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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 power piping are generally consistent with those assigned for power hoilers This Code is more conservative than
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Code requirements.
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INTRODUCTION

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

America
ASME Co

Rules fg
the need
various tyj
for each (

B31.1

B31.3

B31.4

B31.5

B31.8

B31.9

mittee B31, Code for Pressure Piping.

r each Section have been developed considering
for application of specific requirements for
pes of pressure piping. Applications considered
ode Section include

Power Piping: piping typically found in
electric power generating stations, in
industrial and institutional plants,
geothermal heating systems, and central
and district heating and cooling systems

Process Piping: piping typically found in
petroleum refineries; chemical,
pharmaceutical, textile, paper,
semiconductor, and cryogenic plants; and
related processing plants and terminals

Pipeline Transportation Systems for Liquids
and Slurries: piping transporting products
that are predominately liquid between
plants and terminals and within terminals,
pumping, regulating, and metering
stations

Refrigeration Piping and Heat Tranéfer
Components: piping for refrigerants and
secondary coolants

Gas Transmission and Distribution Piping
Systems: piping transporting products
that are predominately gas between
sources and terminals, including
compressor, regulating, and metering
stations; and gas gathering pipelines

Building.Setvices Piping: piping typically
foundin industrial, institutional,
commercial, and public buildings, and in
multi-unit residences, which does not

Itis the owner’s responsibility to select the Code Section

that most nearly applies to a proposed piping install

of the Code Section, jurisdictional requirements{at
applicability of other codes and standards. Alkappl
requirements of the selected Code Section’ shall bg

ation.

ations

d the
cable
met.

For some installations, more than one Code Sectiop may

apply to different parts of the installation. The ow|
also responsible for imposing reqliizements supplg
tary to those of the selected Code Section, if necessz
assure safe piping for the prepesed installation.

Certain piping within a facility may be subject to
codes and standards, including but not limited to

- ASME Boiler and(Pressure Vessel Code, Secti
nuclear power piping

- ANSI Z22371 JNFPA 54 National Fuel Gas Code:
for fuel gas from the point of delivery to the connect
each fueltilization device

- NEPA Fire Protection Standards: fire prote

her is
men-
ry, to

other

n III:

iping
ion of

ction

systems using water, carbon dioxide, halon, foam, dry

chiemicals, and wet chemicals

- NFPA 85 Boiler and Combustion Systems Ha
Code

- building and plumbing codes, as applicabl
potable hot and cold water, and for sewer and
systems

The Code specifies engineering requirements de
necessary for safe design, construction, operatior
maintenance of pressure piping. While safety is the
riding consideration, this factor alone will not neces
govern the final specifications for any piping instal
or operation. The Code is not a design handbook.
decisions that must be made to produce a safe
installation and to maintain system integrity are not
fied in detail within this Code. The Code does not sery
substitute for sound engineering judgment by the g
and the designer.

To the greatest possible extent, Code requiremer]
design are stated in terms of basic design principle

zards

e, for
drain

emed
, and
over-
sarily
ation
Many
iping
Speci-
reasa
wner

ts for
s and

B31.12

require the range of sizes, pressures, and
temperatures covered in B31.1
Hydrogen Piping and Pipelines: piping in
gaseous and liquid hydrogen service, and
pipelines in gaseous hydrogen service

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

B31.1, wh
tification,

ere the word Code is used without specific iden-
it means this Code Section.

Xii

rormulas. I'nese are supplemented as necessary wit!

h spe-

cific requirements to ensure uniform application of prin-
ciples and to guide selection and application of piping
elements. The Code prohibits designs and practices
known to be unsafe and contains warnings where

caution, but not prohibition, is warranted.

The Code generally specifies a simplified approach for

many of its requirements.


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

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
adequate for the owner to verify the validity of the

Sections, thus facilitating reference by those who have
occasion to use more than one Section.

The Code is under the direction of ASME Committee
B31, Code for Pressure Piping, which is organized and
operates under procedures of The American Society of
Mechanical Engineers which have been accredited by
the American National Standards Institute. The
Committee is a continuing one, and keeps all Code
Sections current with new developments in materials,

approach and shall be approved by the owner. The
details—shall be-documented—inthe-engineeringdesign-

Foy operation and maintenance, an owner may choose
to usq a more-rigorous approach to develop operation and
maintenance requirements. When the owner decides to
take this approach, the owner shall provide details and
calculations demonstrating that such alternative practices
are cpnsistent with the general philosophy of the Code.
The details 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 stijesses, reactions, and movements associated with
presspre, 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
erection of piping

(f) [requirements for examination, inspegtion, and
testinfg of piping

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

[ti§ intended that this edition of Code Section B31.1 not
be refroactive. Unless agreement/is specifically made
betwgen contracting parties\to use another issue, or
the rpgulatory body haying/jurisdiction imposes the
use of another issue, the\ldatest edition issued at least 6
months prior to the{driginal contract date for the first
phase of activity covering a piping system or systems
shall pe the governing document for all design, materials,

fabrigation, ‘ereCtion, examination, and testing for the
pipinlg until the completion of the work and initial
opergtion:

...............................
published at intervals of two to five years.

When no Section of the ASME Code forrPress
specifically covers a piping system, at the user's
he/she may select any Section determined to b¢
applicable. However, it is cautioned that supp
requirements to the Section chosén may be ne|
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 §ome of the factors to be cpnsidered
by the user in determining the applicability of any
Section of this‘Code.

The Comimittee has established an orderly pr
considerrequests for interpretation and revisign of Code
requirements. To receive consideration, inquiri¢s must be
in Writing and must give full particulars (see Nlandatory
Appendix H covering preparation of technical |nquiries).
The Committee will not respond to inquiries fequesting
assignment of a Code Section to a piping installation.

The approved reply to an inquiry will be sent directly to
the inquirer. In addition, the question and reply will be
published as part of an Interpretation Supplement
issued to the applicable Code Section.

A Caseisthe prescribed form of reply to an inquiry when
study indicates that the Code wording needs clarification
or when the reply modifies existing requiremgnts of the
Code or grants permission to use new materials or alter-
native constructions. The Case will be published as part of
a Case Supplement issued to the applicable Code Section.

The ASME B31 Standards Committee took|action to
eliminate Code Case expiration dates gpffective
September 21, 2007. This means that all Cod¢ Cases in
effect as of this date will remain available fo1 use until
annulled by the ASME B31 Standards Committee.

Materials are listed in the Stress Tables only when suffi-
cientusage in piping within the scope of the Codp has been

ire Piping
liscretion,
generally
ementary
cessary to

cedure to

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.

Code users will note that clauses in the Code are not
necessarily numbered consecutively. Such discontinuities
result from following a common outline, insofar as prac-
ticable, for all Code Sections. In this way, corresponding
material is correspondingly numbered in most Code

xiii

shown. Materials may be covered by a Case. Requests for
listing shall include evidence of satisfactory usage and spe-
cific data to permit establishment of allowable stresses,
maximum and minimum temperature limits, and other
restrictions. Additional criteria can be found in the guide-
lines 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.)
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Requests for interpretation and suggestions for revision
should be addressed to the Secretary, ASME B31
Committee, Two Park Avenue, New York, NY 10016-5990.

