.3.6M-1979(R2001)
B18.2.4.6M-1979 (R1998)
B18.214-1999
B18.22M-1981
B18.22.1-1965 (R1998)
B18.31.1M-2008 (R2016)
B18.31.2-2014

ASME Codes and Standards ((

ASNT Standards
CP-189-20
SNT,TC-1A-20

ASTM Specifications [Note (2)]

A36/A36M-19
A47/A47M-99 (2018)%!
A48/A48M-16
A53/A53M-20

A105/A105M-21
A106/A106M-19
A125-96 (2018)
A126-14

A134-19
A135/A135M-21
A139/A139M-16
A178/A178M-19
A179/A179M-19
A181/A181M-14 (2020)
A182/A182M-21

ont’d)

B31.3-2022 _
(ANSI B1.20.3) A192/A192M-17
B314-2022 A193/A193M-20
B31.8-2022
B16.1} latest edition B316.2010 A194/A194M-20a
B16.3| latest edition A197/A197M-00 (2019)
B31J-2017
B16.4{ latest edition B31P-2017
B16.5} latestsedition B31T-2021 A210/A210M-19
B16.9} latest/edition B36.10M.2018 A213/A213M-21a
B16.10latest edition ) A214/A214M-19
B31.12-2019

B16.11, latest edition
B16.14, latest edition
B16.15, latest edition
B16.18, latest edition
B16.20, latest edition
B16.21, latest edition
B16.22, latest edition
B16.24, latest edition
B16.25, latest edition

B36.19M-2018

CA-1, latest edition
FFS-1, latest edition
PCC-1, latest edition
PCC-3-2017

QAI-1, latest edition
TDP-1-2013
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A216/A216M-18
A217/A217M-22
A229/A229M-18
A234/A234M-19
A240/A240M-20a
A242/A242M-13 (2008)
A249/A249M-18a
A254/A254M-12 (2019)
A268/A268M-20
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ASTM Specifications [Note (2)] (Cont'd)
A276/A276M-17

A278/A278M-01 (2020)

A283/A283M-18

A285/A285M-17

A299/A299M-17

A307-14
A312/A312M-21

ASME B31.1-2024

ASTM Specifications [Note (2)] (Cont'd)
A815/A815M-20

ASTM Specifications [Note (2)] (Cont'd)
B367-13

A320/A320M-18
A322-13 (3018)
A333/A333M-18
A335/A335M-21
A336/A33¢M-21
A350/A350M-18
A351/A35]M-18
A354-17
A358/A35§M-19
A369/A369M-18a
A376/A37¢M-19
A377-18
A387/A387M-17a

A389/A389M-13 (2008)
A395/A395M-99 (2008)

A403/A403M-19a
A409/A409M-19
A420/A42QM-20
A426/A426M-18
A437/A43TM-15
A449-14 (2020)
A450/A450M-18a
A451/A45]M-20
A453/A453M-17
A479/A479M-20

A515/A51%M-17
A516/A516M-17
A530/A530M-18
A536-84 (R19)

A564/A564M-192
A575-20
A576-90b (R17)

A587-96 (R19)

A671/A671M-20
A672/A672M-19
A691/A691M-19

A789/A789M-20
A790/A790M-20

B381-13
A928/A928M-14 (2021)
A965/A965M-21 B407-04
A992/A992M-20 B408-06
A1091/A1091M-21 B409-06 !

B423-05
B16/B16M-19 B424-05
B26/B26M-18 B425-99 (RO5)
B32-04 B435-06
B42-20 B443-00 (RO5)
B43-20 B444-06
B61-15 B446-03 (R08)
B62-17 B453/B453M-19
B68/B68M-19 B462-06
B75-20 B463-04
B88-20 B464-05
B88M-20 B466/B466M-18

B467-14
B108-06 B468-04
B111/B111M-18 B473-07
B148-18
B150/B150M-19 B546-04
B151/B151M-20 B564-06a
B161-05 B572-06
B163-04 B574-06 !
B165-05 B575-06
B166-08 B584-14
B167-11
B168-08 B608-18
B171-18 B619-06

B622-06
B209/B209M-14 B625-05
B210/B210M-19a B626-06
B221-14 B649-06
B234-17 B673-05 ¢!
B234M-17 B674-05
B241/B241M-16 B675-02
B247-20 B676-03
B247M-20 B677-05
B251/B251M-17 B688-96 (R04)
B265-20a B690-02 (R0O7)
B280-20 B691-95
B283/B283M-20

B704-03
B302-17 B705-05
B315-19 B706-18
B338-17 B729-05
B348/B348M-19
B361-02 B804-02
B366-04b ! B828-02
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ASTM Specifications [Note (2)] (Cont'd)
B861-19

ASME B31.1-2024

AWWA and ANSI/AWWA
Standards (Cont'd)

MSS Standard Practices (Cont’
SP-55-06

d)

B862-19 SP-58-09
F1476-07 (R2013) €300-16 SP-61-13
F1548-01 (R2018) €301-14 (R19) SP-67-11
F3125/F3125M-23 €302-16 SP-68-11
F3226-19 €304-14 (R19) SP-75-14
SP-79-11
ASTM Standard Test Methods €500-19 SP-80-13
D323{06 €504-15 SP-83-14
E94-(4 €509-15 SP-88-10
E125{85 (R04) C516-14 SP-93-99 (R04)
E186{04 SP-94-92
E280{04 €600-17 SP-95-14
E446104 C606-15 SP-97-12
E1003-13(2018) SP-105-10
E293(0-13 EJMA Standards SP-106:12
Standards of the EJMA, Inc., 10th Edition 2015 SP-128-12
AWS Bpecifications SP-136-20

A3.0-20
D10.10-21
Qc1-16

AWWA and ANSI/AWWA
Stapdards

C1104/A21.10-12
C111/A21.11-17
C115/A21.15-20
C150/A21.50-14
C151/A21.51-17
C153/A21.53-19

C200417
C207418
C208417

FCI Standard
79-1-09

ISO Standard
ISO 9712-2012

MSS Standard Practices
SP-6-12

SP-9-13

SP-25-13

SP-42-13

SP£43-13

SP-45-03 (R08)
SP-51-12

SP-53-99 (R07)
SP-54-99 (R07)

National Fire Codes and Standj{
NFPA 56-23

NFPA 85-23

NFPA 1963-19

PFI Standards
ES-16-08
ES-24-08
ES-50-20

SAE Standard
SAE J429 (May 2014)

hrds

GENERALNOTE: Theissue date shownimmediately following the hyphen after the number of the standard (e.g., B1.1-1989,A36/A3
12) is fthe effective date of isstie)(edition) of the standard. B18.2.2-1987 (R1999) designates reaffirmation without change in 1

NOTE}:

(1) The Code incorporates by reference the listed edition of ASCE 7. A different edition of the standard may be required by the auth|

juripdiction.

(2) For boiler external piping material application, see para. 123.2.2.

M-05, SP-6-
D99.

prity having
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Specifications and standards of the following organizations appear in this Appendix:

Organization

Website

American Institute of Steel Construction (AISC)

American National Standards Institute (ANSI)

American P|
American S
The Americ
The Amerid|
ASTM Inter
American W
American W
Expansion ]|
Fluid Contr
Internation.
Manufactur
National Fiy
Pipe Fabric:
Plastics Pip
SAE Internd

Structural H

www.aisc.org

www.ansi.org

ptroleum Institute (API)

bciety of Civil Engineers (ASCE)

hn Society of Mechanical Engineers (ASME)
hn Society for Nondestructive Testing (ASNT)
hational

felding Society

fater Works Association (AWWA)

oint Manufacturers Association (EJMA)

Is Institute (FCI)

1 Organization for Standardization (ISO)

brs Standardization Society of the Valve and Fittings Industry:
e Protection Association

tion Institute (PFI)

e Institute (PPI)

tional

ngineering Institute of ASCE (SEB

www.api.org
www.asce.org
www.asme.org
www.asnt.org
www.astm.org
WWW.aws.org
wwiy.awwa.org
www.ejma.org
www.fluidcontrolsinstitute.org
www.iso.org
www.msshq.org
www.nfpa.org
www.pfi-institute.org
www.plasticpipe.org
WWww.sae.org

www.seinstitute.org
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MANDATORY APPENDIX G
NOMENCLATURE

(24)

This Appendix is a compilation of the nomenclature also defined at a convenient location within [the Code.
used within this Code. Included are the term definitions When used elsewhere within the Code,/d¢finitions
and upits that can be uniformly applied. These terms are given here shall be understood to apply,

Units References
Table/Figyre/
Symbgl Definition SI uscC Paragraph Appendix
A Corrosion, erosion, and mechanical allowances mm in. 102.4.5(bJ\egs. (3), Figure 104.3.1-
(including threading, grooving) (4)]; 164.1.2(a) [eqs.
(78, (9), (10)]
1043.1(g)
104.4.1(b)
104.5.2(b) [eq. (13)]
104.5.3(a)
Aq Area available for reinforcement in run pipe mm? in.2 104.3.1(d)(2)(-c) Figure 104.3.1-
104.3.1(g)(6) Figure 104.3.1-
A, Area available for reinforcement in branch pipe fmm? in.? 104.3.1(d)(2)(-c) Figure 104.3.1-
104.3.1(g)(6) Figure 104.3.1-
As Area available for reinforcement by depositedmetal mm? in.2 104.3.1(d)(2)(-c) Figure 104.3.1-
beyond outside diameter of run and branch and for
fillet weld attachments of rings, padsyand*saddles
Ay Area available for reinforcement by reinforcing ring, ~mm? in.2 104.3.1(d)(2)(-c) Figure 104.3.1-
pad, or integral reinforcement 104.3.1(g)(6) Figure 104.3.1-
As Area available for reinforcement.in saddle on right mm? in.2 104.3.1(d)(2)(-c) Figure 104.3.1-
angle connection
Ag Pressure design area expected at the end of service life mm? in.2 104.3.1(d)(2) Figure 104.3.1-
Az Required reinforcement’area mm? in.2 104.3.1(d)(2)(-b) Figure 104.3.1-
Ap Cross-sectionalqnatetial area of the pipe mm?* in.2 104.8.1 Figure 104.8-1
104.8.2 Figure 104.8-1
104.8.3 Figure 104.8-1
104.3.1(g)(5) Figure 104.3.1-
B Length of miter segment at crotch mm in. 104.2.3(a)
104.2.3(b)
b Subseriptreferring to-branch 104.3.1£d}{2) Eigure 104-3-1
C Cold-spring factor 119.10.1 [egs. (18), (19)] ..
Cy Size of fillet weld for socket welding components other mm in. Figure 127.4.4-3
than flanges
D Nominal pipe size mm in. 119.7.1(a)(3)
d Inside diameter of pipe mm in. 104.1.2(a) [egs. (8), (10)] Table 104.1.2-1
d Nominal diameter of hole mm in. 104.3.1(c)(6)
dq Inside centerline longitudinal direction of the finished mm in. 104.3.1(d) Figure 104.3.1-1
branch opening in the run of the pipe 104.3.1(e)
d, Half width of reinforcement zone mm in. 104.3.1(d)(2) Figure 104.3.1-1
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Units References
Table/Figure/
Symbol Definition SI usc Paragraph Appendix
ds Diameter of finished opening mm in. 104.4.2
de Inside or pitch diameter of gasket mm in. 104.5.3(a) [eq. (14)] Figure 104.5.3-1
dp Corroded internal diameter of branch pipe mm in. 104.3.1(g)(4) Figure 104.3.1-2
d; Corroded internal diameter of extruded outlet mm in. 104.3.1(g)(4) Figure 104.3.1-2
104.3.1(g)(5)
104.3.1(g)(6)
d; nside diameter of Y-globe valve mm in. Figure 122.1.7-1
dn Nominal inside diameter of pipe mm in. 102.3.2(a)
D, utside diameter of pipe mm in. 102.3.2(a)
104.1.2(a) [egs. (7), (9)] Table 104.1.2-1
104.8.1 Figure\104.8-1
104.8.2 Figure 104.8-1
Dop Dutside diameter of branch mm in. 104.3.1(d)(2)
104.3.1(d)(2)(-c) Figure 104.3.1-2
104.3.1(e)
104.3.1(g)(4)
104.3.1(g)(5)
Do utside diameter of header or run pipe mm in. 104.3.1(d)(2) Figure 104.3.1-2
104.371(e)
104.3.1(g)(4)
104.3.1(g)(5)
d, Corroded internal diameter of run mm in. 104.3.1(g)(4) Figure 104.3.1-2
E Weld joint efficiency factor 104.1.2(a) Table 102.4.3-1
Mandatory Appendix A
Notes and Tables
E Young’s modulus of elasticity (used with subscripts) , (MPa psi 119.6.2 Tables C-1 and C-2
119.6.4
119.10.1 [egs. (18), (19)]
F Casting quality factor 104.1.2(a) Mandatory Appendix A
Notes and Tables
f tress range reduction factor 102.3.2(b) [egs. (14),
(1B), (10)]
F, Longitudinal force due to sustained loads N Ibf 104.8.1 Figure 104.8-1
Fy Longitudinal force due to gccasional loads N Ibf 104.8.2 Figure 104.8-1
F. Longitudinal force due to displacement loads N Ibf 104.8.3 Figure 104.8-1
h ubscript referring,.tosruh or header 104.3.1(d)(2) Figure 104.3.1-1
Figure 104.3.1-2
[hread depth-(xef. ASME B1.20.1) mm in. 102.4.2
[hrough«wdll/dimension (height) of a flaw drawn mm in. 0-8(a)(2) Figure 0-8-1
normalito the inside pressure surface of the 0-8(a)(4) Table 0-9-1
component Table 0-9-2
lable 0-9-3
h, Height of extruded lip mm in. 104.3.1(g)(2) Figure 104.3.1-2
104.3.1(g)(4)
I Lorenz equation compensation factor 102.4.5 [egs. (3), (4),
(5), (6)]
i, I i, Iy In-plane, out-of-plane, and torsional stress 104.8.3 Figure 104.8-1
intensification factors
iq Axial stress intensification factor 104.8.3 Figure 104.8-1
I 1, I, In-plane, out-of-plane, and torsional moment indices 104.8.1, 104.8.2 Figure 104.8-1
K Factor for reinforcing area 104.3.1(g)(5) Figure 104.3.1-2
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Units References
Table/Figure/
Symbol Definition SI usc Paragraph Appendix
k Factor for occasional loads 104.8.2 Figure 104.8-1
L Developed length of line axis m ft 119.7.1(a)(3)
Ly Altitude of reinforcing zone outside run pipe mm in. 104.3.1(d)(2) Figure 104.3.1-1
Lg Altitude of reinforcing zone for extruded outlet mm in. 104.3.1(g)(4) Figure 104.3.1-2
104.3.1(g)(6)
{7 eﬂgth 9£ f SLiva d;a“;n paFa elto ;he l‘HSide pFeSS"F@ R - a) Q(q}(1} Eu‘gnvn 0.9.1
retaining surface of the component Table 0-9-1
Table 09=2
Table 0-9-3
M;4, M}, In-plane, out-of-plane, and torsional moments for mm-N in-lb 104.8.1 Figure 104.8-1
My sustained loads
Mg, Mlp, In-plane, out-of-plane, and torsional moments due to mm-N in.-lb 104.8.2 Figure 104.8-1
Mg sustained loads and occasional loads
Mic, Mlc, In-plane, out-of-plane, and torsional moments for mm-N in.-lb 104.8.3 Figure 104.8-1
M, displacement loads
MAWH Maximum allowable working pressure kPa psi 100.2
MSOP Maximum sustained operating pressure kPa psi 101.2:2
N Total number of equivalent reference displacement 102:8.2(b) [eq. (2)]
stress range cycles
Ng Number of cycles of reference displacement stress 102.3.2(b) [eq. (2)]
range
N; Number of cycles associated with displacement stress 102.3.2(b) [eq. (2)]
range
NPS Nominal pipe size in. 100.1.2
P Internal design gage pressure of pipe, component kPa psi 102.3.2(a)
104.1.2(a) [egs. (7), (8),
(9), (10)]
104.5.1(a)
104.5.2(b)
104.5.3(a) [eq. (14)]
104.5.3(b)
104.8.1 Figure 104.8-1
122.1.2(a)
122.1.3(a)
122.1.4(a)
122.1.4(b)
122.1.6(b)
122.1.7(c)
122.4(b)
qr Ratio of computed stress range other than reference 102.3.2(b) [eq. (2)]
range (S;) to computed reference stress range (Sg)
R Centerline radius of elbow or bend, and effective Tm . T0Z45(b)
“radius” of miter bends 104.2.3 Figure 102.4.5-1
129.3.4.1
R Reaction moment in flexibility analysis (used with mm-N in.-lb  119.10.1 [egs. (18), (19)]
subscripts)
r Mean radius of pipe using nominal wall ¢, mm in. 104.2.3
r Half width of reinforcement zone mm in. 104.3.1(g)(4) Figure 104.3.1-2
R¢ Mean radius after forming mm in. 129.3.4.1
Ry Original mean radius mm in. 129.3.4.1
r, Radius of curvature of external curved portion mm in. 104.3.1(g)(2) Figure 104.3.1-2
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Units References
Table/Figure/
Symbol Definition SI usc Paragraph Appendix
104.3.1(g)(4)
104.3.1(g)(6)
T'od Normal outside radius of pipe or tube mm in. 129.3.4.1
S Basic material allowable stress MPa psi 122.1.2(a)
122.1.3(b)
122.4(b)(3)
S Basic material allowable stress MPa ksi 102.3.1(a) Mandatory Appendix A
Tables and Notes
S eparation between the outer extent of a flaw and the mm in. 0-8(a)(4) Figure 0-8-4
nearest surface
Sa Allowable stress range for expansion stress MPa psi 102.3.2(b) [egs. (14),
(1B), (10)]
104.8.3 Figure 104.8-1
Sa Bolt design stress at atmospheric temperature kPa psi 104.5.1(a)
Sp Bolt design stress at design temperature kPa psi 104.5.1(a)
Se Basic material allowable stress at minimum (cold) MPa psi 102.3.2(b) [egs. (1A,
temperature (1B), (10)]
Sk Reference displacement stress range MPa psi 102.3.2(b)
104.8.3 Figure 104.8-1
119.6¢4
119:10.1 [eq. (19)]
N Allowable stress for flange material or pipe kPa psi 104.5.1(a)
Sh Basic material allowable stress at maximum (hot) MPa psi 102.3.2(b) [eqs. (1A),
temperature (1B), (10)]
104.8.1 Figure 104.8-1
104.8.2 Figure 104.8-1
104.8.3 Figure 104.8-1
119.10.1 [eq. (19)]
S Computed stress range other than referencelstress kPa psi 102.3.2(b) [eq. (2)]
range
Sip Longitudinal pressure stress kPa psi 102.3.2(a) Figure 104.8-1
104.8
104.8.1
M Longitudinal stress due to préssure, weight, and other MPa psi 102.3.2(a)(3)
sustained loads
104.8.1 Figure 104.8-1
So ccasional stress.dfie to pressure, weight, sustained = MPa psi 104.8.2 Figure 104.8-1
loads, and oceasional loads
SE Allowablegtress (including weld joint efficiency factor) MPa psi 104.1.2(a) [egs. (7), (8),
(9), (10)]
104.5.2(b)
104.5.3(a) [eq. (14)]
104.5.3(b)
SE Allowable stress (including weld joint efficiency factor) MPa ksi 102.3.1(a) Mandatory Appendix A
Tables and Notes
SF Allowable stress (including casting quality factor) MPa psi 104.1.2(a)
SF Allowable stress (including casting quality factor) MPa ksi 102.3.1(a) Mandatory Appendix A