Xiv
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ASME B31.1-2018
SUMMARY OF CHANGES

wing approval by the ASME B31 Committee and ASME, and after public review, ASME B31.1-2018 was approved by

Imerican National Standards Institute on June 27, 2018.

B31.1-2018 includes the following changes identified by a margin note, (18). In addition, the/paragr3
s and many of the figures and tables have been editorially redesignated in accordance with ASME
ards’ editorial style. For the user’s convenience, a table listing the former and current figure\and table de
s this Summary of Changes.

ph break-
Codes and
signations

al heat

eat
t

clature

Page Location Change
Xii Introduction (1) Sixth and eighth paragrdphs revised
(2) Ninth and tenth pardgraphs added
1 100.1.1 First paragraph revised
1 100.1.2 In subparagraph (a),‘third and fourth paragraphs revisq
2 100.1.4 Revised
2 100.2 (1) Definitients’ of austenitizing; heat treatments, subcritid
treatment; and heat treatments, tempering added
(2) Detinitions of covered piping systems (CPS), failure, H
treatments, reinforcement of weld, repair, and undercy
revised
3 Figure 100.1.2-1 Title and illustration revised
4 Figure 100.1.2-2 Title and illustration revised
5 Figure 100.1.2-3 Revised
6 Figure 100.1.2-4 Revised
7 Figure 100.1.2-5 Title and illustration revised
8 Figure 100.1.256 Cross-references added to illustration
9 Figure 100:1.2-7 Added
16 101.7,2 Revised
19 1024,5 Subparagraph (b) revised
22 T04.1 (1) Paragraph 104.1.1 revised
(2) In subparagraph 104.1.2(a), equations revised, nomen|
alphabetized, and W added
(3) Paragraph 104.1.4 deleted
27 Figure 104.3.1-1 In General Note (b), d, corrected by errata to read d,
35 104.8.2 Revised
35 104.8.4 Subparagraph (c) revised
36 106.1 Subparagraph (a) punctuation revised
67 123.1.1 Subparagraph (c) revised
69 124.2 (1) Subparagraphs (a) and (b) revised
(2) Subparagraph (e) added
70 125.1 Title revised

XV


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

70

71
73

85
93
93
93
94
96
97
98

99

104
104
104
105

108
118
130

142

176

190

194
200

125.1.2
125.1.3
Table 126.1-1

Table 127.4.2-1

Subparagraphs (a) and (c) revised
Subparagraph (c) revised
(1) For ASCE/SEI 7 and ASME B31], titles revised

(2) ASTM A1091/A1091M and Standards of the Expansion Joint
Manufacturers Association, Inc. added

(3) FCI 79-1 revised
Revised

129.3.3.1 First paragraph revised
129.3.4 Revised
129.3.4.1 First paragraph revised

Table 129.3.3.1-1
Table 129.3.4.1-1
Table 131.4.1-1
Table 132.1.1-1

132.4
136.1.1
136.1.2
136.2
136.3.2

136.4.6

Table A-1
Table A-2

Table A-3

Title revised

Title revised

(1) In fifth column, first entry revised
(1) In second column, penultimate entry{revised
(2) Notes (5) and (6) revised

Title revised

Revised

Subparagraph (a) revised

Revised in its entirety

(1) Subparagraph (d)\revised

(2) Last paragraph, revised
Subparagraph*(¢) added

Note (1) revised

(1) Under Electric Fusion Welded Pipe — Filler Metal Addedl
Notes revised for first 12 entries

(2)-Under Castings, A1091 C91 added

(3) Notes (1) and (2) revised

(1) Under Seamless Pipe and Tube, Austenitic, for both A31
TP321 lines and second TP321H line, Notes revised

(2) Second group of A312 TP321 and TP321H lines added

(3) Under Ferritic/Austenitic, A789 and A790 S32003 added

(4) Under Welded Pipe and Tube — Without Filler Metal, Ferritjc/
Austenitic, A789 and A790 S32003 added

(5) Under Welded Pipe and Tube — Filler Metal Added, Ferritjc/
Austenitic, for first entry, UNS No. and Specified Minimumnj
Tensile revised

(6) Under Pipe, Sheet, and Strip, Ferritic/Austenitic, two A2#0
S$32003 lines added

A=)

Table A-4

Table A-5

Table A-6
Table A-7

......

(8) Notes (30) and (31) added

(1) Note (1) reference deleted from 71 lines

(2) Note (1) revised

(1) For A395 60-40-18, stress value for 600°F corrected by errata
to read 9.0

(2) Note (1) revised
Note (1) revised
Note (1) revised

XVi
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ards of

[.2

[ errata

(2)(3)

(b)(4)

sed

03 psia

210 Table A-8 (1) Under Seamless Pipe and Tube, for first A312 TP321H line,
Notes revised
(2) Second A312 TP321H line added
(3) Note (1) revised
(4) Notes (8) and (9) added
218 Table A-9 Note (1) revised
222 Table A-10 Notes (2) and (14) revised
247 Table D-1 General Note (b) added
254 Mandatory Appendix F (1) Editions revised
(2) ASTM A1091/A1091M; ASME CA-1 and QAI-1xStand
the EJMA, Inc.; and NFPA 56 added
(3) AISC address updated and EJMA added
258 Mandatory Appendix G (1) Last h, 4, P, and last S added
(2) For NPS, reference corrected by £rrata to read 100.
(3) References for P and W updated
(4) For Sgand SE, reference to para-102.3.2(b) relocated by
(5) For S, reference corretted by errata to read 102.3.]
265 Mandatory Appendix ] Deleted
26[7 N-100.2.1 Definition of winding angle added
26P9 Figure N-100.2.1-1 Added
271 N-102.3.1 Subparagraphs (b)(3)(-c), (-d), and (-e) added
2755 Figure N-102.3.1-1 Added
289 N-127.7.2 Subparagraph (b) revised
290 N-127.7.3 Subparagraph (b) revised
296 Mandatory Appendix O Added
298 Mandatory Appendix P Added
30¢ [1-2.2.1 (1) Subparagraphs (a)(3)(-a), (a)(3)(-d), (a)(3)(-e), and
(-a) revised
(2) Footnote 2 revised
3018 Figure 11-2.2.1-2 Name of y-axis revised
311 11-3.4 Second paragraph deleted
317 11-7.1.2 Revised
318 Figure =7-1 Sizes for valve discharge elbow and valve vent pipe rev|
320 [1-7.1y3 In second equation, 103 psig corrected by errata to read 1
3211 [%7.1.7 Revised
322 11-7.1.8 Revised
322 11-7.1.10 Revised
33 V=622 Revised
340 Nonmandatory Appendix VI Deleted
346 VII-3.3.3 Paragraph VII-3.3.4 redesignated as VII-3.3.3

355

Table VIII-2

A202 deleted

xvii
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Figures and Tables Redesignated in ASME B31.1-2018

Figure Designators

Table Designators

ASME B31.1-2016

ASME B31.1-2018

ASME B31.1-2016

ASME B31.1-2018

100.1.2(A.1) 100.1.2-1 102.4.3 102.4.3-1
100. 52423 Tt THe =5 THo 51
100.1.2(B.1) 100.1.2-3 102.4.6(B.1.1) 102.4.6-1
100.1.2(B.2) 100.1.2-4 102.4.6(B.2.2) 102.4.6-2
100.1.2(B.3) 100.1.2-5 102.4.7 102.4.7-1
100.1.2(C) 100.1.2-6 104.1.2(A) 104.1.2-1
10245 102.4.5-1 112 112-1
104.3.1(D) 104.3.1-1 114.2.1 114.2:1-1
104.3.1(G) 104.3.1-2 121.5 121.5-1
104.9.3 104.5.3-1 121.7.2(A) 121.7.2-1
104.9.4 104.8.4-1 1222 122.2-1
122.1.7(C) 122.1.7-1 122.8.2(B) 122.8.2-1
1224 122.4-1 126.1 126.1-1
127.3 127.3-1 127.4.2 127.4.2-1
12742 127.4.2-1 129.3.1 129.3.1-1
127.4.4(A) 127.4.4-1 129.3.3.1 129.3.3.1-1
127.4.4(B) 127.4.4-2 129.3.4.1 129.3.4.1-1
127.4.4(C) 127.4.4-3 131.4.1 131.4.1-1
127.4.8(A) 127.4.8-1 132 132.1.1-1
127.4.8(B) 127.4.8-2 132.1 132.1.1-2
127.4.8(C) 127.4.8-3 132.13 132.1.3-1
127.4.8(D) 127.4.8-4 1322 132.2-1
127.4.8(E) 127:4.8-5 136.4 136.4.1-1
127.4.8(F) 127.4.8-6 136.4.1 136.4.1-2
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Chapter |
Scope and Definitions

100 GENERAL

This Power Piping Code is one of several Sections of The
American Society of Mechanical Engineers Code for
Presspure Piping, B31. This Section is published as a sepa-
rate 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.
Instead, the dated edition references are included in an
Addepda and will be revised yearly.

100.1

Rules for this Code Section have been developed consid-
eringfthe needs for applications that include piping typi-
cally [found in electric power generating stations, in
indugtrial and institutional plants, geothermal heating
systems, and central and district heating and cooling
systems.

Scope

100.1.1 This Code prescribes requirements/for the
desigh, materials, fabrication, erection, testxinspection,
operdtion, and maintenance of piping systems. Where
servire requirements necessitate measures beyond
those[required by this Code, such measures shall be speci-
fied Hy the engineering design.

Piging as used in this Code includes pipe, flanges,
boltihg, 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 eqdipment items necessary to prevent over-
stresqing the\pressure-containing components.

Rules_governing piping for miscellaneous appurte-
nancgs, Such as water columns, remote water level indi-

his/her inspection responsibilities specified in para.
136.1.

100.1.2 Power piping systems as govered byf this Code
apply to all piping and their component parts|except as
excluded in para. 100.1.3. They.ihclude but are rjot limited
to steam, water, oil, gas, and air services.

(a) This Code covers boilef external piping as defined
below for power boilegsand high-temperature, high-pres-
sure water boilers in'Which steam or vapor is geperated at
apressure of morethan 15 psig [100 kPa (gage)]; and high
temperature water is generated at pressures exceeding
160 psig [1 103 kPa (gage)] and/or temperatures
exceeding250°F (120°C).

Boilerexternal piping shall be considered as piping that
begins where the boiler proper terminates at

(1) the first circumferential joint for wdlding end
connections; or
(2) the face of the first flange in bolted flanged
connections; or
(3) the first threaded joint in that type of cpnnection,
and that extends up to and including the valvq 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, 100.1.2-2, 100.1.2-3, 100.1.2-4, 100.1.2-5,
100.1.2-6, and 100.1.2-7.

Piping between the terminal points and the 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, Conformity
Assessment Requirements. The installation| of boiler
external piping by mechanical means may be performed

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

by an organization not holding an ASME Certification
Mark. However, the holder of a valid ASME
Certification Mark, Certificate of Authorization, with an
“S,” “A” or “PP” Designator shall be responsible for the
documentation and hydrostatic test, regardless of the
method of assembly. The quality control system require-
ments of ASME BPVC, Section I; ASME CA-1; and ASME

QAI-1, Qualifications for Authorized Inspectors shall
apply.

(18)
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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.

Pipe connections meeting all other requirements of this
Code but not exceeding NPS ', (DN 15) may be welded to
pipe or boiler headers without inspection and stamping
required by ASME BPVC, Section 1.

(b) Nopbeiler-external-piping-includes-all-the-piping austenitizing: see heat treatments.

covered by this Code except for that portion defined
above as poiler external piping.

100.1.3|This Code does not apply to the following:

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

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

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

(d) pipging for marine or other installations under
Federal control.

(e) towjers, building frames, tanks, mechanical equip-
ment, insfruments, and foundations.

(f) pipihg included as part of a shop-assembled pack-
aged equipment assembly within a B31.1 Code piping
installation when such equipment piping is constructed
to anothe¢r B31 Code Section (e.g., B31.3 or B31.9)
with the owner's approval. See para. 100.2 for a definition
of packagpd equipment.

100.1.4| This Code does not provide procedures for
flushing, ¢leaning, start-up, operating, et maintenance.
Code usets are advised, however, that the cleaning and
purging of flammable gas systems may be subject to
the requifements of NFPA Standard’56.

100.2 Definitions

Some dommonly used\terms relating to piping are
defined helow. TermsS related to welding generally
agree with AWS A3,0. Some welding terms are defined
with spedified.- feference to piping. For welding terms
used in this-Cede, but not shown here, definitions of
AWS A3.

nnnnnn

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.

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

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

backing ring: backing in the form ofaring that can b¢ used
in the welding of piping.

ball joint: a component that-permits universal rotafional
movement in a piping.system.

base metal: the metal\to be welded, brazed, solderpd, or
cut.

branch connection: the attachment of a branch pipe fo the
run of a mainr pipe with or without the use of fittings.

braze welding: a method of welding whereby a groove,
fillet\plug, or slot weld is made using a nonfefrous
filer metal having a melting point below that ¢f the
base metals, but above 840°F (450°C). The filler metal
is not distributed in the joint by capillary ag¢tion.
(Bronze welding, formerly used, is a misnomer for this
term.)

brazing: a metal joining process wherein coalescence is
produced by use of a nonferrous filler metal haying a
melting point above 840°F (450°C) but lower than that
of the base metals joined. The filler metal is distriputed
between the closely fitted surfaces of the joint by capillary
action.

butt joint: a joint between two members lying approxi-
mately in the same plane.

capacitor discharge welding (CDW): stud arc wqglding
process in which DC arc power is produced by a|rapid
discharge of stored electrical energy with pregsure
applied during or immediately following the eledtrical
discharge. The process uses an electrostatic stprage

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

anchor: a rigid restraint providing substantially full fixa-
tion, permitting neither translatory nor rotational dis-
placement of the pipe.

annealing: see heat treatments.

systerrasa-peowersoureein-whichthe—-weld-energy is
stored in capacitors.
cold spring: the intentional movement of piping during

assembly to produce a desired initial displacement and
reaction.