Tables and Notes
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Units References
Table/Figure/
Symbol Definition SI usc Paragraph Appendix
T Actual pipe wall thickness (by measurement) or the mm in. 104.3.1(d)(2) Figure 104.3.1-1
minimum wall thickness permissible under the 104.3.1(g)(4) Figure 104.3.1-2
purchase specification, used with or without 1043.1
subscripts, namely 04.3.1(g)(6)
T, = thickness of branch 104.8.4(c)
T}, = thickness of header, etc.
t Pressure design thickness pipe, components mm in. 104.1.2(a) [eqs. (7), (8), Figure 104.3.1-2
tused-with—stbseripts 9163 Frgure 1047573
104.3.1(d)(2) Figure 127.4.8<4
104.3.1(g)(4)
104.2.3(c)(3)(-a)
104.2.3(c)(3)(-b)
104.4.1(b)
104.4.2
104.5.2(b) [eq. (13)]
104.5.3(a) [eq. (14)]
104.5.3(b)
104.8.1 Figure 104.811
104.8.4(¢)
12748(b)
132.4.2(e)
t. Throat thickness of cover fillet weld, branch connection mm in. 127.4.8(b) Figure 127.4.8-4
132.4.2(e) Figure 127.4.8-
t, Effective branch wall thickness mm in. 104.8.4(c)
tm Minimum required thickness of component, including mm in. 104.1.2(a) [egs. (7), (8), Table 102.4.5-1
allowances (A) for mechanical joining, corrosion, (9), (10)] Table 104.1.2-1
etc. (used with subscripts), namely 104.3.1(d)(2 Fi 1043.1
tmp = minimum thickness of branch 3.1(d)(2) lgure o
tmn = minimum thickness of header 104.3.1(e) Figure 104.3.1-
104.3.1(g) Figure 127.4.2-
104.2.3(c)(3)(-a)
104.2.3(c)(3)(-b)
104.4.1(b)
104.5.2(b) [eq. (13)]
104.5.3(a)
t, Nominal wall thickness 0f gomponent (used with mm in. 102.3.2(a)(3) Figure 127.4.4-
subscripts), namely 104.2.3 Figure 127.4.4-
t,» = nominal wall thickness of branch 10481 Fi 1274.8-4
t,n = nominal“wall thickness of header e F%gure 1 4' '1-
t, = nominal thickness of reinforcement igure 104.8-
104.8.2 Figure 127.4.8-
Figure 104.8-1
104.8.4(c)
127.4.8(b)
129.3.4.1
13Z4°2(€)
T, Corroded finished thickness extruded outlet mm in. 104.3.1(g)(4) Figure 104.3.1-2
104.3.1(g)(6)
t, Thickness of reinforcing pad or saddle mm in. 104.3.1(d)(2) Figure 104.3.1-1
104.3.1(e)
ts Wall thickness of segment or miter mm in. 104.2.3(c)(3)
tw Weld thickness mm in. 104.3.1(c)(2) Figure 127.4.8-7
U Anchor distance (length of straightline joininganchors) m ft 119.7.1(a)(3)
w Weld strength reduction factor 102.4.5(b) Table 102.4.7-1
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Units References
Table/Figure/

Symbol Definition SI usc Paragraph Appendix

102.4.7

104.1.2
Xmin Size of fillet weld for slip-on and socket welding flanges mm in. Figure 127.4.4-2

or socket wall for socket welds
Resultant of movement to be absorbed by pipelines ... 119.7.1(a)(3)
y A coefficient having values given in Table 104.1.2-1 104.1.2(a) [egs. (7), Table 104.1.2-1
£8) (91 r10\
CUASC U SASS Mandatory Appendiy A,
Notes to Tables| A,
A-5, A-6, A¢%, and A-9

A ection modulus of pipe mm? in3 104.8.1 Figure 104:8:1

104.8.2 Figure 104.8-1

104.8.3 Figlire 104.8-1
a Angle between axes of branch and run deg deg 104.3.1(d)(2) Figure 104.3.1-1

104.3.1(e)
6 Angle of miter cut deg deg 104.2.3
> Equal to or greater than
< Equal to or less than
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MANDATORY APPENDIX H
PREPARATION OF TECHNICAL INQUIRIES (24)

Information formerly in this Appendix has been moved to the Correspondence With the B31 Committeé gage in the
front |matter.

277


https://asmenormdoc.com/api2/?name=ASME B31.1 2024.pdf

ASME B31.1-2024

MANDATORY APPENDIX N
RULES FOR NONMETALLIC PIPING AND PIPING
LINED WITH NONMETALS

FOREWQORD addressed in the body of the Code. To address these,
. . . . the requirements and recommendations.for the yse of

ASME B31',1 contams. rules governing th.e de.SIgn, fap”' nonmetallic piping (except in paras, 105.3, 108.4f 116,
cation, mg terials, el.‘ectlon, test, exammatl.og, inspection, and 118) have been separatelyp.assembled i1} this
operation, and maintenance of power piping systems.
Experiende in the application of nonmetallic materials
for piping|systems has shown that a number of considera-
tions exidt for the use of these materials that are not

Appendix.
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Chapter N-I
Scope and Definitions

ccordance

bmponent

N-10p GENERAL N-100.2 Definitions and Abbreviations

This Appendix provides requirements for the design, N-100.2.1 Terms and definitions relating to plastic and
materials, fabrication, erection, testing, examination, other nonmetallic piping materials shall be in a|
and Inspection of nonmetallic piping and metallic with ASTM D883. The following terms and definitions are
piping lined with nonmetals within the jurisdiction of  in addition to those provided-in’ASTM D883:
the ASME B31.1 Power Piping Code. All references to adhesive: amaterial designedtojoin two other ¢
the Code or to Code paragraphs in this Appendix are

to Af§
ASMH
and A
Appe
and €
fabrid
ment
limit
pipe,

ME B31.1. Alternatively, the requirements in
NM.1, ASME NM.2, ASME NM.3.1, ASME NM.3.2,
SME NM.3.3 may be used in their entirety. In this
ndix, nonmetallic piping shall be limited to plastic
lastomer-based piping materials, with or without
or fibrous material added for pressure reinforce-
Metallic piping lined with nonmetals shall be
bd to factory-made plastic-lined ferrous metal
fittings, and flanges produced to one of the
prodfict standards for plastic-lined piping materials
listed| in Table N-126.1-1.
Standards and specifications incorporated in this
Appendix are listed in Table N-126.1-1.
The provisions in Chapters I through Viiand in
Mandatory Appendices A through F are requirements
of thi$ Appendix only when specifically referenced herein.

N-10

N-100.1.1 All applicable requirements of para. 100.1
and the limitations of para. 105.3 shall be met in addition
to th¢se in this Appendix.

N-]

.1 Scope

00.1.2 Use of this\Appendix is limited to

materials together by surface attachment (bonding).

adhesive joint: a bonded-joint made using an adhesive on

the surfaces to be*joined.

bonder: one who performs a manual or semiputomatic

bonding operation.

bonding operator: one who operates a machinge or auto-

mati¢bonding equipment.

bending procedure: the detailed methods and
tnvolved in the production of a bonded joint.

Bonding Procedure Specification (BPS): the docu
lists the parameters to be used in the const
bonded joints in accordance with the requir
this Code.

butt-and-wrapped joint: a joint made by applyi
reinforcement saturated with resin to the surf
joined.

practices

ment that
ruction of
bments of

ng plies of
hces to be

chopped roving: a collection of noncontinul
strands gathered without mechanical tw
strand is made up of glass filaments bonded
with a finish or size for application by choppe

ous glass
ist. Each
together
r gun.

chopped strand mat: a collection of randomly oriented

ss strands
echanical

(a)| water service, glass fiber strands, chopped or swirled together with a
(b)| nonflammable and nontoxic liquid, dry material, binder in the form of a blanket.
and sfurry systems. continuous roving: a collection of continuous gla
(c) | otherservices as specifically listed in section N-122. . g:acol . 5
N : . ] wound into a cylindrical package without m
(d)| metallic piping lined with nonmetals. If used in twist
accondance with para. 122.9 for conveying corrosive :

liquids and gases, the design of the lined piping system
shall meet the requirements of para. 104.7.

N-100.1.3 Nonmetallic piping systems shall not be
installed in a confined space where toxic gases could
be produced and accumulate, either from combustion
of the piping materials or from exposure to flame or
elevated temperatures from fire.

279

curing agent: a reactive material that, when combined
with a resin material, reacts or polymerizes (cross-
links) with the resin; also referred to as a hardener.

diluent: areactive modifying material, usually a liquid, that
reduces the concentration of a resin material to facilitate
handling characteristics and improve wetting.
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electrofusion: a heat fusion joining process where the heat
source is an integral part of the fitting, such that when
electric current is applied, heat is produced that melts
and joins the plastics.

fire retardant resin: a specially compounded material
combined with a resin material designed to reduce or
eliminate the tendency to burn.

flexibilizer: amodifying liquid material added to a resinous
mixture designed to allow the finished component the

solvent cement joint: a joint using a solvent cement to
soften the surfaces to be joined, after which the joining
surfaces are pressed together and become essentially
one piece as the solvent evaporates.

stiffness factor: the measurement of a pipe’s ability to
resist deflection, as determined in accordance with
ASTM D2412.

thixotropic agent: a material added to resin to impart high
static shear strength (viscosity) and low dynamic shear

ability to e flexed orless rigid and more prone to bending.

grout: a h
and trans

pavily filled paste material used to fill crevices
tions between piping components.

heat fusio
joined an
become e

1 joint: a joint made by heating the surfaces to be
d pressing them together so they fuse and
Esentially one piece.

hot-gas W
heating a
with a strg
soften, aff]
together 4

elded joint: a joint made by simultaneously
filler material and the surfaces to be joined
am of hot air or hot inert gas until the materials
ler which the surfaces to be joined are pressed
nd welded with the molten filler material.

design basis (HDB):
forced thermosetting resins (filament wound or
lly cast): one of a series of established stress
values splecified in ASTM Test Method D2992 for an
RTR component, obtained by categorizing the long-
term hydfrostatic strength determined in accordance
with Test|Method D2992.

for therinoplastics: one of a series of established stress
values sp¢gcified in ASTM Test Method D2837 for a plastie
compoundl, obtained by categorizing the long-term-hydro-
static strength determined in accordance with Test
Method 0)2837. This method subjects the material to
tensile strfess for an extended period of time}'and extrap-

hydraulic
for rein|
centrifugg

hydrostat
tensile st

c design stress (HDS): the-estimated maximum
ss in the wall of the{pipe in the circumferential
due to internalthydrostatic pressure that can

liner: a cogtinger layer of material, constructed as, applied
to, orinserte Hhi-theiast HHRE-€oH
nent, intended to protect the structure from chemical
attack, to inhibit erosion, or to prevent leakage under
strain.

seal weld: the addition of material external to a joint, by
welding or bonding, to enhance leak tightness.
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strength.
d in a
ation.
winding angle: the acute angle (0 in Figure N-100.2.1-1)
between the pipe longitudinal axis aridthe helical wihding
of the reinforcing filament beingwound around a mgndrel
to produce a filament-wound, fiber-reinforced thernjoset-
ting resin pipe.

ultraviolet absorber: a material that, when combihe|
resin mixture, will selectively absorb ultraviolet radi

woven roving: a heavy glass-fiber fabric reinforcing mate-

rial made by the weavihg of glass fiber roving.