component: as used in this Code, is defined as consisting of
but not limited to items such as pipe, piping subassem-
blies, parts, valves, strainers, relief devices, fittings,
pipe supports, and hangers.
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(18) Figure 100.1.2-1 Code Jurisdictional Limits for Piping — An Example of Forced Flow Steam Generators With No Fixed
Steam or Waterline

Turbine valve or
code stop valve,
para. 122.1.7(a)

><l< Turbine

> - -

Superheater

~
Y

To equipment

%

Reheater

e 7

<= ——————
Convection ( 1
and radiant ) [ S ——
section t Start-up system J -
may vary to suit /7 \
) boiler manufactuten l/ \} Condenser
(___ Economizer \ /

Paragraph 122:1.7(b) ~_ _ -~

Y P e Boiler
C):.—M)—-W_l/ [ERp—— 4+ \’ feed gump
~— \\ v

Alternates, para. 122.1.7(b)(9)

Administrative Jurisdiction and Technical Responsibility

iction

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

Boiler External Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (manfatory
certificatiofi-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 respondibility.
Refer to ASME BPVC, Section |, Preamble, fifth, sixth, and seventh paragraphs and ASME B31.1 Scope} para.
100:1.2(a). Applicable ASME B31.1 Editions and Addenda are referenced in ASME BPVC, Section |, PG-58]3.

—---=_Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, hap total
administrative and technical responsibility.



https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

(18) Figure 100.1.2-2 Code Jurisdictional Limits for Piping — An Example of Steam Separator Type Forced Flow Steam
Generators With No Fixed Steam or Waterline

Turbine valve or
Code stop valve,
para. 122.1.7(a)

Superheater

_|><]<] Turbine

I

/J_\ “b==="To equipment

Steam

Y

separator

Convection
and radiant
section

Reheater

Water
collector

e

Start-up system

may vary to suit

boilér.manufacturer
OX (if used)

Economizer i

(if used)

Recirculation pump
(if used)

(if used) (if. used) Paragraph 122.1.7(b)

r——-~

[><]—|/|o—-—- \
o

« Boiler feed pump

Alternates, para. 122.1.7(b)(9)

Administrative Jurisdiction and Technical Responsibility

Boiler Proper — The ASME Boiler and Pressure vVessel Code (ASME BPVC] has total administrative jurisdiction
and technical responsibility. Refer to ASME BPVC, Section I, Preamble.

o—— 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 and Addenda are referenced in ASME BPVC, Section |, PG-58.3.

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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(18) Figure 100.1.2-3 Code Jurisdictional Limits for Piping — Drum-Type Boilers

Vents and

instrumentation

Single installation Paragraph 122.6.2
- D> ==
Multiple installation Paragraph 122.1.2
Common T 5 1 ==
header ,:,--- I R . - | Level indicators, para. 122.1.6
Drain -:W IweartruranTT /L | Surface bIOW
Control device, 1 Paragraph 122.1.4 Ii><]° Continuqyy
para. 122.1.6 Inlet header S D><0 blow
- (if used) Chemical feed

Drum sample

Integral
== Seot.blowers
=-=,Single installation

superheater
(if used)

Main steam,
para. 122.1. _r= Soot blowers
-{ Multiple installation|
== Drain Common hegder

D ><JO= = = = = Paragraph 122.1.4

Dom === =
Integral >t == === Single boiler
economizer 9—@—<—|><1—|/IO ----- Single boiler
(if used) — i —
~ [V Boiler no. 1 : Two or more
v Q| Boilerno. 2 ™" boilers fed from
g - §—I><1—<—|/I—&D- . a common sourge
Paragraph 122.1.4 Water drum et .
X! . Regulating valves
_—— > Boiler no. 1 &
- N 4%]1
quw_?ff d multiod e EEZZ----- Two or more
single and multiplé [ . -
. . 1 boilers fed from
installations _E ©| Boilerno.2 T K
o8 ' a common pource
L Drain -~ "~
> P[0 = e

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 I, 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 Formp, and
Authorized Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical respongibility.
Refer to ASME BPVC, Section |, Preamble and ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME| B31.1
Editions and Addenda are referenced in ASME BPVC, Section |, PG-58.3.

O1—-<-- Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, hafs total
administrative jurisdiction and technical responsibility.
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(18) Figure 100.1.2-4 Code Jurisdictional Limits for Piping — Isolable Economizers Located in Feedwater Piping and Isolable Superheaters in Main Steam Piping
(Boiler Pressure Relief Valves, Blowoff, and Miscellaneous Piping for Boiler Proper Not Shown for Clarity)

4 __Paragraph 122.6.2
== Vent

TD /[ Isolable Vepht

economizer

l\/(laér; sFtizeLr:\e ‘A Isolable Feedtwater
systems
100.1.2-3) superheater X . (see Figure
Intervening valve Drain, para. 122.1.5 100.1.2-3)
- Inlet header
X € P<t><0 - -
Drain, para. 122.1.5 (if used) Boiler proper Drain|para. 122.1.5

(see Figure
100.1.2-3)

(1) Economizer Within the Limjits of BEP
Intervening Paragraph 122.6.2
valve Note (1) Vent

economizer

Drain, para. 122.1.5

Admjnistrative Jurisdiction and Technical Responsibility

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

e&—— Boiler Externa] Piping and Joint (BEP) — The ASME BPVC has total administrative
jurisdiction (mpandatory certification by stamping the Certification Marlk avith the
appropriate Designator, ASME Data Forms, and Authorized Inspection) of BEP. The
ASME Sectionf Committee B31.1 has been assigned technical responsibility. Refér to iql;aragraph 122.6.2

1
1
-

Feedwater systems

Drain, para. 122.1.5 (see Figure 100.1.2-3)

Drain}para. 122.1.5

(2) Economizer Within the Limjts of BEP

ASME BPVC,| Section |, Preamble and ASME B31.1 Scope, para. 100.1.2(a). Vent
Applicable A3ME B31.1 Editions and Addenda are referenced in ASME BPVC, Note (1) [-be=-

Section |, PG-§8.3. i - Isolable Vent

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

L - Feedwater systems
L <0 = (see Figure 100.1.2-3)
Drain, para. 122.1.5 1
1
L . DD -
Drgin, para. 122.1.5

(3) Economizer Outside the Linpits of BEP

NOTE: (1) With feedwater regulafor located between the boiler and economizer, the economizer may be constructed utilizing austenitic stdinless steel (see ]ASME BPVC, Section I, Part PFE).