N-100.2.2 Abbreviations. Abbreviations used i
Appendix denfote ‘materials and terms as follows:

h this

Abbreviation Term
ABS [Noter(1)] Acrylonitrile-butadiene-styrene
AP Polyacetal
CP. Chlorinated polyether
CPVC [Note (1)] Chlorinated poly(vinyl chloride)
DS Design stress
FEP [Note (1)] Perfluoro(ethylene propylene)
HDB Hydrostatic design basis
HDPE High density polyethylene
HDS Hydrostatic design stress
PA [Note (1)] Polyamide (nylon)
PB Polybutylene
PE [Note (1)] Polyethylene
PFA Poly(perfluoroalkoxy)
POP Poly(phenylene oxide)
PP [Note (1)] Polypropylene
PP-R Polypropylene (random)
PPS Polyphenylene
PR Pressure rated

PTFE [Note (1)] Polytetrafluoroethylene

PVDC Poly(vinylidene chloride)

PVDF Poly(vinylidene fluoride)

RTR Reinforced thermosetting resin

SDR Standard dimension ratio

SIDR Standard inside diameter dimension ratio

NOTE: (1) Abbreviation in accordance with ASTM D1600.
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Figure N-100.2.1-1
Winding Angle of Filament-Wound Thermosetting Resin Pipe

Reinforcing fiber filament Reinforcing fiber filaments
strands on forward winding on return winding
SN
0/ SOSN8
//////// Y
Y N S
| RN ____/_x.;_/T __________ I
Mandrel Pipe
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Chapter N-II
Design

PART 1
CONDITIONS AND CRITERIA

N-101 D
N-101.1

N-101.]

apply for
except as

N-101.1.2 The design of nonmetallic piping systems
shall ensyire the adequacy and suitability of material
and its mpnufacture, considering at least the following:

(a) tengile, compressive, flexural, shear strength, and
modulus of elasticity at design temperature (long-term
and shorttterm)

(b) cregp characteristics for the service conditions

(c) desjgn stress and its basis

(d) coefficient of thermal expansion

(e) dudtility and plasticity

(f) imppct and thermal shock properties

(g) tenjperature limits for the service

(h) tramsition temperatures: melting and vaporization

(i) toxifity of the material or of the gases produced by
its combulstion or exposure to elevated temperatures

(j) porgsity and permeability

(k) test methods

(1) methods of making joints and their efficiency

(m) deterioration in the service environment

(n) thel effects on unprotected piping from external
heat sourges, including solar radiation

ESIGN CONDITIONS

General

.1 The design conditions of para. 101 shall
the design of nonmetallic piping systems,
noted below.

N-101.2

N-101.2.1 Basis‘for Design Pressure. For metallic
piping, desigm pressure is based on the maximum
sustainedl operating pressure, in accordance with

Pressure

N-101.3 Temperature

ptallic
mum

with
fation
para.
aitions
itions

N-101.3.1 Basis for Design Temperature:; For m
piping, design temperature is based on, thé max
sustained operating temperature, innaccordance
para. 101.3.2, with an allowance for occasional ope
above design temperature, iov aceordance with
102.2.4. For nonmetallic piping,allowances for vari
of pressure, temperature, of’both above design con
are not permitted. It is the designer’s responsibility to
identify probable oceasional temperature varigtions
and to allow for thém in determining design temperpture.
See para. N-102:24(a).

N-101.3:2 . Temperature Gradient Through
Because ‘some nonmetallic piping materials hav
thermal’conductivity, there can be a significant tem
turé.gradient through the component w
Table N-102.2.1-1, Note (2) describes how this is ¢
ered in determining allowable stresses for nonm
materials.

Wall.
e low
pera-
alls.
nsid-
btallic

N-102 DESIGN CRITERIA
N-102.1 General

These criteria cover pressure-temperature ratings for
standard and specially designed components, allowable
stresses, stress limits, and various allowances [to be
used in the design of piping and piping componerits.

N-102.2 Pressure-Temperature Ratings for
Components
N-102.2.1 Components Having Specific Ratings

(a) Standard components have specific presfure-
temperature ratings established in accordance with the
standards listed in Table N-126.1-1. Other compopnents

para. 101.2.2, with an allowance for occasional operation
above design pressure, in accordance with para. 102.2.4.
For nonmetallic piping, allowances for variations of pres-
sure, temperature, or both above design conditions are not
permitted. It is the designer’s responsibility to identify
probable occasional loads and to consider them in deter-
mining design pressure. See para. N-102.2.4(a).

282

may be used in accordance with para. N-102.3. The
ratings of Tables N-102.2.1-1 through N-102.2.1-3 are
the limiting values for allowable stresses at temperature
in this Appendix.

(b) The application of pressures exceeding the pres-
sure-temperature ratings of valves and other standard
components is not permitted. Valves shall be selected
for operation within the limits defined in para. N-102.2.4.
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Table N-102.2.1-1
Hydrostatic Design Stresses (HDS) and Recommended Temperature Limits (24)
for Thermoplastic Piping Components

U.S. Customary Units

Recommended
Temperature Limits
[Notes (1), (2), (3)1 Hydrostatic Design Stress, S, ksi [Note (6)], at
Minimum, Maximum, Hydrostatic
ASTM °F °F Design Basis, 73°F
Sp, i i ° 2 2 180°F
D284€, F441, CPVC 4120 0 200 4.0 2.0 1.6 1.05 0.5
F44p
D2513 F2145 PA32312 -20 180 2.5 1.25 1.1 0.8 0.63
D2104, D2239, PE2708 -30 140 1.60 0.80 064 0.4
D24#7, D2513,  pg3608 -30 140 1.60 0.80 0.64 0.4
D27B7, D3035
PE3708 -30 140 1.60 0.80 0.64 0.4
PE3710 -30 140 1.60 1.00 0.80 0.5
PE4708 -30 140 1.60 0.80 0.64 0.4
PE4710 -30 140 1.60 1.00 0.80 0.5
POP2125 [ Note (8)] 30 210
PP [Note (8)] 30 210
F2389 PP-R -4 210 1.26 0.63 0.5 0.3 0.2
D1785, D2241, PVC1120 0 100 4.0 2.0 1.2
D25[13, D2672  py(1220 0 100 4.0 2.0 12
PVC2110 0 100 2.0 1.0 0.6
PV(C2112 0 100 2.5 1.25 0.8
PVC2116 0 100 3.2 1.6 1.0
PVC2120 0 100 4.0 2.0 1.2
F599 PVDC [Note (8]] 40 160
F491 PYDF\[Note (8)] 0 275
SI Units
Recommended
Temperature Limits
[Notes (1), (2), (3)] Hydrostatic Design Stress, S,, MPa [Note (6)], at
Minimum—Maximum—Hydrostatic
ASTM °C °C Design Basis, 23°C
Spec. No. Material [Note (4)] [Note (5)] MPa, at 23°C [Note (7)] 38°C 60°C 82°C
D2846, F441, CPVC 4120 -18 93 27.6 13.8 11.0 7.2 3.4
F442
D2513, F2145 PA32312 -29 82 17.2 8.6 7.6 5.5 4.3
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Table N-102.2.1-1
Hydrostatic Design Stresses (HDS) and Recommended Temperature Limits
for Thermoplastic Piping Components (Cont’d)

SI Units
Recommended
Temperature Limits
[Notes (1), (2), (3)] Hydrostatic Design Stress, S,, MPa [Note (6)], at
Minimum, Maximum, Hydrostatic
ASTM °C °C Design Basis, 23°C
Spec. N Material [I\Tnl—n {A}} {Mnh:. (E)} MDq' at 23°C {Mnfn (-,}} 290C 60°C 22°C
D2104, D2239, PE2708 -34 60 11.0 5.5 4.4 2.8
D2447, DP513,  pg3g08 -34 60 11.0 55 4.4 2.8
D2737, DB035
PE3708 -34 60 11.0 5.5 4.4 2.8
PE3710 -34 60 11.0 6.9 5.5 34
PE4708 -34 60 11.0 5.5 4.4 2.8
PE4710 -34 60 11.0 6.9 5.5 3.4
POP2125 [Note (8)] -1 99
PP [Note (8)] -1 99
F2389 PP-R -20 99 8.7 4.3 34 2.1 1.4
D1785, D241, PVC1120 -18 38 27.6 13.8 8.3
D2513, DR672  pyc1220 -18 38 27:6 13.8 8.3
PVC2110 -18 38 13:8 6.9 41
PVC2112 -18 38 17.2 8.6 5.5
PVC2116 -18 38 22.0 11.0 6.9
PV(C2120 -18 38 27.6 13.8 8.3
F599 PVDC [Note (8)] 5 71
F491 PVDF [Note (8)] -18 135
NOTES:
(1) These rpcommended limits are for low-pressure applications with water and other fluids that do not significantly affect the propertief of the

thermo|
service
strengt
(2) Becaus
where
(3) These
kinds o
(4) Minimu
(5) Maximy
(6) The HDY

plastic material. In conservative practice, the upper temperature limits may be reduced athigher pressures depending on the r¢
and expected life. Lower temperature limits are affected more by the environment, safeguarding, and installation conditions {
.

of low thermal conduetivity, temperature gradients through the piping component wall may be substantial. Tabulated limit
nore than half thedwall thickness is at or below the stated temperature.
ecommended dimits apply only to listed materials. Manufacturers should be consulted for temperature limits on specific tyg
f materials’not listed.
m for inStallation.

m for operation.
S listed is for water service only, reflecting a design factor of 0.5 applied to the HDB. For other services, refer to PPI TR-9|

== £ ded-desi fack
manufakturer for recommended-design factors

(7) Use the
(8) Nonpre

quired
han by

b apply

es and

or the

se HDS values at all lower temperatures.
ssure-boundary materials used primarily as liners. No established HDS.
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Table N-102.2.1-2
Design Stresses (DS) and Recommended Temperature Limits
for Laminated Reinforced Thermosetting Resin Piping Components

U.S. Customary Units

Recommended Temperature

.. Design
Limits [Note (1)] Stress, S,
ASTM Minimum, Maximum, Kksi
Spec. No. Type Resin Reinforcing °F °F Thickness, in. [Note (2)]
€582 I Polyester Glass fiber -20 180 All 0.9
Furan Carbon -20 180
Furan Glass fiber -20 180 4
€582 1 Epoxy Glass fiber -20 180 Y6 9
Vi 2
e 35
%, and o¥en .5
SI Units
Recomr_ne_nded Temperature Dé¢sign
Limits [Note (1)] Strdss, S,,
ASI'M Minimum, Maximum, MPa
Sped. No. Type Resin Reinforcing °C °C Thickness, mm [Note (2)]
C582 I Polyester Glass fiber -29 82 All 6.2
Furan Carbon -29 82
Furan Glass fiber -29 82
€582 II Epoxy Glass fiber -29 82 3-5 6.2
6 83
8 9.3
9.5 and over 10.3
NOTESY:
(1) THeserecommended limits are for low-pressure applications with water and other fluids that do not significantly affect the progerties of the

thprmoplastic material. In conservative practice, the\upper temperature limits may be reduced at higher pressures, deperjding on the
refuired service and expected life. Lower temperaturelimits are affected more by the environment, safeguarding, and installatioph conditions

thhn by strength.
(2) TH
te

N-]
(a)

02.2.2 Components Not-Having Specific Ratings

Pipe and other piping/components for which allow-
able $tresses have been*developed in accordance with
para|N-102.3, buts\which do not have specific pres-
sure—temperature,ratings, shall be rated in accordance
with [the rules for pressure design in para. N-104,
within theSrahge of temperatures for which stresses
are listed in Tables N-102.2.1-1 through N-102.2.1-3.

(b) Pine and-othernining combonentsthat donothavze
1 3 Prr 1=} 1 3

e DS values are based on a design factor of 0.1 applied to the tested tensile strength of the pipe wall material, and are applicab
nperature range of —~20°F through 180°K(-29°C through 82°C).

e only in the

Code for that particular part or component. The design
pressure and temperature shall not exceed [the pres-
sure-temperature rating for the particular cpmponent
and material as defined in the applicable spgcification
or standard listed in Table N-126.1-1. Foit metallic
piping with nonmetallic lining, the ruleq of para.
102.2.3 apply, provided that the suitability of|the lining
material for the maximum anticipated c¢incident
temperature and pressure conditions has bgen estab-

allowable stresses or pressure-temperature ratings shall
be qualified for pressure design as required in
para. N-104.7.

N-102.2.3 Ratings: Normal Operating Condition. A
nonmetallic piping system shall be considered safe for
operation if the maximum anticipated coincident
temperature and pressure that may act on any part or
component of the system does not exceed the
maximum pressure and temperature allowed by this
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lished through prior successful extensive experience or
tests.

N-102.2.4 Allowances for Pressure and Temperature
Variations

(a) Nonmetallic Piping. Allowances for variations of
pressure, temperature, or both above design conditions
are not permitted. The most severe conditions of coinci-
dent pressure and temperature shall be used to determine
the design conditions.
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Table N-102.2.1-3
(24) Hydrostatic Design Basis (HDB) for Machine-Made Reinforced Thermosetting Resin Pipe

U.S. Customary Units

HDB Stress, S. [Note (1)],
at 73°F [Note (2)]

ASTM Material
Spec. No. and Designation Cyclic, ksi Static, ksi
Type Grade Class ASTM D2310 [Note (3)] [Note (4)]
D2517 filament wound Glass fiber No liner RTRP-11AD 5.0
reinforced epoxy RTRP-11AW 16.0
I Cbill
D2996 filampent wound Glass fiber No liner RTRP-11AD 5.0 4
reinforced epoxy RTRP-11AW 14.0
resin
Epoxy resin liner, RTRP-11FE 6.3
reinforced RTRP-11FD 5.0
Glass fiber Polyester resin liner, RTRP-12EC 4.0
reinforced polyester reinforced RTRP-12ED 5.0 |
resin
RTRP-12EU 125
No liner RTRP-12AD 5.0 J
RTRP-12AU 125
D2997 centrifugally cast Glass fiber Polyester resin lifier, RTRP-22BT 14.0
reinforced polyester nonreinforeced RTRP-22BU 145
resin
Epoxy-résin liner, RTRP-21CT 14.0
nonreinforced RTRP-21CU 115
SI"Units
HDB Stress, S, [Note (1)],
ASTM Material at 23°C [Note (2]
Sped. No. and Designation Cyclic, MPa  Staticf MPa
Type Grade Class ASTM D2310 [Note (3)] [Notq (4)]
D2517 filampent wound Glass fiber No liner RTRP-11AD 34.5 J
reinforced epoxy RTRP-11AW 110.3
resin
D2996 filament wound Glass. fiber No liner RTRP-11AD 34.5 RE
reinforced epoxy RTRP-11AW 110.3
resin
Epoxy resin liner, RTRP-11FE 43.4
reinforced RTRP-11FD 34,5
Glass fiber Polyester resin liner, RTRP-12EC 27.6
reinforced polyester reinforced RERP-12ED 345 d
resin
RTRP-12EU 86.2
No liner RTRP-12AD 345
RTRP-12AU 86.2
D2997 centrifugally cast Glass fiber Polyester resin liner, RTRP-22BT 68.9
reinforced polyester nonreinforced RTRP-22BU 86.2

resin
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Table N-102.2.1-3
Hydrostatic Design Basis (HDB) for Machine-Made Reinforced Thermosetting Resin Pipe (Cont’d)

SI Units
HDB Stress, S; [Note (1)],
ASTM Material at 23°C [Note (2)]
Spec. No. and Designation Cyclic, MPa  Static, MPa
Type Grade Class ASTM D2310 [Note (3)] [Note (4)]
Epoxy resin liner, RTRP-21CT 68.9
nonreinforced RTRP-21CU 86.2

NOTES:

(1) A pervice (design) factor shall be applied to the HDB values to obtain the HDS.

(2) THese HDB values apply only at 73°F (23°C). The standards covered in this table only require testing at 73°F (23°C), using ASTM D2992 test
procedures. ASTM D2992 makes provision for testing at higher temperatures, and manufacturers also usually test to higher temperatures. It
is the designer’s responsibility to verify that the manufacturer has test data covering the design temperature for the application, and that
pressure-temperature ratings provided by the manufacturer reflect the service factor selected by the desSigner for the application.

(3) When using the cyclic design basis, the service factor shall not exceed 1.0.
(4) When using the static design basis, the service factor shall not exceed 0.5.

(b)| Metallic Piping Lined With Nonmetals. Allowances
for pressure and temperature variations provided in
para.|102.2.4 are permitted only if the suitability of the
lining material for the increased conditions is established
through prior successful extensive experience or tests
under comparable conditions.

N-102.2.5 Ratings at Transitions. Where two services
that ¢perate at different pressure-temperature condi-
tions pre connected, the valve segregating the two services
shall be rated for the most severe service conditions. Other
requifements of para. 102.2.5 shall be considered where
appli¢able.

N-10R2.3 Allowable Stresses and Other Limits
N-102.3.1 Allowable Stress Values

(a)| General. Tables N-102.2.11 through N-102.2.1-3
list recommended maximum allowable stresses in the
form|of hydrostatic design—stresses (HDS), allowable
desigh stresses (DS), and thé hydrostatic design basis
(HDB]) that may be usedin design calculations except
wherp modified by‘ether provisions of this Appendix.
The yse of HDS«for' calculations other than pressure
desigh has notbeen established. The basis for determining
allowpble stresses and pressures is outlined in (b). The
allowpblé-stresses are grouped by materials and listed
for statéd temperatures. Where sufficient data have

(1) Thermoplastics. A method of determining HDB
and pressure rating (PR) is described in ASTM D2837,
which also_déeScribes application of a design| factor to
the HDB 0 determine HDS and PR. Hydrostaftic design
stressesnare provided in Table N-102.2.1-1,|based on
HDBalues listed in PPI TR-4 and design factors for
water from PPI TR-9. Design factors for othefr services
are also given in PPI TR-9.

(2) Reinforced Thermosetting Resin (Laminated). For
laminated piping components, the design stresses are
listed in Table N-102.2.1-2. These typically are based
on one-tenth of the minimum tensile strengthg specified
in Table 1 of ASTM C582.

(3) Reinforced Thermosetting Resin (Filam¢nt Wound
and Centrifugally Cast). For filament-wound and|centrifug-
ally cast piping components, HDB values ar¢ listed in
Table N-102.2.1-3. These values may be obfained by
procedures in ASTM D2992. HDS may be objtained by
multiplying the HDB by a service (design) factoy® selected
for the application, in accordance with prjocedures
described in ASTM D2992, within the following limits:

(-a) When using the cyclic HDB fr¢m Table
N-102.2.1-3, the service (design) factor ghall not
exceed 1.0.

(-b) When using the static HDB from
Table N-102.2.1-3, the service (design) factoy shall not
exceed 0.5.

been provided, straight-line interpolation between
temperatures is permissible. The materials listed are
available from one or more manufacturers, and some
manufacturers may publish somewhat different HDS
values for the materials from the values listed in
Tables N-102.2.1-1 through N-102.2.1-3. The manufac-
turer’s published values for these materials are acceptable
for use where they have been established in accordance
with (b) and verified in accordance with para. N-104.7.
(b) Basis for Allowable Stresses for Internal Pressure

{-cJ The evaluation of stresses 1n fllament-wound
reinforced thermosetting resin pipe and fitting compo-
nents shall consider the different strengths in the hoop
and axial directions of the material. For a 55-deg fila-
ment-winding angle (which is typical for filament-

! The service (design) factor, F, should be selected by the designer after
evaluating fully the service conditions and the engineering properties of
the specific material under consideration. Aside from the limits in
paras. N-102.3.1(b)(3)(-a) and N-102.3.1(b)(3)(-b), it is not the
intent of this Code to specify service (design) factors.
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Figure N-102.3.1-1
Typical Allowable Stress Curve for Filament-Wound Reinforced Thermosetting Resin Pipe

Typical allowable
stress curve
from vendor

Portion of axial stress

Axial Streds

(@)

Lirve of hoop —
tress versus
hxial stress due

o internal
bressure

1

Axial stress due to

. internal pressure

_ allowable limit that may
be used for bending
stresses due to weight,
thermal expansiaon, and
occasional loads

for given
hoop-stress value

wound pipe), the axial strength is approximately one-half
of the hodp strength of the material. For greater winding
angles, the axial strength will be even lower.
Figure N}102.3.1-1 shows a typical axial strength
versus ho¢p strength diagram for a filament-wound rhate-
rial. The dlata points for the axial strength at zerg-hoop
stress and the axial strength at the maximum hoop
stress will need to be provided by the vendor since no
generic allowable stress diagrams curgently exist. Note
that for most filament-wound fiberglass products, the
portion ¢f the allowable axialStress available for
weight, thermal expansion, and‘occasional loads will
zero as the hoop, stress approaches the
allowable limit.for the material.

The stress-analysis of the filament-wound
pipe and fitting components shall consider the simulta-
neous axjial and<hoop stresses at each point in the
piping system,and take into account any hoop stress,
stress intensification factors (SIFs), and axial stress
SIFs that

ay be applicahle to a given component.

Hoop Stress

N-102.3.2 Limits of Calculated Stresses D
Sustained Loads

(a) Internal Pressure Stresses. The limits for stres

to internal pressure are provided in para. N-104.1.

(b) External Pressure Stresses. Thermoplastic p
reinforced thermosetting resin piping, and msd
piping lined with nonmetals, subject to external pre
shall be considered safe when the wall thickness a
means of stiffening meet the requiremen
para. N-104.7.2.

(c) External Loading Stresses. Design of piping
external loading shall be based on the following:

(1) For thermoplastic piping, see ASTM D277
AWWA M23.

(2) Forreinforced thermosetting resin (RTR) p
see ASTM D3839 and AWWA M45.

(3) The allowable deflection for RTR and th
plastic pipe shall be not more than 5% of the
inside diameter.

e to

s due
2.

iping,
tallic
Esure,
hd/or
ts of

inder
¥ and
iping,

Ermo-
pipe

(-e) Note that for aboveground pipe, due to the
different axial and hoop strengths of filament-wound rein-
forced thermosetting resin pipe and fitting components,
the minimum wall thickness required for the pipe and
fitting components may be governed by the axial strength
requirements, rather than just by hoop strength consid-
erations.
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[#] Where other nonmetallic piping is intended for
use under conditions of external loading due to under-
ground installation, it shall be subject to a crushing or
three-edge bearing test, in accordance with ASTM C14
or ASTM C301, and the allowable load shall be 25% of
the minimum value obtained. The limits of calculated
stresses due to external loading in aboveground installa-
tions shall be qualified in accordance with para. N-104.7.2.
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N-102.3.3 Limits of Calculated Stresses Due to Occa-
sional Loads

(a) Operation. The sum of the stresses in any compo-
nent in a piping system due to sustained loads, such as
pressure and weight, and of the stresses produced by occa-
sional loads, such as wind or earthquake, shall not exceed
the limits in the applicable part of para. N-102.3.2. Wind
and earthquake forces need not be considered as acting
concurrently. (For nonmetallic piping, anticipated tran-

where
= the sum of the mechanical allowances (thread or
groove depth), plus erosion and/or corrosion
allowance, and the manufacturer’s minus toler-
ance for product wall thickness, in. (mm). For
threaded components, the nominal thread
depth shall apply. For mechanical surfaces or
grooves where a tolerance is not specified, the
tolerance shall be assumed to be 0.02 in. (0.5
pth of the

) i A ddirion o tha cpmacifing Jda

sient pressure and temperature variations are not consid-
ered pccasional loads.)

(b)| Test. Stresses due to test conditions are not subject
to th¢ limitations in (a). It is not necessary to consider
other| occasional loads, e.g., wind and earthquake, as
occurfring concurrently with test loads.

N-10

(a)| Erosion, Corrosion, Threading, and Grooving. In
detefmining the minimum required thickness of a
pipinlg component, allowances shall be included for
erosi¢pn and for thread depth or groove depth.

(b)| Mechanical Strength. When necessary, pipe wall
thickpesses shall be increased to prevent overstress,
damdge, collapse, or buckling due to superimposed
loads| from supports, ice formation, backfill, or other
causess. Where increasing thickness will cause excessive
local |stress or is otherwise impractical, the required
strength may be obtained through the use of additional
supports, braces, or other means without an increased
wall thickness. Particular consideration should be
giver] to the mechanical strength of a small;branch
conngcted to large piping or to equipment.

2.4 Allowances

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

N-10

Th
effect

B CRITERIA FOR PRESSURE DESIGN

e design of piping-components shall consider the
s of pressure, temperature, and other factors in

accorjdance with\paras. N-102.2 and N-104.1 through
1.7, and_provide for allowances in accordance
parasN*102.4. In addition, the design shall be
ed for adequacy of mechanical strength under

N-10
with
check
other J
N- 10232 andN 10233

N-104 PRESSURE DESIGN OF COMPONENTS
N-104.1 Straight Pipe

N-104.1.1 The required minimum wall thickness of
straight sections of pipe, t,,, shall be determined as

thm= 1t + ¢ €Y
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THTH T atararero—o—re—Speemea—+ae

thread or groove.

t = pressure design thickness, in. (mm),as galculated
in para. N-104.1.2 for internal pressure, or in
accordance with para. N-104.1.3 for external
pressure

t,, = minimum required thickness, in. (mm|

N-104.1.2 Straight Pipe‘Under Internal Pressure

(a) The internal pressure design thickness, [t, shall be
not less than thatalculated with the following ¢quations:
(1) For thermoplastic pipe
D
= - 2)
28,/P + 1
(2) For reinforced thermosetting resin (lpminated)
D
=—— ®3)
25,/P + 1
(3) For reinforced thermosetting resin|(filament
wound and centrifugally cast)
D
=—— 4)
2S,F/P + 1
where
D = outside diameter of pipe, in. (mm)
F = service design factor in accordapce with
para. N-102.3.1(b)(3)
P = internal design gage pressure, psig [kPa (gage)]
S, = hydrostatic design stress from Table N{102.2.1-1
S, = design stress from Table N-102.2.1-2
S. = hydrostatic design basis from Table N{102.2.1-3
(4) Metallic Pipe Lined With Nonmetals|Pressure
ufacturer,

llmltatlons shall be those established by the man

e limlitations of
the metal housmgs and seallng ablllty of the liner at
flanged joints. In addition, the metallic pipe shall meet
the requirements of the mandatory sections of ASME
B31.1, including the pressure design requirements of
Chapter II.

(b) The internal pressure design thickness, ¢, in (a)(1)
and (a)(2) shall notinclude any thickness of pipe wall rein-
forced with less than 30% (by weight) of reinforcing
fibers, or added liner thickness.
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N-104.1.3 Straight Pipe Under External Pressure

(a) Thermoplastic Pipe. The external pressure design
thickness shall be qualified as required by para. N-104.7.

(b) Reinforced Thermosetting Resin Pipe. For deter-
mining design pressure thickness for straight pipe
under external pressure, the procedures outlined in
ASTM D2924 shall be followed. A safety factor of at
least 4 shall be used.

(c) Metallic Pipe Lined With Nonmetals

N-104.4 Closures

Closures in piping systems, e.g., those provided for
temporary or future lateral or end-point branches,
shall be made using fittings, flanges, or parts listed in
Table N-126.1-1 or designed in accordance with paras.
N-104.3, N-104.5, and N-104.7.

N-104.5 Pressure Design of Flanges

(o

Loanaral
it

(1) The external pressure design thickness for the
base (outer) material shall be determined in accordance
with paraf 104.1.3.

(2) The external pressure design thickness, t, for the
lining mpterial shall be qualified as required by
para. N-104.7.

N-104.2

(a) Pipe Bends. The minimum required thickness, t,,,, of
a pipe bend after bending shall be determined as for
straight pjipe in accordance with para. N-104.1.

(b) Elbpws. Manufactured elbows not in accordance
with pard. N-102.2.1 shall meet the requirements of
para. N-104.7.

(c) Mitered Bends. Mitered bend sections shall meet the
requireménts of para. N-104.7.

Curved and Mitered Segments of Pipe

N-104.3 |Intersections

N-104.3

(a) General. A pipe having a branch connection ‘is
weakened by the opening that is made in it. Unless the
wall thickness of the pipe is sufficiently in excess of
that requjred to sustain the pressure, it is necessary to
provide aflded reinforcement. The amount'of reinforce-
ment reqiiired shall be in accordance with the require-
ments of para. N-104.7 except as provided in (b) and (c).

(b) Brdnch Connections Using Fittings. Abranch connec-
tion shallf be considered to haveadequate strength to
sustain the internal and external pressure that will be
applied tq it if a fitting (at tee, lateral, or cross) is used
in accordgnce with parayN-102.2.1.

(c) Additional Considerations. The requirements of (a)
and (b) are designed to ensure satisfactory performance of
a branch gonnection subjected only to internal or external
pressure. [The.designer shall also consider the following:

.1 Branch Connections

h]
(o —oches
(1) Nonmetallic flanges that are rated in accor
with published ASTM standards listed in Table\N<126.1-1
shall be considered suitable for use within the limitations
specified in this Appendix. Alternatively, flanges shall be in
accordance with para. 103 or may be)designed in confor-
mance with the requirements of this paragraph or|para.
N-104.7.
(2) Flanges for use with-ring-type gaskets may be
designed in accordancewith ASME BPVC, Section VIII,
Division 1, Mandatory Appendix 2, except that the allow-
able stresses for nonmetallic components shall govefn. All
nomenclature shall\be as defined in ASME BPVC, gxcept
the following:

Hance

P = design gage pressure

S, = maximum allowable bolt stress at ampient
temperature, psi (kPa) (see Mandatory Appendix
A, Table A-10)

S), = maximum allowable bolt stress at design
temperature, psi (kPa) (see Mandatory Applendix
A, Table A-10)

Sy = allowable stress for flange material [from

Tables N-102.2.1-1 through N-102.2.1-3

cable
tyond
differ

(3) The flange design rules in (2) are not appl

for designs employing full face gaskets that extend b
the bolts. The forces and reactions in such a joint
from those joints employing ring-type gaskets, and the
flanges should be designed in accordance with ASME
BPVC, Section VIII, Division 1, Nonmandatory Applendix
Y. (Note that the plastic flange sealing surface mpy be
more irregular than the sealing surface of a|steel
flange. For this reason, thicker and softer gasket§ may
be required for plastic flanges.)
(b) Blind Flanges. Blind flanges shall be in accorflance
with para. 103 or, alternatively, may be designed in accor-
dance with para. 104.5.2, except that the alloyable

(1) EAtCl ucl} fUl CCS Cllld lllUlllClltD llldy 1UC ayy}lcd tU d
branch connection by a thermal expansion and contrac-
tion, by dead and live loads, by vibration or pulsating pres-
sure, or by movement of piping terminals, supports, and
anchors.

(2) Adequate flexibility shall be provided in branch
piping to accommodate movements of the run piping.

(3) Ribs, gussets, or clamps may be used for pres-
sure-strengthening a branch connection in lieu of the re-
inforcementrequired by (a) ifthe adequacy of the designis
established in accordance with para. N-104.7.
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stresses for nonmetallic components shall be taken
from the data in Tables N-102.2.1-1 through
N-102.2.1-3. Otherwise, the design of blind flanges
shall meet the requirements of para. N-104.7.