810Z-T'1€d ANSV
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(18) Figure 100.1.2-5 Code Jurisdictional Limits for Piping — Reheaters and Nonintegral Separately Fired Superheaters

Vent
Vent
Hot reheat, __Jl.@== - Vent
para. 122.1.7(d) S —
) Reheater -
Drain Nonintegral
= e O e > 1 B separately fired
Steam out <€=4 === - -
Vent superheater

iq---

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

= O e
Drain

Administrative Jurisdiction and Technical‘Responsibility

Stgam in

Inlet header

Drain, para. 122.1.5 (if used)

o P e
Drain, para. 122.1.5

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

Boiler External Piping and Joint (BEP) — The ASME(BPVC has total administrative jurisdiction (manfatory
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 respongibility.
Refer to ASME BPVC, Section |, Preamble and~\ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME|B31.1
Editions and Addenda are referenced in ASME BPVC, Section |, PG-58.3.

o1---- Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, ha total

sperially designed component: a comp@nent designed in
accorfdance with para. 104.7.2.

stapdard component: a componeént manufactured in
accorfdance with one or more. of the standards listed in
Table] 126.1-1.

covered piping systems.[CPS): piping systems on which
condftion assessments are to be conducted. As a
minitnum for electric power generating stations, the
CPS gystems atewto include NPS 4 (DN 100) and larger
of thle main‘steam, hot reheat steam, cold reheat
steany, and-poiler feedwater piping systems. In addition
to thg above, CPS also includes NPS 4 (DN 100) and larger

administrative jurisdiction and techni¢al responsibility.

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

discontinuity: alack of continuity or cohesion; ar} interrup-
tion in the normal physical structure of maferial or a
product.

employer: the owner, manufacturer, fabricator, dontractor,
assembler, or installer responsible for the|l welding,
brazing, and NDE performed by his/her organization
including procedure and performance qualificptions.

engineering design: the detailed design develgped from

piping in other systems that operate above 750°F (400°C)
or above 1,025 psi (7 100 kPa).

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

PTOCESS TEqUITEIENTS ald CONfOTTMNg to Code require-
ments, including all necessary drawings and specifica-
tions, governing a piping installation.

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

erection: the complete installation of a piping system,
including any field assembly, fabrication, testing, and
inspection of the system.
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Figure 100.1.2-6 Code Jurisdictional Limits for Piping — Spray-Type Desuperheater

Desuperheater
located in boiler
proper (see Figure
100.1.2-7)

O

Stop valve,

para. 122.4(a)(1)—\

Regulating valve, Block valve,
para. 122.4(a)(1)

para. 122.4(a)(1)
il— ------------------- SD<f---——————

Desuperheater
locpted in boiler
prgper (see Figure
100.1.2-7)

Cr

Stop valve,

para. 122.4(a)(1)/ Regulating valvt:,X

Block valve,j

paran122.4(a)(1) para. 122.4(a)(1)

O———

Administrative Jurisdiction and Technical Responsibility

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

Boiler External Piping and Joint (BEP) — The\ASME BPVC has total administrative jurisdiction (mandato|
certification by stamping the Certification Markiwith the appropriate Designator, ASME Data Forms, and Authoriz
Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer to ASM
BPVC, Section |, Preamble and ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31.1 Editions and Adden
are referenced in ASME BPVC, Section 1, PG-58.3.

Nonboiler External Piping and doint (NBEP) — The ASME Code Committee for Pressure Piping, B31, has tof

Yy

o

la

a

administrative and technical reSponsibility.

examinatipn: denotes the progedures for all nondestruc-
tive examfnation. Refer to paraZ 136.3 and the definition
for visual|examination.

expansion|joint: a flexible’piping component that absorbs
thermal aphd/or terminal movement.

fabricatioh: primarily, the joining of piping components
into integral.pieces ready for assembly. It includes

failure analysis: the process of collecting and evalyating
data to determine the damage mechanism(s) and |cause
of a failure.

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

fillet weld: a weld of approximately triangular |cross
section joining two surfaces approximately at|right

bending, for ming; tht cadiug, W cldiug, orother operations
upon 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(s)
or meet design and performance requirements, or that
is a hazard to personnel safety.

1 4o 1 4l H 1 H H oo H H de
dITgIes—to cacir Otirer T a tap JoInt, teejomt,corner

joint, or socket weld.

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

flaw: animperfection or unintentional discontinuity thatis
detectable by a nondestructive examination.

full fillet weld: a fillet weld whose size is equal to the thick-
ness of the thinner member joined.
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Figure 100.1.2-7 Code Jurisdictional Limits for Piping — HRSG — Desuperheater Protection Devices
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are referenced in ASME BPVC, Section |, PG-58.3.

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

imperfection: a condition of being imperfect; a departure
of a quality characteristic from its intended condition.

indication: the response or evidence from the application
of a nondestructive examination.

inert gas metal arc welding: an arc welding process
wherein coalescence is produced by heating with an elec-
tricarc 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

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

groove w
members

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

bld: a weld made in the groove between two
to be joined.

heat treatments:

annealipg, 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 th¢ transformation range, which is referred to
as a subcritical anneal.)

austenitizing: forming austenite by heating steel above
the transformation range.

normaljzing: a process in which a ferrous mefat is
heated to|a suitable temperature above the transforma-
tion rangd for that material and is subsequently cooled in
still air atf room temperature.

postweld heat treatment (PWHT): any_heat treatment
subsequent to welding. PWHT often ‘refers to a general
heat treafment applied to provide tempering, stress
relieving, pr a controlled rate of-ceoling to prevent forma-
tion of a hard or brittle micrestructure.

preheating: the appli¢ation of heat to a base metal
immediately prior to.4 welding or cutting operation.

stress-fielieving» iniform heating of a structure or

or may not be used.

inspection: denotes the activities performed by an
Authorized Inspector, or an owner's Inspector, to
verify that all required examinations and testing| have
been completed, and to ensure that atl.the documentation
for material, fabrication, and examination conformsto the
applicable requirements of this{Gode and the engingering
design.

integrally reinforced branch-outlet fitting: a branch putlet
fitting that is welded.directly to a run pipe, whege the
branch fitting and,the deposited weld metal used to
attach the fittidgto the run pipe are designed by the
fitting manufacturer to provide all the reinforcqment
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 by-a flanged connection. Integrally reinforced byranch
outlet fittings include those fittings conforming to M§S SP-
97.

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

uired

weld
e of

joint penetration: the minimum depth of a groove|
extends from its face into a joint, exclusi
reinforcement.

low energy capacitor discharge welding: a resistance
welding process wherein coalescence is producgd by
the rapid discharge of stored electric energy fijom a
low voltage electrostatic storage system.

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

lding

maximum allowable stress: the maximum stress valuje that

portion thereof to\d sufficient temperature below the may be used in the design formulas for a given mdterial
transfornfatien-temperature range for that material to and design temperature.
relieve the major portion of the residual stresses, followed maximum allowable working pressure (MAWP): the|pres-

by uniform cooling.

subcritical heat treatment: a general heat-treating
process where ferritic or martensitic steel is heated to
a temperature below the temperature at which austenite
begins to form.

tempering: reheating a quench-hardened or normalized
steel to a temperature below the temperature at which
austenite begins to form, and then cooling at any
desired rate.

10

sure at the coincident temperature to which a boiler or
pressure vessel can be subjected without exceeding the
maximum allowable stress of the material or pressure-
temperature rating of the equipment. For this Code,
the term “MAWP” is as defined in ASME BPVC,
Sections I and VIII.

may: used to denote permission; neither a requirement
nor a recommendation.
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mechanical joint: a joint for the purpose of mechanical
strength or leak resistance, or both, where the mechanical
strength is developed by threaded, grooved, rolled, flared,
or flanged pipe ends; or by bolts, pins, and compounds,
gaskets, rolled ends, caulking, or machined and mated
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
prodyjce a change In direction.

nomi
matej
tolerd

nal thickness: the thickness given in the product
ial specification or standard to which manufacturing
nces are applied.

normglizing: see heat treatments.