N-104.6 Reducers

Reducers not in compliance with para. N-102.2.1 shall
meet the requirements of para. N-104.7.
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N-104.7 Design of Other Components

N-104.7.1 Listed Components. Pressure-retaining
components manufactured in accordance with standards
listed in Table N-126.1-1 may be used in accordance with
para. N-102.2.1.

N-104.7.2 Unlisted Components and Products. For
nonmetallic pressure-retaining components and piping
products not complying with the standards and specifica-

N-107 VALVES
N-107.1 Listed Valves

Valves conforming to the standards and specifications
listed in Table N-126.1-1 shall be used within the specified
pressure-temperature ratings. Metallic valves
conforming to the standards and specifications listed
in Table 126.1-1, and used in nonmetallic piping, shall
be used within the specified pressure-temperature

tions fistedinTablte N-126-1 1,aud for propt ictcu_y COMmMpo
nenty and joints for which the rules in paras. N-103
through N-104.6 do not apply, pressure design shall be
based on calculations consistent with the design criteria
of thi$ Appendix and the Code. This shall be substantiated
by ong or more of the following, with consideration given
to applicable dynamic effects, e.g., vibration and cyclic
operdtion, the effects of thermal expansion or contraction,
and the load effects of impact and thermal shock:

(a)] extensive successful service experience under
comparable design conditions with similarly propor-
tioned components or piping elements made of the
same|or like material

(b)| performance tests under design conditions,
includling applicable dynamic and creep effects, continued
for a fime period sufficient to determine the acceptability
of thg component or piping element for its design life

For either (a) or (b), reasonable interpolations between
sizes|and pressure classes, and reasonable analogies
among related materials, are permitted.

PART 3
SELECTION OF PIPING COMPONENTS

N-106 PIPE

Piple and tube conforming to the standards and speci-
ficatigns listed in Table N-126.1-1 shall be used within the
limitdtions of para. N-124{and within any limitations
imposed by the applicable standards themselves.

N-IOE FITTINGS
N-106.1 Listed Fittings

Fittingsomade in accordance with the standards and

specifidations listed in Table N-126.1-1 shall be used

Tatings:

N-107.2 Unlisted Valves

Valves not complying with para. N:107.1 shpll be of a
design, or equal to the design, that the manufacturer
recommends for the servicesand that confdrms with
para. N-104.7.2.

PART 4
SELECTION AND'LIMITATIONS OF PIPING JOINTS

N-110 GENERAL

Jointsshall be suitable for the pressure-temperature
desigh‘conditions and shall be selected giving ¢onsidera-
tiomwsto joint tightness and mechanical strength under
those conditions (including external loadings),|the mate-
rials of construction, the nature of the fluid servife, and the
limitations of paras. N-111 through N-118.

N-111 BONDED JOINTS

N-111.1 General Limitations

Unless limited elsewhere in para. N-111, join{s made by
bonding in accordance with para. N-127 and examined in
accordance with para. N-136.4 may be used within other
limitations on materials and piping components in this
Appendix.

N-111.2 Specific Limitations

N-111.2.1 Hot-Gas Welded Joints. Hot-g3
joints shall not be used for ASME B31.1 nonmef
sure piping.

N-111.2.2 Butt-and-Wrapped Joints. 1Tutt-and-
wrapped joints in RTR piping shall be made with sufficient

s welded
allic pres-

withimthe Hmitations of para. N=12%; withim Hmitations
imposed by this Appendix or the body of this Code for
specific service or application, and within any limitations
imposed by the applicable standards themselves.

N-106.2 Unlisted Fittings

Fittings not covered by the standards listed in
Table N-126.1-1 may be used if they conform to para.
N-104.7.
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strength to withstand the design pressure and external
loadings.

N-112 FLANGED JOINTS: GENERAL LIMITATIONS

Unless limited elsewhere in para. N-112, flanged joints
may be used, considering the requirements for materials
in Chapter N-III and for piping components in Part 3 of
Chapter N-II, within the following limitations:


https://asmenormdoc.com/api2/?name=ASME B31.1 2024.pdf

(24)

ASME B31.1-2024

(a) Joints With Flanges of Different Ratings. Where
flanges of different ratings are bolted together, the
rating of the joint shall be that of the lower-rated
flange. Bolting torque shall be limited so that excessive
loads will not be imposed on the lower-rated flange in
obtaining a tight joint.

(b) Metallic-to-Nonmetallic Flanged Joints. Where
metallic and nonmetallic flanges are to be joined, both
should be flat face. Full face gaskets are preferred. If

(e) For PVCpiping, the allowable pressure for threaded
piping shall be no more than 50% of that for unthreaded
piping of the same wall thickness and material grade.

N-114.2.2 Thermosetting Resin Piping. Threaded
joints in thermosetting resin piping shall conform to
the following requirements:

(a) Threads shall be factory cut or molded on pipe ends
and in matching fittings, with allowance for thread depth
in accordance with para. N-104.1.1.

gaclkatc ara nat vuead halting torana chall ha
full face gaskets—arenot-usedboltingtorqueshall-be
limited sd that the nonmetallic flange is not overloaded.

N-113 EXPANDED OR ROLLED JOINTS

Expandgd or rolled joints are not permitted in nonme-
tallic pipihg systems.

N-114 T
N-114.1

N-114.1.1 Threaded joints may be used within the re-
quiremen s for materials in Chapter N-III and on piping
components in Chapter N-II, Part 3 within the limitations
below.

N-114.1.2 Threaded joints shall be avoided in any
service where severe erosion or cyclic loading may
occur, unless the joint has been specifically designed
for these fonditions.

N-114.1
seal weld

HAREADED JOINTS

General Limitations

.3 Where threaded joints are designed to be
bd, thread-sealing compound shall not be used-

N-114.1.4 Layout of piping should minimize reaetion
loads on threaded joints, giving special consideration to
stresses due to thermal expansion or contraction and the
operation| of valves.

N-114.
nonmetal
NPS 2Y,

|.5 Metallic-to-nonmetalli¢ and dissimilar
ic threaded joints are not permitted in piping
DN 65) and larger.

N-114.2

N-114.3
thermopl{
quirementgs:

(a) Thgpipewall shallbe atleastSchedule 80 thickness.

(b) Pipg threads shall conform to ASME B1.20.1 NPT.

Specific Limitations

.1 Thermoplastic Piping. Threaded joints in
stic piping shall conform to the following re-
[s:

(b) Threading of plain ends of piping is not pernjitted,
except where such male threads are limited to the fuiction
of forming a mechanical lock with matching female
threads during bonding.

(c) Factory-cut or molded threadedmipples, coup
or adapters bonded to plain end components may bg
where necessary to provide connéctions to thre
metallic piping.

lings,
used
aded

N-115 FLARED LINING"JOINTS FOR METALLJC
PIPING LINED'WITH NONMETALS

The following apply:
(a) Welding./Welding is not permitted on lined cd
nents in thefield. Welding performed by the manufa
to producepipe, fittings, and flanges to be used for jo
elastomeric-lined piping systems shall be performed
to maintain the continuity of the lining and its se
ability.
(b) Flared Linings
(1) General. Flared ends of linings made in 4
dance with the rules in this paragraph may be
subject to material limitations.
(2) Specific Requirements. Flaring shall be limi
applications that do not affect the serviceability
lining.

mpo-
turer
ntsin
so as
rvice-

ccor-
used,

ted to
bf the

N-116 BELL END JOINTS
Paragraph 116 applies.

N-118 PROPRIETARY JOINTS

Metal coupling, mechanical, gland, and other proprie-
tary joints may be used within the limitations on materials
in Part 3 of this Chapter.

Threaded fittings shall be compatible with that standard.
(c) A suitable thread lubricant and sealant shall be
specified.
(d) Threaded piping joints are not permitted in poly-
olefin materials,®> because of creep characteristics that
shall be considered.

2 The polyolefin group of materials includes polyethylene, polypropy-
lene, and polybutylene.
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PART 5
EXPANSION, FLEXIBILITY, AND
PIPE-SUPPORTING ELEMENTS

N-119 EXPANSION AND FLEXIBILITY
N-119.1 General Concepts

N-119.1.1 Elastic Behavior. The concept of piping (24)

strain imposed by the restraint of thermal expansion
or contraction, and by external movements, applies in
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principle to nonmetals. Nevertheless, the assumption that
stresses can be predicted from these strains in a nonme-
tallic piping system, based on the linear elastic character-
istics of the material, is generally not valid. The variation in
elastic characteristics between otherwise similar material
types, between source manufacturers, and between batch
lots of the same source material can at times be significant.
If a method of flexibility analysis that assumes elastic
behavior is used, the designer shall be able to demonstrate
itsva

N-119.5.3 For metallic piping lined with nonmetals, (24)

the designer shall consider the integrity of the lining in
designing for piping flexibility. This is a special considera-
tion for linings that are less flexible than the metallic
piping, e.g., glass or ceramics.

N-119.6 Properties for Flexibility Analysis

N-119.6.1 Thermal Expansion Data. Table
N-119.6.1-1 lists coefficients of thermal expansion for

idityfor-the systemand-shall-establish-conservative
limitg

N-119.1.2 Overstrained Behavior. Stresses cannot be
considered proportional to displacement strains in
nonnjetallic piping systems where an excessive level of
strain may be produced in a localized area of the
system and in which elastic behavior of the piping material
is ungertain (see unbalanced systems in para. 119.3).
Overptrain shall be minimized by effective system
routipg to avoid the necessity of a requirement for
special joints or expansion devices for accommodating
excespive displacements.

N-]

for the computed stresses.

19.1.3 Progressive Failure. In thermoplastics and
some|thermosetting resins, displacement strains are not
likely] to produce immediate failure of piping, but may
produce unacceptable distortion. Thermoplastics, parti-
cularly, are prone to progressive deformation that may
occurupon repeated thermal cycling or under prolonged
expodure to elevated temperature.

N-119.1.4 Brittle Failure. In brittle thermosetting
resing, the materials are essentially rigid in behavior
and may readily develop high displacement'stresses, to
the pgint of sudden breakage or fracture, under moderate
levelq of strain.

N-119.5 Flexibility

N-119.5.1 Piping systems'shall have sufficient flex-
ibility to prevent the effects’ of thermal expansion or
contrction, the movement’of pipe supports or terminal
pointp, or pressure elongation from causing

(a)| failure of piping or supports from overstrain or
fatigue

(b)| leakage at joints

(c)| unacceptable stresses or distortion in the piping or
in conneeted equipment

several nonmetallic materials. More-precise|values in
some instances may be obtained from the manpifacturers
of these materials. If the values are to-besed in stress
analysis, the thermal displacementsshall be determined
as indicated in para. 119.

N-119.6.2 Modulus of Elasticity. Table N
lists representative data ofithe tensile modul
ticity, E, for several nonmetals. More-precise
some instances may be’obtained from the man
of these materials(Note that the modulus may|vary with
the geometrical otientation of a test sample for filler-rein-
forced, filament-wound, or impregnated nonmetallic
materialsd)) For materials and temperatures hot listed,
refer tonan authoritative source, e.g., publi¢ations of
the National Institute of Standards and Technplogy.

119.6.2-1
1s of elas-
values in
ifacturers

N-119.6.3 Poisson’s Ratio. For nonmetals,|Poisson’s
ratio will vary widely, depending on matdgrials and
temperature. For that reason, formulas used in linear
elastic stress analysis can be used only if the mafufacturer
has test data to substantiate the use of a specifi¢ Poisson’s

ratio for that application.

N-119.6.4 Dimensions. The nominal thickness and
outside diameters of pipe and fittings shall be uged in flex-
ibility calculations.

N-119.6.5 Metallic Pipe Lined With Nonmetals. Flex-
ibility and stress analysis for metallic pipe lined with
nonmetals shall be in accordance with ppra. 119,
except that any limitations on allowable stfresses or
moments recommended by the manufacturers of the
lined pipe shall be observed.

N-119.7 Analysis

N-119.7.1 Formal stress analysis is not re
systems that

juired for

N-119.5.2 Where nonmetallic piping and components
are used, piping systems shall be designed and routed so
that flexural stresses resulting from displacements due to
expansion, contraction, and other causes are minimized.
This concept requires special attention for supports and
restraints, for the terminal connections, and for the tech-
niques outlined in para. 119.5.1. Further information on
the design of thermoplastic piping can be found in PPI TR-
21.
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faj—areduplicates; or reptacenrents-withoutSignificant
change, of successfully operating installations

(b) canreadily be judged adequate by comparison with
previously analyzed systems

(c) are routed with a conservative margin of inherent
flexibility or employ joining methods or expansion joint
devices, or a combination of these methods, in accordance
with the applicable manufacturer’s instruction
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Table N-119.6.1-1
Thermal Expansion Coefficients, Nonmetals

Mean Coefficients

Material Description 107% in./in./°F Range, °F 10~® mm/mm/°C Range, °C

Thermoplastics
PVC Type 1120 30 23-37 54 -5to +3
PVC Type 2116 40 37-45 72 3-7
CPVC 4120 34 61
PE2708 100 32-120 180 0-+49
PE3608 90 32-120 162 049
PE3708 90 32-120 162 0-49
PE3710 90 32-120 162 0-49
PE4708 80 32-120 144 0-49
PE4710 80 32-120 144 0-49
Polypropylé¢ne 43 77
Polypropyl¢ne — random 83 32-120 150 0-49
Poly(vinylidine chloride) 85 153
Poly(vinylidine fluoride) 100 180
Reinforced Thermosetting Resins
Epoxy-glasg, centrifugally cast 9-13 16-23.5
Epoxy-glasd, filament-wound 9-13 16-23.5
Polyester-glass, centrifugally cast 9-15 16-27
Polyester-glass, filament-wound 9-11 16-20
Polyester-glass, hand lay-up 12-15 21.5-27
Other
Hard rubbejr (Buna N) 40 72
GENERAL NOTE: Values in this table are representative. Values at actual design temperature shall be obtained from the manufactufers.

N-119.4.2 A substantiating stress analysis is required N-121 DESIGN OF PIPE-SUPPORTING ELEMENTS
for a systgm not meeting the above.criteria. The designer
may demlonstrate that adequate flexibility exists by N-121.1 General
employing a simplified, approximate, or comprehensive In addition to the other applicable requiremenpts of
stress anglysis, using a{method that can be shown to paras. 120 and 121, supports, guides, and anghors
be valid fgr the specificcase. If essentially elastic behavior  gha]] be selected and applied to comply with the require-
can be demonstrated for a piping system (see ments of para. N-119 and paras. N-121.1.1 though
para. N-119.1.1); the methods outlined in para. 119 N-121.1.4.
may be applicable.

N-121.1.1 Support or restraint loads shall be frans-
N-119. Spe ttention sh he given tomovemen Hted—to—pioire—rtts - or—earimeroints in a

(displacement or rotation) of the piping with respect to
supports and points of close clearance. Movements of a
run at the junction of a small branch shall be considered
in determining the need for flexibility in the branch.

N-120 LOADS ON PIPE-SUPPORTING ELEMENTS
Paragraph 120 applies.
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manner that will preclude pipe-wall deformation or
damage. Padding or other isolation material should be
installed in support or restraint clearance spaces for
added protection.

N-121.1.2 Valves and in-line components should be
independently supported to prevent the imposition of
high load effects on the piping or adjacent supports.
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Table N-119.6.2-1
Modulus of Elasticity, Nonmetals

E,ksi(73.4°F) E,MPa (23°C)

high and shall be considered in the design and location of
supports and restraints.