Operdting 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.

owney: the party or organization ultimately responsible
for operation of a facility. The owner is usually the one
who would be granted an operating license by the regu-
latory authority having jurisdiction or who has the admin-
istratjve and operational responsibility for the facility. The
ownef may be either the operating organization (may not
be th¢ actual owner of the physical property of the facility)
or th¢ organization that owns and operates the plant.

oxygen cutting: a group of cutting processes wherein the
severfng of metals is effected by means of the chemical
reaction of oxygen with the base metal at elevated
temperatures. In the case of oxidation-resistant metals,
the r¢action is facilitated by use of a flux.

oxygen gouging: an application of oxygen cutting wherein
a chamfer or groove is formed.

packdged equipment: an assembly of individual compo-
nents|or stages of equipment, Complete with its intercon-
necting piping and connections for piping external to the
equipment assembly. The'assembly may be mounted on a
skid ¢r other structure-prior to delivery.

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

pipe gnd tuberthe fundamental difference between pipe
and tube“iS the dimensional standard to which each is
manufactured.

wall thickness; types K, L, and M copper tube may also be
specified by nominal size and type only. Dimensions and
permissible variations (tolerances) are specified in the
appropriate ASTM or ASME standard specifications.

Types of pipe, according to the method of manufacture,
are defined as follows:

(a) electric resistance welded pipe: pipe produced in
individual lengths or in continuous lengths from coiled
skelp and subsequently cut into individual lengths,

j e jot j scence is
produced by the heat obtained from resistance of the
pipe to the flow of electric current in accircuif of which
the pipe is a part, and by the application of pressure.

(b) furnace butt welded 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 tle furnace
heated skelp throughta cone shaped die (djommonly
known as a “welding bell”) that serves as a fombined
forming and welding die.

(2) furmate butt welded pipe, continuous w4
produced{in“*¢ontinuous lengths from coiled gkelp and
subsequently cut into individual lengths, having its lon-
gitudihal butt joint forge welded by the mechanical pres-
surésdeveloped in rolling the hot formed skelp(through a
set of round pass welding rolls.

(c) electric fusion welded pipe: pipe having aflongitudi-
nal butt joint wherein coalescence is produged in the
preformed tube by manual or automatic elpctric arc
welding. The weld may be single (welded [from one
side) or double (welded from inside and outside) and
may be made with or without the use of filler metal.
Spiral welded pipe is also made by the electric fusion
welded process with a butt joint, a lap joint|or a lock
seam joint.

(d) electric flash welded pipe: pipe having a lopgitudinal
butt joint wherein coalescence is produced| simulta-
neously over the entire area of abutting suffaces, by
the heat obtained from resistance to the flow pf electric
current between the two surfaces, and by the application
of pressure after heating is substantially cpmpleted.
Flashing and upsetting are accompanied by jexpulsion
of metal from the joint.

(e) double submerged arc welded pipe: pip¢ having a
longitudinal butt joint produced by the subnjerged arc

Ided: pipe

Apipeisatube with around cross section conforming to
the dimensional requirements for nominal pipe size as
tabulated in ASME B36.10M, Table 1, and ASME
B36.19M, Table 1. For special pipe having a diameter
not listed in these Tables, and also for round tube, the
nominal diameter corresponds with the outside diameter.

A tube is a hollow product of round or any other cross
section having a continuous periphery. Round tube size
may be specified with respect to any two, but not all
three, of the following: outside diameter, inside diameter,
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process, with at [east two passes, one of which is on
the inside of the pipe.

(f) seamless pipe: pipe produced by one or more of the
following processes:

(1) rolled pipe: pipe produced from a forged billet
that is pierced by a conical mandrel between two diame-
trically opposed rolls. The pierced shell is subsequently
rolled and expanded over mandrels of increasingly larger
diameter. Where closer dimensional tolerances are
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desired, the rolled pipe is cold or hot drawn through dies,
and machined.

One variation of this process produces the hollow
shell by extrusion of the forged billet over a mandrel
in a vertical, hydraulic piercing press.

(2) forged and bored pipe: pipe produced by boring
or trepanning of a forged billet.

(3) extruded pipe: pipe produced from hollow or
solid round forgings, usually in a hydraulic extrusion

within a small range of the actual variables that will
be used in production welding.

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

readily accessible: for visual examination, readily acces-
sible inside surfaces are defined as those inside surfaces
that can be examined without the aid of optical devices.

press. In this-precess-theforgingis-containedina-epin
drical die| Initially a punch at the end of the extrusion
plunger pierces the forging. The extrusion plunger
then forcgs the contained billet between the cylindrical
die and the punch to form the pipe, the latter acting as
a mandre}.

(4) dentrifugally 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
diameterq to the surface roughness and dimensional re-
quirement s of the applicable material specification.

One YVariation of this process utilizes autofrettage
(hydraulic expansion) and heat treatment, above the
recrystallization temperature of the material, to
produce gd wrought structure.

(5) statically cast pipe: pipe formed by the solidifica-
tion of melten metal in a sand mold.

pipe supy
consist of]

hanger}
elements
attachme

orting elements: pipe supporting elements
hangers, supports, and structural attachments.
and supports: hangers and supports includé
hat transfer the load from the pipe or structural
1t to the supporting structure or equipméent.
They include hanging type fixtures, such as_hanger
rods, spring hangers, sway braces, counterweights, turn-
buckles, skruts, chains, guides, and anchers;*and bearing
type fixtures, such as saddles, bases, rollers, brackets, and
sliding supports.
structunal attachments: structural-attachments include
elements that are welded, bolted, or clamped to the pipe,
such as clips, lugs, rings, c€lamps, clevises, straps, and
skirts.

porosity: davity-typediscontinuities formed by gas entrap-
ment during metal¢solidification.

postweld heat treatment: see heat treatments.

preheating: See heat treatments.

(This definition does not prohibit the use of opticald¢vices
for a visual examination; however, the selection ¢f the
device should be a matter of mutuallagreement
between the owner and the fabricator or erector.)

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

reinforcement of weld (external): weld metal on the face of
a groove weld in exceSs of the metal necessary f¢r the
specified weld size€,

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

repair: the work necessary to restore a system or cqmpo-
nent'to meet the applicable Code requirements, an to a
safe and satisfactory operating condition.

restraint: any device that prevents, resists, or limits move-
ment of a piping system.
root opening: the separation between the members|to be

joined, at the root of the joint.

root penetration: the depth a groove weld extends info the
root opening of a joint measured on the centerline pf the
root cross section.

seal weld: a weld used on a pipe joint primarily to gbtain

fluid tightness as opposed to mechanical strength,

ment
of the

semiautomatic arc welding: arc welding with equij
that controls only the filler metal feed. The advance
welding is manually controlled.

shall: “shall” or “shall not” is used to indicate that a provi-

sion or prohibition is mandatory.

shielded metal arc welding: an arc welding prpcess
wherein coalescence is produced by heating with an elec-

pressure: an application of force per unit area; fluid pres-
sure (an application of internal or external fluid force per
unit area on the pressure boundary of piping
components).

Procedure Qualification Record (PQR): a record of the
welding data used to weld a test coupon. The PQR is a
record of variables recorded during the welding of the
test coupons. It also contains the test results of the
tested specimens. Recorded variables normally fall

12

tric arc between a covered metal electrode and the work.
Shielding is obtained from decomposition of the electrode
covering. Pressure is not used and filler metal is obtained
from the electrode.

should: “should” or “it is recommended” is used to indicate
that a provision is not mandatory but recommended as
good practice.
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size of weld:

fillet weld: for equal leg fillet welds, the leg lengths of the
largestisosceles right triangle that can be inscribed 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

sustained stress: a stress developed by an imposed
loading that is necessary to satisfy the laws of equilibrium
between external and internal forces and moments. The
basic characteristic 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 not classified as a sustained stress. Further,

weld [metal or between weld metal and base metal.

soldetring: a metal joining process wherein coalescence is
prodyced by heating to suitable temperature and by using
a nonfferrous alloy fusible at temperatures below 840°F
(4509C) and having a melting point below that of the
base metals being joined. The filler metal is distributed
betwegen closely fitted surfaces of the joint by capillary
actioT. In general, solders are lead-tin alloys and may
contajin antimony, bismuth, silver, and other elements.

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

stresses:

displacement stress: a stress developed by the self-
constraint of the structure. It must satisfy an imposed
strair] pattern rather than being in equilibrium with-an
external load. The basic characteristic of a displacefent
stresq is that it is self-limiting. Local yielding and_minor
distortions can satisfy the displacement or ‘€xpansion
conditions that cause the stress to occur\Failure from
one gpplication of the stress is notwto-be expected.
Further, the displacement stresses.¢alculated in this
Code|are “effective” stresses and ;are generally lower
than fthose predicted by theory of measured in strain-
gage Fests.!

pedk stress: the highest)stress in the region under
consifleration. The basic, characteristic of a peak stress
is thaf it causes no,sigfiificant distortion and is objection-
able dnly as a possible source of a fatigue crack initiation or
abrittle fractufe. This Code does not utilize peak stressas a
desigh basis,\but rather uses effective stress values for
sustajned-Stress and for displacement stress; the peak
stresg effect is combined with the displacement stress

the-sustained-stresses-calewlatedin-this Cedeqre “effec-
tive” stresses and are generally lower than these predicted

by theory or measured in strain-gage tests.
stress-relieving: see heat treatments.
subcritical heat treatment: see heat treatments.

submerged arc welding: an ar¢/welding process wherein
coalescence is produced by‘heating with an eledtric arc or
arcs between a bare metal-electrode or electrodes and the
work. The welding is_Shielded by a blanket of granular,
fusible material ofi the work. Pressure is not|used, and
filler metal is obtained from the electrode and Jometimes
from a supplementary welding rod.

installed
installing

supplementary steel: steel members that arg
between.existing members for the purpose 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 malde.

tempering: see heat treatments.

throat of a fillet weld:

actual: the shortestdistance from the root of alfillet weld
to its face.

theoretical: the distance from the beginning ¢f the root
of the joint perpendicular to the hypotenuse of the largest
right triangle that can be inscribed within the fillet weld
cross section.

toe of weld: the junction between the face of thg weld and

the base metal.
tube: refer to pipe and tube.

tungsten electrode: a nonfiller metal electrode ysed in arc

welding, consisting of a tungsten wire.

undercut: a groove melted into the base metal ddjacent to

effect in the displacement stress range calculation.

! 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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the weld toe or weld root and Ieft unfilled by weld metal.

visual examination: the observation of whatever portions
of components, joints, and other piping elements that are
exposed to such observation either before, during, or after
manufacture, fabrication, assembly, erection, inspection,
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.
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weld: alocalized coalescence of metal that is produced by
heating to suitable temperatures, with or without the
application of pressure, and with or without the use of
filler metal. The filler metal shall have a melting point
approximately the same as the base metal.

welder: one who is capable of performing a manual or
semiautomatic welding operation.

Welder/Welding Operator Performance Qualification
(WPQ): demonstration of a welder's ability to produce

welding operator: one who operates machine or automatic
welding equipment.

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

welds in p manner described in a Welding Procedure
Specificatjon that meets prescribed standards.

by welding.

14
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Chapter I
Design

PART 1
CONDITIONS AND CRITERIA

101
101.]

These design conditions define the pressures, tempera-
tures)and various forces applicable to the design of power
piping systems. Power piping systems shall be designed
for the most severe condition of coincident pressure,
temperature, 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 flange rating.

DESIGN CONDITIONS

General

101.2

All [pressures referred to in this Code are expressed in
pounfs per square inch and kilopascals above atmo4
spherjic pressure, i.e., psig [kPa (gage)], unless otherwise
stated.

Pressure

10].2.2 Internal Design Pressure. The internal design
pressure shall be not less than the maximum' sustained
operating pressure (MSOP) within the piping system
includling the effects of static head,

101.2.4 External Design Pressure. Piping subject to
exterpal pressure shall be désigned for the maximum
differential pressure anticipated during operating, shut-
down, or test conditions.

10].2.5 Pressure Cyecling. This Code does not address
the cpntributionstofatigue in fittings and components
causgd by pressure cycling. Special consideration may
be ngcessary\wWhere systems are subjected to a very
high humber of large pressure cycles.

101.3.2 Design Temperature

(a) The piping shall be designed for-aumeta
ture representing the maximum sustdined condition
expected. The design temperature shall be agsumed to
be the same as the fluid temperature unless cdlculations
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 @nd the outside wall temperature.

(b) Where a fluid\passes through heat excljangers in
series, the design:\temperature of the pipinlg in each
section of the/system shall conform to the mgst severe
temperature ¢ondition expected to be produded by the
heat exchahgers in that section of the system.

(c) For steam, feedwater, and hot water pipipg leading
from fired equipment (such as boiler, reheater, quperheat-
er,or economizer), the design temperature shall be based
on the expected continuous operating conditiopn plus the
equipment manufacturers guaranteed maximum
temperature tolerance. For operation at temperatures
in excess of this condition, the limitations depcribed in
para. 102.2.4 shall apply.

(d) Accelerated creep damage, leading to [excessive
creep strains and potential pipe rupture, daused by
extended operation above the design temperdture shall
be considered in selecting the design tempefature for
piping to be operated above 800°F (425°C).

tempera-

101.4 Ambient Influences

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

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

101.

101.3.1 All temperatures referred to in this Code,
unless otherwise stated, are the average metal tempera-
tures of the respective materials expressed in degrees
Fahrenheit, i.e., °F (Celsius, i.e., °C).

Temperature
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shall be designed to withstand the increased pressure
or provision shall be made to relieve the excess pressure.

101.5 Dynamic Effects

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
sudden changes in fluid momentum. This phenomenon
is often called water or steam “hammer.” It may be
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caused by the rapid opening or closing of a valve in the
system. The designer should be aware that this is only one
example of this phenomenon and that other causes of
impact loading exist.