N-121.12 Burial of Thermoplastic and RTR Pipe

N-121.12.1 Design. Buried pipe design requires consid-
eration of burial depth, soil type, and compaction to deter-
mine the external loads on the pipe. For AWWA C900 PVC
pipe, AWWA Manual M23 outlines applicable design
procedures for water utility service. For AWWA C950

Material Description [Note (1)] [Note (1)]
Thermoplastics
PVC Type 1120 420 2895
PVC Type 2116 360 2485
CPVC 4120 420 2895
PE270B 100 690
PE360B 125 860
PE370B 125 860
PE371p 125 860
PE470B 130 897
PE471D 130 897
Polyprppylene 120 825
Polyprppylene — random 201 1386
Poly(vjnylidene chloride) 100 690
Poly(vinylidene fluoride) 194 1340
Thernjosetting Resins, Axially Reinforced
Epoxy{glass, centrifugally cast 1,200-1,900 8275-13100
Epoxy{glass, filament-wound 1,100-2,000 7585-13790
Polyester-glass, centrifugally cast 1,200-1,900 8275-13100
Polyester-glass, filament-wound 1,100-2,000 7585-13790
Polyester-glass, hand lay-up 800-1,000 5515-6895
Other
Hard rubber (Buna N) 300 2070
NOTE:| (1) The modulus of elasticity values for thernmfosetting resin
pipe arje given in the longitudinal direction; different values may apply
in the [circumferential or hoop direction. Phesmodulus of elasticity
valued for thermoplastic resin pipe are temperature dependent
and stfress-time related. In all cases for materials listed in this
table, jnanufacturers shall be consulted for specific product informa-
tion.

N-121.1.3 Nenmetallic piping should be guarded
where suchysystems are exposed to casual damage
from [trafficior other work activities.

N-12X1.4 A manufacturer’s recommendations for

RTR pipe, AWWA Manual M45 outlines similar proce-
dures. It is the designer’s responsibilityrto’Verify that
the procedures are applicable for othen seryvices and
piping materials. Minimum pipe stiffness for(RTR pipe
shall meet the requirements of AWWA C950 for $% deflec-
tion. The minimum stiffness shall be determinped at 5%
deflection using the apparatus and proc¢dures of
ASTM D2412.

N-121.12.2 Installation. The pipe manufactpirer’s rec-
ommendations shall be equal to or more strirfjgent than
those described in) ASTM D3839 for RTR pipq or ASTM
D2774 for thermoplastic pipe. The manufacturefr’s recom-
mendations ‘shall be followed.

PART 6
SYSTEMS

N-122 DESIGN REQUIREMENTS PERTAINING TO
SPECIFIC PIPING SYSTEMS

The use of nonmetallic piping materials arld compo-
nents, under the scope of this Appendix, shall be
limited to those services and conditions [stated in
para. 100.1.2 or specifically permitted in this section.
In addition

(a) nonmetallic materials shall not be uged under
severe cyclic conditions unless it can be demonstrated
that the materials are suitable for the intended service
in accordance with para. N-104.7.

(b) these materials shall be appropriately [protected
against transient or operating temperatures jand pres-
sures beyond design limits, and shall be aglequately
protected against mechanical damage.

(c) limitations on the use or application of miaterials in
this Appendix apply to pressure-containing parts. They do

not apply to the use of materials for suppaorts, linings,

support shall be considered.

N-121.11 Thermoplastic and RTR Piping

Supports shall be spaced to avoid excessive displace-
ment at design temperature and within the design life
ofthe piping system. Decreases in the modulus of elasticity
with increasing temperature, and creep of the material
with time shall be considered where applicable. The coef-
ficient of thermal expansion of most plastic materials is

gaskets, or packing.

N-122.7 Piping for Flammable or Combustible
Liquids

N-122.7.1 Polyethylene and reinforced thermosetting
resin pipe may be used for flammable or combustible
liquids in buried installations only. The fluid temperatures
shall not exceed 140°F (60°C) and pressures shall be
limited to 150 psig [1.035 MPa (gage)]. Particular care
shall be exercised to prevent damage to RTR piping at
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the connection to the main or other facility. Precautions
shall be taken to prevent crushing or shearing of RTR
piping due to external loading or settling of backfill
and to prevent damage or pullout from the terminal
connection resulting from thermal expansion or contrac-
tion.

RTR piping may terminate above ground and outside a
building, provided that

(a) the aboveground portion of the RTR pipe is com-

(-29°C), and pressures shall be limited to 100 psig [0.690
MPa (gage)]. Pipe joints shall be heat fused in accordance
with a Bonding Procedure Specification meeting the re-
quirements of para. N-127.

N-122.9 Piping for Corrosive Liquids and Gases

N-122.9.1 For nonmetallic piping used to convey
corrosive or hazardous liquids or gases in accordance
with para. 122.9, the design shall meet the requirements

pletely epelosedina—eonduit-or—casingofsufficient T NT0Z7 2 ddition to th terTals T
h de protection from external damage o' para. /-4 N ACATHON 10 the materials I
strengt :o pr'ov1 P . o g requirements of para. N-124.9.
and deterfioration. Where a flexible conduit is used, the
top of the riser shall be attached to a solid support. N-122.9.2 Aboveground nonmetallic pipingcony

The cond
(150 mm]

(b) the
due to ex

it or casing shall extend a minimum of 6 in.
below grade.
RTR pipe is not subjected to excessive stresses
ernal loading.

N-122.8 |Piping for Flammable Gases, Toxic Gases
or Liquids, or Nonflammable Nontoxic

Gases

N-122.8.1 Polyethylene pipe may be used for natural
gas servicg in buried installations only. The fluid tempera-
tures shalll not exceed 140°F (60°C) nor be below -20°F

fation

eying
| in a
uring

corrosive or hazardous fluids shall bevinstalled
guarded manner that will prevent’damage d
construction, operation, or servicé,

hetals
gases
meet

N-122.9.3 For metallic pipiag lined with nonn
used to convey corrosive gr.-hazardous liquids or
in accordance with pard»122.9, the design shall
the requirements of para. N-104.7.2.
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Chapter N-llI
Materials

N-12

Par
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The
subje|
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B GENERAL REQUIREMENTS

agraph N-123 provides limitations and qualifica-
for materials based on their inherent properties.

ise of these materials in piping may also be

ct to requirements and limitations in other parts
Code.

N-12
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stres
para.

N-]
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B.1 Materials and Specifications

23.1.1 Listed Materials. Listed materials used in
ure-containing piping shall have basic allowable
ses and other design limits as covered in
N-102.3.

23.1.2 Unlisted Materials. Unlisted materials used
ssure-containing piping shall have basic allowable
ses and other design limits as covered in
N-102.3 or on a more conservative basis. Unlisted
rials shall be qualified in accordance with the re+
ments of para. N-104.7.2.

23.1.3 Unknown Materials. Materials of unknown
ication or standard shall not be used.

LIMITATIONS ON MATERIALS

.1 Temperature Limitations

e designer shall determine that materials that meet
requirements of this Appendix are suitable for the
ervice throughout the)operating temperature range
systems in whi¢h'the materials will be used.

124.1.1 Thérmoplastic Piping Components.
N-102.2. % provides hydrostatic design stresses
and recomimended temperature limits for thermo-

plastic piping components.

N-124.1.2 Laminated Reinforced Thermosetting

N-124.1.4 Notes for Tables N-102.2,1-1| Through
N-102.2.1-3. The basis for settingminipmum and
maximum temperatures varies with the [different
tables, as noted in the Notes for each. table.

N-124.1.5 Upper Temperature Limitations

r a listed
eratures
s applica-

(a) The maximum design temperature fo
material shall not exceed maximum temj
listed in Tables N-102.271-1 and N-102.2.1-2, 4
ble, except as provided in para. N-102.3.1.

(b) An upnlisted material acceptabl
para. N-123¢2'shall have upper temperature lif
lished in @¢cordance with para. N-102.2.

e under
hits estab-

N-124.1.6 Lower Temperature Limitations

sted mate-
peratures
s applica-

() The minimum design temperature forali
rial shall not be lower than the minimum tem
listed in Tables N-102.2.1-1 and N-102.2.1-2, 4
ble, except as provided in para. N-102.3.1(a).

(b) An unlisted material acceptabl
para.N-123.1.2 shall have lower temperature lithits estab-
lished in accordance with the manufacturer’s recommen-
dation but in no case less than -20°F (-29°C)|

e under

N-124.9 Installation Limitations for Nonmetallic
Piping
N-124.9.1 General

(a) Nonmetallic materials shall be guarde
excessive temperature, shock, vibration, puls
mechanical abuse in all fluid services.

(b) Requirements in this paragraph apply to
containing parts. They do not apply to materia
supports, gaskets, or packing.

d against
htion, and

pressure-
s used for

N-124.9.2 Thermoplastics

Resin Piping Components. Table N-102.2.1-2 provides
design stresses (DS) and recommended temperature
limits for laminated RTR piping components.

N-124.1.3 Machine-Made Reinforced Thermosetting
Resin Pipe. Table N-102.2.1-3 provides hydrostatic
design basis (HDB) at a temperature level of 73°F
(23°C) for machine-made RTR pipe.
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(a) Thermoplastics shall not be used in flammable fluid
service aboveground, unless all of the following are met:
(1) The size of the piping does not exceed DN 25
(NPS 1).
(2) Owner’s approval is obtained.

(b) When used in other than nontoxic, nonflammable,
liquid service, thermoplastics shall be installed in a
guarded manner that will prevent damage during
construction, operation, or service.
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(c) PVCand CPVCshall notbe used in compressed air or
other compressed gas service.

N-124.9.3 Reinforced Thermosetting Resins Piping.
When used for corrosive, hazardous, or flammable
fluid service, RTR piping shall be installed in a guarded
manner that will prevent damage during construction,
operation, or service.

N-124.9.4 Reinforced Plastic Mortar (RPM) Piping.
When us

guarded manner that will prevent damage during
construction, operation, or service.

N-125 MISCELLANEOUS MATERIALS: JOINING
AND AUXILIARY MATERIALS

When selecting materials, e.g., cements, solvents,
packing, and O-rings, for making or sealing joints, the
designer shall consider their suitability for the fluid
service.

din othar than nontavie poanflamaahla
a—H—othefF—ttha R ohRtoxe— o ammante;

liquid service, RPM piping shall be installed in a
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Chapter N-IV
Specifications and Standard Data

N-12
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b MATERIAL SPECIFICATIONS AND

STANDARDS
.1 Standard Piping Components

nensions of standard piping components shall
ly with the standards and specifications listed in
N-126.1-1 in accordance with the requirements
fa. N-102.2.1. Abbreviations used in this Appendix
Eted in para. N-100.2.2.

5.2 Nonstandard Piping Components

ere nonstandard piping components are designed in
dance with para. N-104.7, adherence to dimensional
ards of ANSI and ASME is strongly recommended
e practical. Dimensions of piping connection
s not covered by a governing component specifica-
r standard shall conform to para. N-114.

N-126.3 Reference Documents

(a) The documents listed in TableyN*126
contain references to codes, standards, ‘or spe
not listed in the table. Such unlisted codes, sta

.1-1 may
cifications
hdards, or

specifications are to be used,qnly in the context of the

listed documents in which.they appear.

(b) Where documents listed in Table N-126.1
design rules that are in~conflict with this App
design rules of this Appendix shall govern.

(c) The fabrication, assembly, examination, i
and testing requirements of Chapters N-V and
to the construction of piping systems. These req
are not.applicable to the manufacture of m|
compohents listed in Table N-126.1-1 unless s
stated:

-1 contain
endix, the

hspection,
N-VI apply
llirements
Aterial or
pecifically
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Table N-126.1-1
Nonmetallic Material and Product Standards

Designation
[Notes (1), (2)]

Standard or Specification

Nonmetallic Fittings

ASTM D2464-99¢!
ASTM D2466-05
ASTM D2467-05
ASTM D2513-04a

Threaded Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80
Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40
Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80
Thermoplastic Gas Pressure Pipe, Tubing, and Fittings

ASTM D2517-05
ASTM D26(9-02

ASTM D2643-04

ASTM D2846-99¢
ASTM D3241-03

ASTM D33(]9-96a(2002)
ASTM D4024-05

ASTM D5645-05

ASTM D6041-97(2002)

ASTM F437}99
ASTM F438L04
ASTM F439f05
ASTM F105[5-98%*
ASTM F1970-05

Reinforced Epoxy Resin Gas Pressure Pipe and Fittings

Plastic Insert Fittings for Polyethylene (PE) Plastic Pipe

Socket-Type Polyethylene Fittings for Outside Diameter-Controlled Polyethylene Pipe and Tubihg

Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Hot- and Cold-Water Distribution Systems

Butt Heat Fusion Polyethylene (PE) Plastic Fittings for Polyethylene (PE) Plastic Pipe and Tubing

Polybutylene (PB) Plastic Hot- and Cold-Water Distribution Systems

Machine Made “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin) Flanges

“Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pressure Pipe Fittings

Contact-Molded “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin)~Corrosion Resistant Pipe an
Fittings

Threaded Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80

Socket-Type Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 40

Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80

Electrofusion Type Polyethylene Fittings for Outside Diamieter Controlled Polyethylene Pipe and Tubin|

Special Engineered Fittings, Appurtenances or Valves, for Use in Poly(Vinyl Chloride) (PVC) or Chloring
Poly(Vinyl Chloride) (CPVC) Systems

ted

Nonmetallic Pipe and Tube Products

API 15LE-9F
API 15LP-8f
API 15LR-O[L
ASTM C14-03

ASTM D1527-99(2005)
ASTM D17§5-05

ASTM D21(4-03

ASTM D2239-03

ASTM D2241-04b

ASTM D2282-99(2005)
ASTM D2310-01

ASTM D2447-03

ASTM D2513-04a
ASTM D2517-05

ASTM D2672-96a(2003)
ASTM D2737-03

ASTM D2774-04

Polyethylene Line Pipe

Thermoplastic Line Pipe (PVC and CRVC)

Low Pressure Fiberglass Line Pipe

Concrete Sewer, Storm Drain; and* Culvert Pipe
Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe, Schedules 40 and 80
Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120
Polyethylene (PE) Rlastic Pipe, Schedule 40

Polyethylene (PE)“Plastic Pipe (SIDR-PR) Based on Controlled Inside Diameter
Poly(Vinyl €hloride) (PVC) Pressure-Rated Pipe (SDR Series)
Acrylonifrile-Butadiene-Styrene (ABS) Plastic Pipe (SCR-PR)

Machine’Made “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pipe
Peolyethylene (PE) Plastic Pipe, Schedules 40 and 80, Based on Outside Diameter
Thermoplastic Gas Pressure Pipe, Tubing, and Fittings

Reinforced Epoxy Resin Gas Pressure Pipe and Fittings

Joints for IPS PVC Pipe Using Solvent Cement

Polyethylene (PE) Plastic Tubing

Underground Installation of Thermoplastic Pressure Piping

ASTM D2846-99%"
ASTM D2996-01
ASTM D2997-01
ASTM D3035-03a
ASTM D3309-96a
ASTM F441-02
ASTM F442-99
ASTM F714-05
ASTM F1545-97

Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Hot- and Cold-Water Distribution Systems
Filament-Wound “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pipe
Centrifugally Cast “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pipe
Polyethylene (PE) Plastic Pipe (DR-PR) Based on Controlled Outside Diameter
Polybutylene (PB) Plastic Hot- and Cold-Water Distribution Systems

Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe, Schedules 40 and 80

Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe (SDR-PR)

Polyethylene (PE) Plastic Pipe (SDR-PR) Based on Outside Diameter

Plastic-Lined Ferrous Metal Pipe, Fittings, and Flanges
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Table N-126.1-1
Nonmetallic Material and Product Standards (Cont’d)

Designation

[Notes (1), (2)]

Standard or Specification

Nonmetallic Pipe and Tube Products (Cont’'d)

ASTM

F2389-07¢!

*AWWA C900-97
AWWA C906-99

Pressure-Rated Polypropylene (PP) Piping Systems
Polyvinyl Chloride (PVC) Pressure Pipe, 4 in. Through 12 in., for Water Distribution

Polyethylene (PE) Pressure Pipe and Fittings, 4 in. (100 mm) Through 63 in. (1,575 mm), for Wa
Distribution and Transmission

ter

*AWWA C950-01 Fiberglass Pressure Pipe
Miscellaneous

*ASMH B16.40-2008 Manually Operated Thermoplastic Gas Shutoffs and Valves in Gas Distribution Systems

*ASMH NM.1-2020 Thermoplastic Piping Systems

*ASMH NM.2-2020 Glass-Fiber-Reinforced Thermosetting-Resin Piping Systems

*ASMH NM.3.1-2020 Nonmetallic Materials, Part 1 — Thermoplastic Material Specifications

*ASMH NM.3.2-2020 Nonmetallic Materials, Part 2 — Reinforced Thermoset Plastic Material Spe€ifications

*ASMH NM.3.3-2020 Nonmetallic Materials, Part 3 — Properties

ASTM [C301-04 Standard Test Methods for Vitrified Clay Pipe

ASTM [C582-02 Contact-Molded Reinforced Thermosetting Plastic (RTP) Laminates for Corrosion-Resistant Equipment

ASTM [D883-00 Standard Terminology Relating to Plastics

ASTM D1600-99 Standard Terminology for Abbreviated Terms Relating.to, Plastics

ASTM [D2235-04 Solvent Cement for Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe and Fittings

ASTM [D2412-02 Determination of External Loading Characteristics, 0f ‘Plastic Pipe by Parallel-Plate Loading

ASTM [D2564-04 Solvent Cements for Poly(Vinyl Chloride) (PVE) Plastic Piping Systems

ASTM [D2657-03 Heat Fusion Joining of Polyolefin Pipe and+Fittings

ASTM |D2837-04 Obtaining Hydrostatic Design Basis for.Thermoplastic Pipe Materials or Pressure Design Basis for
Thermoplastic Pipe Products

ASTM |D2855-96(2005) Making Solvent-Cemented Joints.With Poly(Vinyl Chloride) (PVC) Pipe and Fittings

ASTM |D2924-01 External Pressure Resistance of.“Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pipe

ASTM [D2992-01 Obtaining Hydrostatic or, Pressure Design Basis for “Fiberglass” (Glass-Fiber-Reinforced
Thermosetting-Resjf) Pipe and Fittings

ASTM [D3139-98(2005) Joints for Plastic Pressure Pipes Using Flexible Elastomeric Seals

ASTM [D3839-02¢1 Underground Installation of “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pipe

ASTM [F336-02 Design and.Construction of Nonmetallic Enveloped Gaskets for Corrosive Service

ASTM [F412-07 Standard Terminology Relating to Plastic Piping Systems

ASTM [F493-04 Solyent-€Cements for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe and Fittings

ASTM [F1290-98a Electrofusion Joining Polyolefin Pipe and Fittings

ASTM [F1498-00°* Taper Pipe Threads 60° for Thermoplastic Pipe and Fittings

AWWA M23-02 PVC Pipe — Design and Installation

AWWA M45-05 Fiberglass Pipe Design

MSS SP-122-2005 Plastic Industrial Ball Valves

PPI TH-4/2006B Plastics Pipe Institute (PPI) Listing of Hydrostatic Design Basis (HDB), Hydrostatic Design Stress [HDS),

Strength Design Basis (SDB), Pressure Design Basis (PDB) and Minimum Required Strength (M

RS)

Ratings for Thermoplastic Piping Materials or Pipe

PPI TR-9/2002
PPI TR-21/2001

Recommended Design Factors and Design Coefficients for Thermoplastic Pressure Pipe

Thermal Expansion and Contraction in Plastics Piping Systems

NOTES:

(1) An asterisk (*) preceding the designation indicates that the standard has been approved as an American National Standard by the American
National Standards Institute.

(2) Numbers in parentheses are reapproval dates.
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Chapter N-V
Fabrication, Assembly, and Erection

N-127 BONDING PLASTIC JOINTS

N-127.1

N-127.1.1 Bonded joints that conform to this Chapter
may be used in accordance with para. N-111.

General

N-127.1.2 Production joints shall be made only in
accordande with a written Bonding Procedure Specifica-
tion (BPS]) that has been qualified in accordance with
para. N-127.5.

N-127.1.3 Production joints shall be made only by
qualified bonders or bonding operators who have satis-
factorily gassed a performance qualification test that has
been performed in accordance with a written BPS, in
accordande with para. N-127.5.

N-127.).4 Qualification in one BPS does not qualify a
bonder or{bonding operator for any other bonding proce-
dure.

N-127.1.5 Bonding materials that have been deteriot
rated by ekposure to air or prolonged storage, or thatwill
not spreafl smoothly, shall not be used.

N-127.1.6 Longitudinal joints are not within the scope
of this pafagraph.

N-127.1.7 Joint ldentification. Each gualified bonder
and bonding operator shall be assigned an identification
symbol. Unless otherwise specified in the engineering
design, eqch pressure-contajfing bond or adjacent area
shall be dtenciled or otherwise suitably marked with
the identfification symbol of the bonder or bonding
operator. [[dentification-stamping shall not be used and
any marKing paint-or ink shall not be detrimental to
the piping material. In lieu of marking the bond, appro-
priate recordsZshall be filed.

joint preparation requirements; dimensional tequire-
ments and tolerances; cure time; protectioncof work re-
quirements; tests and examinations othen than those
required by para. N-127.5.3(c)(2); and acceptance cyiteria
for the completed test assembly.

N-127.5.2 Bonding Responsibility. An employer of
bonding personnel is responsible for the bonding|done
by members of the employer’s organization and, gxcept
as provided in para. N-127:5:3, shall conduct the required
performance qualification tests to qualify BPSs anld the
bonders or bonding operators.

N-127.5.3 Qualification by Others

(a) BRS.*Each employer (e.g., piping fabricatjor or
erector), shall be responsible for qualifying any BPS
that.personnel of the employer’s organization will use.
Subject to the specific approval of the owner, a BPS|qual-
ified by others may be used if the following condjtions
apply:

(1) The owner, or the owner’s agent, accepts that the
proposed qualified BPS has been prepared and executed
by aresponsible recognized organization with expertise in
the field of bonding.

(2) The employer accepts both the BPS and Rroce-
dure Qualification Record (PQR) by signature.

(3) The employer has at least one bonder, curfently
employed, who has satisfactorily passed a perforrmance
qualification test using the proposed qualified BPS.

(b) Bonding Performance Qualification. An empgloyer
shall not accept a performance qualification test [made
by a bonder or bonding operator for another employer
without the owner’s specific approval. If appropal is
given, acceptance is limited to performance qualifi¢ation
tests on piping using the same or an equivalent BP$. The
employer accepting such performance qualification] tests

chall ohtain o~y
Stiar

N-127.5 Qualification

N-127.5.1 General. Qualification of the BPS to be used,
and of the performance of bonders and bonding operators,
is required. The BPS shall specify, for both the bonding
operation and qualification testing requirements, all
required materials, including material storage require-
ments; the fixtures and tools required, including the
care and handling of tools; the environmental (e.g.,
temperature and humidity) requirements for all opera-
tions, including the methods required for measurement;

fthe PQRfromthe previeusemployer,
showing the name of the piping employer by whom
bonders or bonding operators were qualified, the dates
of such qualification, and the date the bonder or
bonding operator last assembled pressure piping
under the previous performance qualification.
(c) Qualification tests for the bonding procedure and
operator performance shall comply with the requirements
of the BPS and the following:

OOt COP yOT
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(1) Atestassembly shall be fabricated in accordance
with the BPS. The test assembly shall consist of atleast one
pipe-to-pipe joint and one pipe-to-fitting joint. The size of
the pipe used for the test assembly shall be as follows:

(-a) When the largest size to be joined (within the
BPS) is NPS 4 (DN 100) or smaller, the test assembly shall
be the same NPS as the largest size to be joined.

(-b) When the largest size to be joined within the
BPSis greater than NPS 4 (DN 100), the test assembly shall
be made-ofpipinscomponentseitherNRS4-{BN-100}-or4
minithum of 25% of the NPS of the largest piping compo-
Fo be joined, whichever is larger.
?) The test assembly shall be subjected to one of the
following qualification test operations:
(-a) When the test assembly has been cured, it
shall pe subjected to a hydrostatic pressure test of the
maximum of either 150 psig [1.035 MPa (gage)] or 1.5
timeg an equivalent allowable pressure, which shall be
calculated using the least nominal wall thickness and
outsifle diameter of the pipe in the test assembly. This
presqure shall be determined using the equation in
para.|N-104.1.2(a) for the test material. The test shall
be conducted so that the joint is loaded in both the circum-
ferential and longitudinal directions. Joints shall not leak
or separate when tested.

(-b) When a test assembly is joined by heat fusion,
sion joints may be tested by cutting a minimum of
three[coupons containing the joint and bending the strips
using|a procedure that shall be defined in the BPS. As\a
minithum requirement, the test strips shall not break
when[bent a minimum of 90 deg, at ambient temperature,
over [an inside bend radius of 1.5 times the mominal
diameter of the tested pipe.

(d)| Performance Requalification
(I1) Renewal of a bonding performance qualification
is required when

(-a) abonder or bonding operator has notused the
icbonding process for aperiod of time greater than 6
hs, or a specific maximum period of time otherwise
tted in the BPS for\the work

(-b) there is a-specific reason to question a
br’s or bonding operator’s ability to make bonds

eet the BRS

) Renewdl of a bonding performance qualification
for a dpecificbonding process may be made in only a single
test assembly.

the fu

speci
mont
perm

bond
that

N-127.7 Thermoplastic Pipe Joints
N-127.7.1 Solvent-Cemented Joints

(a) Preparation. PVCand CPVC surfaces to be cemented
shall be cleaned by wiping with a clean cloth moistened
with acetone or methylethyl ketone. Cleaning for ABS shall
conform to ASTM D2235. Cuts shall be free of burrs and
circumferential cuts shall be as square as those obtained
by the use of a saw with a miter box or a square-end sawing
riseArsHehed i v epipeand a fitting
socketis preferred, and the diametral clearance petween a
pipe and the entrance of a mating socketshall pot exceed
0.04 in. (1.0 mm). This fit shall be checked before solvent
cementing,.

(b) Procedure.]oints shall be made in accorda
qualified BPS. ASTM D2855 proyides a suitabl
such a procedure. Solvent cements for PVC, CPV(, and ABS
shall conform to ASTM.D2564, ASTM D2846, and ASTM
D2235, respectively..C€ment shall be sufficient o produce
a small continuoustfillet of cement at the outer limits of the
joints. See Figure.N-127.7.1-1.

(c) Brangh\€Eonnections. For branch conne
using a tée, @ manufactured full reinforcemgnt saddle
with annintegral branch socket shall be solvent|cemented
to the rlin pipe over its entire contact surface

(d) Limitations on Imperfections. Impeffections
exceeding the following limitations are cdnsidered
defects and shall be repaired and reexamined in accor-
dance with para. N-127.7.3:

(1) protrusion of dried cement exceedir
pipe wall thickness into the bore of the pipe
(2) unfilled or unbonded areas in ajoint, a4
by the lack of interruption of the continuous fill

(b)

a A ah ntarfaran on hao aan tha nina

nce with a
b basis for

rtions not

g 50% of

indicated
bt noted in

Figure N-127.7.1-1
Solvent-Cemented Joint

N-127.6 Qualification Records

An erector using bonders or bonding operators shall
maintain arecord of the procedures used and of operators
employed by the erector who are qualified in these proce-
dures.
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Figure N-127.7.2-1
Heat Fusion Joints

<1
-
[
-
—~

(c) Branch Connections. Branch connections shall be
made only with the use of molded fittings in sizes that

are commercially available.

(d) Limitations on Imperfections. Imperfections
exceeding the following limitations are considered
defects and shall be repaired and reexamined in accor-

dance with para. N-127.7.3:

(1) protrusion of fused material exceeding 25% of

the pipe wall thickness into the bore of the pipe

/ - — 2)unfilled-erunbendedareasinajointasindicated
AR RELAY N\ . \ N by the lack or interruption of the continuous fillet hoted in
N 3 N y o)
N e N N\ A N-127.7.3 Electrofusion Joints
S
(a) Preparation. Surfaces to be hedtfused together shall
(a) Socket Joint (b) Butt Joint be cleaned of all foreign material.
(b) Procedure.]oints shall bemade in accordance ith a
qualified FPS that meets the-requirements of ASME BPVC,
Section IX, Part QF. See Figure N-127.7.3-1.
N-127.4.2 Heat and Fusion Joints
(a) Preparation. Surfaces to be heat fused together shall N-127.7.4 Repair of Defects. Defective material, joints,
be cleanefl of any foreign material. Cuts shall be free of and other workmanship in piping that fail to meet the re-
burrs, anfl circumferential cuts shall be as square as quirements of Chapters N-III and N-V, and of the|engi-
those obtpined by the use of a saw with a miter box or neeringydesign, shall be repaired or replaced.
a square-¢nd sawing vise. Limitations on imperfections, and the method and
(b) Progedure.]Joints shall be made in accordance with a extent of the required examination of repairs and replace-
qualified §PS (Fusion Procedure Specification) that meets ~ ments, shall be the same as for the original work.
the applidable requirements of ASME BPVC, Section IX, . .
Part QF. or socket fusion and saddle fusion joints not. ~ N-127.8 FRP Pipe Joints
addressedl in Part QF, ASTM D2657 provides a basis N-127.8.1 Thermosetting Resin Joints
for FPS development. Both surfaces to be joined¢shall ] . .
be uniformly heated to produce a continuous/hgtoge- (a) Preparation. Cutting of pipe and preparatjon of
neous bohd between them. This will producé™a small ~ bonding surfaces sh.all be dqne'as recomm.ended by
continuoys fillet of fused material at the.ouiter limits of ~ the manufacturer, without chipping or cracking ¢f the
the joints| See Figure N-127.7.2-1. cut ends, particularly the inner surface of centrifigally
Figure N-127.7.3-1
Thermoplastic Electrofusion Joints
7\C;
|
Coupling %
\ .
W'r? ] Saddle
Wire ' cuTS | tapping tee
14 coils \ @}/ pping
! Wire | I I I
N mat
N\ — =
l
L \
(a) Coupling (b) Butt (c) Saddle
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Figure N-127.8.1-1
Thermosetting Resin Joints

SN——" 2 N—

(d) Limitations on Imperfections. Imperfections
exceeding the following limitations are considered
defects and shall be repaired and reexamined in accor-
dance with para. N-127.7.3:

(1) protrusion of adhesive exceeding 25% of pipe
wall thickness into the bore at the bottom of a socket,
or inside a branch connection

(2) unfilled or unbonded areas in the joint

N-127.8.2 Repair of Defects. Defective material, joints,

(b) Butt-and-Wrap
Joint

(a) Overwrapped
Bell and Spigot Joint

cast gipe. Pipe may be preheated, if necessary, to comply
with the above requirements. Cuts shall be free of burrs,
and cJrcumferential cuts shall be as square as required by
the piirchaser’s specifications or the recommendations of
the manufacturer, whichever requires the closer square-
ness. For branch connections, holes in the run pipe may be
made|with a hole saw. Mold-release agent, and any other
matefial that may interfere with adhesion, shall be
remoyed from surfaces to be bonded.

(b)| Joining Procedures
1) Socket and Spigot Joints. Joints shall be made in
Hance with a qualified BPS based on the manufac-
s recommended procedure. Application of adhesive
surfaces to be joined and assembly of those surfaces
broduce a continuous bond between them. Cut ends
pipe and edges of the laminate fabric shall be sealed
vent fluid penetration of the pipe wall or the lami-
naterial. See Figure.\N-127.8.1-1.

?) Butt-and-Wrap joints. Joints shall be made in
Hance with a(qualified BPS. The general procedures
M C582. provide a suitable basis for the develop-
of such@aprocedure. Application of plies of reinforce-
saturated with catalyzed resin, to the surfaces to be
joined Shall produce a continuous structure with the
surfaces. Cut ends shall be seated as required in

See Figure N-127.8.1-1.

(c) Branch Connections. Branch connections shall be
made using a manufactured tee fitting or a full reinforce-
ment saddle having suitable provisions for joining as in
(b). The cutedges of any hole in the run pipe shall be sealed
with adhesive at the time the saddle is bonded to the run

pipe.

accor
turer
to the
shall
of the]
to pr9
nate

accor
in AS
ment
ment,

305

and other workmanship in piping that fail tompet the re-
quirements of Chapter N-III and this Chapter, aind of the
engineering design, shall be repaired orveplaced. Limita-
tions on imperfections, and the method and exfent of the
required examination of repairs and-replacemgnts, shall
be the same as for the original work.

N-127.9 Welding of Metallic Piping Lined With

Nonmetals

nts in the
cturer to
n an elas-
e require-
formed so
[S service-

Welding is not permitted on lined compong
field. Welding performed by the manufa
produce pipe; fittings, and flanges to be used i
tomeric-lihed’piping system shall conform to th
ments of ASME BPVC, Section [X and shall be per
as tothaintain the continuity of the lining and i
ability.

N-129 BENDING AND FORMING

N-129.1 Bending

N-129.1.1 Pipe Bending. Flattening of a bend
as the difference between the maximum and
outside diameters, at any cross section, expré
percentage of the nominal outside diameter.
shall not exceed 8% for pipe exposed to interna
For pipe under external pressure, flattening
exceed 3%. The thickness after bending sh
less than that required in para. N-104.2.

N-129.1.2 Bending Methods. Pipe may be b
suitable hot or cold method permissible by ra
tions and material characteristics of the pipe b
Hot bending shall be done within a temperat
consistent with material characteristics, end-us
ments, and the pipe manufacturer’s recomme

is defined
minimum
bssed as a
Flattening
pressure.
shall not
hll be not

ent by any
dii limita-
eing bent.
ure range
e require-
hdations.

ming

Piping components may be formed by any suitable hot
or cold method permissible by the characteristics of the
material being formed. Forming shall be done within a
temperature range consistent with the material character-
istics, end-use requirements, and the component manu-
facturer’s recommendations. The thickness after forming
shall be not less than that required by the engineering
design.
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N-135 ASSEMBLY AND ERECTION
N-135.1 General

The assembly and erection of nonmetallic piping
systems shall comply with the requirements of
para. 135 and this Chapter. In addition

(a) when assembling nonmetallic flanges, flat washers
shall be used under all bolt heads and nuts. The specified
maximum bolt torque shall not be exceeded.

N-135.3 Bolted Flanged Connections

N-135.3.5 Flaring of Nonmetallic Linings. The provi-
sions of this paragraph apply to metallic pipe lined with
plastic or other flexible material. To prevent the fluid from
contacting the metallic piping where the lining is inter-
rupted at a field-installed flanged joint, the metal
piping shall be trimmed so that the end of the lining
projects beyond the face of the flange. The projecting
lining shall then be flared back so that it covers a

(b) fulllcircumference wrenches shall be used to tighten
threaded pipe joints. Tools and other devices used to hold
or apply forces to the pipe shall be such that pipe surfaces
are not s¢ored or deeply scratched. For thermosetting
resin piping, threads shall be coated with sufficient adhe-
sive to cover the threads and completely fill the clearance
between the pipe and fittings.

portion of the flange face, in a manner similarto|a lap
joint. When the flange is made up, the corréspophding
flared ends shall be pressed together, forniing a seal.
(a) This paragraph applies only to the flaring of ljnings
in pipe that has previously been lined\with nonmé¢tals.
(b) Flaring that conforms to this.paragraph mpy be
used in accordance with para. N-115(b).
(c) Flaring shall be performed+only in accordanc¢ with
awritten flaring procedurespgecification, and only by qual-
ified operators who have\appropriate training or experi-
ence in the use of the~applicable flaring procedurgs.
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Chapter N-VI
Examination, Inspection, and Testing

N-136 GENERAL

Th¢ general requirements of Chapter VI with regard to
visua] examination and leak testing are basically applica-
ble td nonmetallic piping systems.

N-136.1 Inspection

Insppection as discussed in para. 136.1.1 applies to
piping covered by this Appendix.

N-136.3 Examination

N-136.3.1 General. Examination denotes the functions
performed by the manufacturer, fabricator, erector, or a
party|authorized by the owner. Nondestructive examina-
tions|(NDE) shall be by visual examination and other
methjods suitable for the type of nonmetallic piping
beinglexamined. The degree of examination and the accep-
tance| standards beyond the requirements of this Codé
shall pe a matter of prior agreement between the manu-
factuter, fabricator, or erector and the owner.

N-136.3.2 Qualification of NDE Personnel:Rérsonnel
who perform nondestructive examination of bonds shall
be qugplified and certified for each examination method in
accorfance with a program establishedby their employer.
The grogram shall be based on the-following minimum
requifements:

(a)] instruction in the fundamentals of the nondestruc-
tive gxamination method

(b)| on-the-job training'to familiarize the NDE person-
nel wjth the appearanCe and interpretation of indications
of bond defects. Thelength of time for such training shall
be sufficient te’ensure adequate assimilation of the knowl-
edge [required:

(c)|an‘eye examination, performed at least once each
year, to determine optical capability of NDE personnel to

the visual examination of (c). Substantial changefs in proce-
dures or equipment shall require recertificatipn of NDE
personnel.

N-136.3.3 Extent of Required Examinatipn. When
visual examination reveals a defect requiring fepair

(a) two additional examinatiens of the same]|type shall
be made of the same kind ofitem (if of a bond, others by the
same bonder or bonding\operator) and

(b) if the additionakitems examined as required by (a)
are acceptable, thelitem requiring repair shall b replaced
or repaired and reexamined to meet the requilements of
the Code, and all items represented by this additional
examinatien shall be accepted, or

(c) if.either of the items examined as requifed by (a)
reveals a defect, two additional items shall be pxamined,
and

(d) if the additional items examined as required by (c)
are acceptable, the items requiring repair shall be replaced
or repaired and reexamined to meet the requirlements of
the Code, and all items represented by this additional
examination shall be accepted, or

(e) if either of the additional items examined as
required by (c) reveals a defect, all compargble items
shall be replaced or they shall be fully examjined, and
all items requiring repair shall be repaired and reexa-
mined to meet the requirements of the Code

N-136.4 Examination Methods
N-136.4.1 Nondestructive Examination

(a) Piping shall be examined at least to the extent
required herein, or to any greater extent specified in
the engineering design.

(1) Visually examine at least 5% of fabridation. For
bonds (joints), each bonder or bonding operator’s work
shall be represented and shall include each type of bond

perform the required examination.

(d) upon completion of (a) and (b), the NDE personnel
shall be given an oral or written examination and perfor-
mance examination by the employer, to determine if the
NDE personnel are qualified to perform the required
examination and interpretation of results.

(e) certified NDE personnel whose work has not
included performance of a specific examination method
for a period of 1 yr or more shall be recertified by success-
fully completing the examination of (d) and also passing

for each bonder or bonding operator.

(2) Visually examine 100% of fabrication for bonds,
other than circumferential bonds, and other than those in
components made to material specifications recognized in
this Code.

(3) Perform a random visual examination of the
assembly of threaded, bolted, and other joints to
satisfy the inspector that these conform to the require-
ments of para. N-135.
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Table N-136.4.1-1
Acceptance Criteria for Bonds

Kind

Thermoplastic

RTR and RPM [Note (1)],

of Imperfection Solvent Cemented

Heat Fusion Adhesive Cemented

Unfilled areas in joint

Unbonded areas in joint

None permitted

None permitted

None permitted
None permitted

None permitted

None permitted

NOTE: (1) RTR = reinforced thermosetting resin; RPM = reinforced plastic mortar.
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inspector shall be assured, by examination of
bns, records, or other evidence, that the mate-
omponents are of the specified grades and that
received the required examination and testing.
en examination reveals a defect requiring repair
iwvo additional examinations of the same type
hade of the same kind of item (if of a bond,
the same bonder or bonding operator), and
the additional items examined as required by
cceptable, the item requiring repair shall be
r repaired and reexamined to meet the require-
he Code, and all items represented by this addi-

tional examination shall be accepted, or

(3)i
reveals a
and

either of the items examined as required by (1)
Hefect, two additional items shall be eXaniined,

(4) if the additional items examined as requi
(3) are acceptable, the items requiring repair.sh
replaced or repaired and reexamined to meet the re
ments of the Code, and all items represented by this
tional examination shall be accepted, or

ed by

all be
uire-

addi-

(5) if either of the additionahitems examinled as

required by (3) reveals a deféct, all comparable
shall be replaced or they shall be fully examined
all items requiring repair-shall be repaired and 1
mined to meet the requirements of the Code

N-136.4.2 Visual Examination

(a) Visual éxamination consists of observation

items

, and
eexa-

bf the

portion of components, joints, and other piping elements

thatare, ox.can be, exposed to view before, during, o
manufacture, fabrication, assembly, erection, inspe
or testing.

{b) Visual examination shall be performed in ¢
dance with ASME BPVC, Section V, Article 9.

N-137 PRESSURE TESTS

Leak tests, when specified, shall be performed in
dance with para. 137.

after
ction,

ccor-

jccor-
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MANDATORY APPENDIX O
USE OF ALTERNATIVE ULTRASONIC ACCEPTANCE CRITERIA

0-1 GENERAL

This Appendix provides alternative ultrasonic fracture
mechpnics-based acceptance criteria that may be used for
Codel piping welds in lieu of those described in
para.|136.4.6(b).

0-2 SCOPE

(a)| The examination shall be conducted using auto-
matefl or semiautomated techniques using computer-
based data acquisition.

(b)| The examination shall be performed in accordance
with p written procedure approved by UT (ultrasonic
testinlg) Level 11l personnel and conforming to the require-
mentp of ASME BPVC, Section V, Article 4, Mandatory
Appendix VIII and
1) forphased array —ASME BPVC, Section V, Article
4, Mandatory Appendix V
) for time of flight diffraction (TOFD) — ASME
BPV({| Section V, Article 4, Mandatory Appendix 11l

(c)| Procedure qualification shall meet the.yequire-
mentp of ASME BPVC, Section V, Article 4,,Mandatory
Appendix IX.

0-3 EQUIPMENT

A mechanical guided scanner capable of maintaining a
fixed fand consistent search uhit position relative to the
weld |centerline shall be used:

0-4 PERSONNEL

(a)| Personnel performing nondestructive examination
to therequiremenits of this Appendix shall be qualified and
certiffed inSthe ultrasonic method in accordance with a

procedure/or program as described in ASME BPVC,
Section M -Article 1 _T-1 ')ﬂ(p) or T-1 7n(f‘)l and T-17n(g)

0-5 EXAMINATION

(a) The initial straight-beam scan for-reflectors that
could interfere with the angle-beam_exXamingtion shall
be performed manually, as part of a previous| manufac-
turing process, or during the weld)examination| provided
detection of these reflectorgis included in the demonstra-
tion as required in para. 9:2(c).

(b) The examinatiofi-area shall include the ywolume of
the weld plus the lesser of 1.0 in. (25 mm) or t df the adja-
cent base materialzAlternatively, the examinatipn volume
may be reducéd to include the actual heat-affgcted zone
(HAZ) plus 0.25 in. (6 mm) of base material beyond the
HAZ on.each side of the weld, provided the exfent of the
weld. HAZ is measured and documented.

0-6 DATA RECORDING

Data shall be recorded in the unprocessed forin as speci-
fied in ASME BPVC, Section V, Article 4, V-471.4. The data
record shall include the complete examinatiqn area as
specified in para. O-5(b).

0-7 DATA ANALYSIS

(a) Reflectors exceeding the limits below shallbe inves-
tigated to determine whether the indication priginates
from a discontinuity or is a geometric indicationh in accor-
dance with (b).

(1) For amplitude-based techniques, the¢ location,
amplitude, and extent of all reflectors that produce a
response greater than 20% of the reference level shall
be evaluated.

(2) For non-amplitude-based techniques| the loca-
tion and extent of all images that have an [indicated
length greater than 0.16 in. (4.0 mm) shall be inyestigated.

(b) Ultrasonic indications of geometric andfor metal-

(b) Setup and scanning of welds shall be performed by
personnel certified as UT Level Il or Level I1I (or by Level I
personnel under the direct supervision of Level I or Level
III personnel).

(c) Interpretation and evaluation of data shall be
performed by NDE Level II or Level III personnel.

(d) Personnel demonstration requirements shall be as
stated in ASME BPVC, Section V, Article 4, Mandatory
Appendix VIII.

turgical origin shall be classitied as specitied in ASME
BPVC, Section V, Article 4, T-481. Alternatively, other tech-
niques or NDE methods may be used to classify an indica-
tion as geometric (such as alternative beam angles and
radiography). The method employed is for information
only to classify the indication as geometric, and ASME
B31.1 requirements for examination techniques are
only required to the extent they are applicable.
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Figure 0-8-1
Surface and Subsurface Indications

Surface Indications
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S [Note (1]
(b)
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S [NoteN2)]

(c) Subsurface

NOTES:
(1) S < 0.5k
(2) S > 0.5h

0-8 DISCONTINUITY EVALUATION

(a) Disgontinuity Dimensions. The(dimension of each
discontinyity shall be determined(by‘the rectangle that
fully contains the area of that(discontinuity. (Refer to
Figure O-8-1.)

(1) The length, #, of the:discontinuity shall be drawn
parallel tp the inside pressure-retaining surface of the
componernt.

(2) The height h, of the discontinuity shall be drawn
normal tq the-inside pressure-retaining surface of the
componernt.

nnnnnn

Indications

(b) Multiple Discontinuities

(1) Discontinuous indications that are ori
primarily in parallel planes shall be considered [to lie
in a single plane if the distance between the adjacent
planes is less than or equal to 0.50 in. (13 mi) or
0.5t, whichever is less.

(2) If the space between two indications aljgned
along the axis of weld is less than the height of the indica-
tion of greater height, the two discontinuities shpll be
considered a single discontinuity.

(3) If the space between two indications aligned in
the through-thickness dimension is less than the height of

bnted

surface or subsurface discontinuity, as shown in
Figure O-8-1.

(4) A subsurface indication shall be considered as a
surface discontinuity if the separation (S in Figure 0-8-1)
of the indication from the nearest surface of the compo-
nent is equal to or less than half the through-wall dimen-
sion [h in Figure 0-8-1, illustration (b)] of the subsurface
indication.

310

the indication of greater height, the two indications shall
be considered a single discontinuity.

0-9 DISCONTINUITY ACCEPTANCE CRITERIA

Discontinuities shall be evaluated using the applicable
criteria of Tables 0-9-1 through 0-9-3. Regardless of
discontinuity height or aspect ratio, discontinuity
length shall not exceed 4t.
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