101.5.2 Wind. Exposed piping shall be designed to
withstand wind loadings. The analysis considerations
and loads may be as described in ASCE/SEI 7,
Minimum Design Loads for Buildings and Other
Structures. Authoritative local meteorological data may

101.7 Thermal Expansion and Contraction Loads

101.7.1 General. The design of piping systems 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 provided
for preferably by pipe bends, elbows, offsets, or changes in
direction of the pipeline.

Hangers and supports shall permit expansion and

also be uged to define or refine the design wind forces.
Where lo¢al jurisdictional rules covering the design of
building sfructures are in effect and specify wind loadings
for piping| these values shall be considered the minimum
design values. Wind need not be considered as acting
concurrently with earthquakes.

101.5.3| Earthquake. The effect of earthquakes shall be
consideref in the design of piping, piping supports, and
restraints| The analysis considerations and loads may be
as described in ASCE/SEI 7. Authoritative local seismolo-
gical datafmay also be used to define or refine the design
earthquake forces. Where local jurisdictional 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, Standard for the Seismic Design and Retrofit of
Above-Ground Piping Systems, may be used as an alter-
nate method of seismic qualification or for guidance in
seismic design. Earthquakes need not be considered as
acting concurrently with wind.

101.5.4
supporte
120.1(c) 4

Vibration. Piping shall be arranged>and
I with consideration of vibration [seéparas.
nd 121.7.5].

101.6 Weight Effects

The following weight effects combined with loads and
forces from other causes shall be takeh into account in the
design of|piping. Piping shall-becarried on adjustable
hangers dr properly leveleditigid hangers or supports,
and suitalle springs, swaybracing, vibration dampeners,
etc., shall|be provided(where necessary.

101.6.1| Live Load. The live load consists of the weight
of the flulid transported. Snow and ice loads shall be
consideref in-Iocalities where such conditions exist.

contraction of the piping between anchors.

101.7.2 Expansion, Swivel, or Ball Joints, and Flexible
Metal Hose Assemblies. Joints of the corrugated be|lows,
slip, sleeve, ball, or swivel types and flexible metal hose
assemblies may be used if their matevials conform fo this
Code, their structural and working parts are of ample
proportions, and their desigh¢prevents the conplete
disengagement of working parts while in service. In dleter-
mining expansion joint design criteria, the designer shall
give due consideration‘to conditions of service, incliiding,
but not limited to, temperature, pressure, extefnally
imposed displagenients, corrosion/erosion, fatigu¢, and
flow velocity.<Phe design of metallic bellows expansion
joints shall be.in accordance with Mandatory Appendix P.

102 .DESIGN CRITERIA
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 componerts.

102.2 Pressure-Temperature Ratings for Piping
Components

102.2.1 Components Having Specific Ratjngs.
Pressure-temperature ratings for certain piping cqmpo-
nents have been established and are contained in sgme of
the standards listed in Table 126.1-1.

Where piping components have established pregsure-
temperature ratings that do not extend to the upper mate-
rial temperature limits permitted by this Code, the[pres-
sure-temperature ratings between those established and
the upper material temperature limit may be determined
in accordance with the rules of this Code, but such ¢xten-

101.6.2 Dead toad.The dead Toad consiStS of the  SIONS are SUbject to restrictions, if amny, imposed Dy the

weight of the piping components, insulation, protective
lining and coating, and other superimposed permanent
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.
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standards.

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

102.2.2 Components Not Having Specific Ratings.
Some of the standards listed in Table 126.1-1, such as
those for butt-welding fittings, specify that components
shall be furnished in nominal thicknesses. Unless
limited elsewhere in this Code, such components shall

(18)
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berated for the same allowable pressures as seamless pipe
of the same nominal thickness, as determined in paras.
103 and 104 for material having the same allowable stress.

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.

Sh(- wd-it ba dacirad ta nica maathade of s fa ot o
trerHepe-aesireate-use To-aS-eahttractdre-of

severe conditions. See para. 122 for design requirements
pertaining to specific piping systems.

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
Apppndiv A_also referred to in this Code Sectjon as the

THetr

desigh of components not covered by this Code or not
listed in referenced standards, it is intended that the
manyfacturer shall comply with the requirements of
parag 103 and 104 and other applicable requirements
of thig Code for design conditions involved. Where compo-
nents| other than those discussed above, such as pipe or
fittings not assigned pressure-temperature ratings in an
Amerjcan National Standard, are used, the manufacturer's
imended pressure-temperature rating shall not be

ximum sustained operating pressure and tempera-
at may act on any part or component of the system
does pot exceed the maximum pressure and temperature
allowgd by this Code for that particular part or component.
The design pressure and temperature shall not exceed the
pressure-temperature rating for the particular compo-
nentgnd material as defined in the applicable specification
or stgndard listed in Table 126.1-1.

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

Itigrecognized that variations in-pressure and tempera-
ture Inevitably occur, and therefore the piping system,
exceft as limited by component standards referred to
in pajra. 102.2.1 or by ‘manufacturers of components
referfed to in para{102.2.2, shall be considered safe
for ogcasional short operating periods at higher than
design pressure or temperature. For such variations,
eithef pressure or temperature, or both, may exceed
the desigh-values if the computed circumferential pres-
sure gtress does not exceed the maximum allowable

Allowable Stress Tables. These tables list allowable stress
values for commonly used materials at.temperatures
appropriate to power piping installations|In every
case the temperature is understood to be the metal
temperature. Where applicable, weld joint pfficiency
factors and casting quality factorsdre included in the tabu-
lated values. Thus, the tabulated values are values of S, SE,
or SE, as applicable.

(b) Allowable stressZvalues in shear shall not exceed
80% of the values determined in accordancg with the
rules of (a). Alléwable stress values in beafing shall
not exceed 160% of the determined values.

(c) The basis for establishing the allowa
values«in this Code Section are the same af
ASMEBPVC, Section II, Part D, Mandatory Af
except that allowable stresses for cast iron a
iroh are in accordance with ASME BPVC, Se
Division 1, Nonmandatory Appendix P for T3
23 and UCD-23, respectively.

ble stress
those in
pendix 1;
hd ductile
ttion VIII,
bles UCI-

102.3.2 Limits for Sustained and Disp
Stresses

acement

(a) Sustained Stresses
(1) Internal Pressure Stress. The calculated stress due

to internal pressure shall not exceed the allowgble stress
values given in the Allowable Stress Tables in Nlandatory
Appendix A. This criterion is satisfied when the wall thick-
ness of the piping component, including any feinforce-
ment, meets the requirements of paras. 104.|l through
104.7, excluding para. 104.1.3 but including the consid-
eration of allowances permitted by paras| 102.2.4,
102.3.3(b), and 102.4.
(2) External Pressure Stress. Piping sjubject to
external pressure shall be considered safe when the
wall thickness and means of stiffening meet the require-
ments of para. 104.1.3.

stress from Mandatory Appendix A for the coincident
temperature by
(a) 15% ifthe eventduration occurs for no more than 8
hr at any one time and not more than 800 hr/yr, or
(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
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(3) Longitudinal Stress. The sum of the longitudinal
stresses, S;, due to pressure, weight, and other sustained
loads shall not exceed the basic material allowable stress
in the hot condition, S;.

The longitudinal pressure stress, Sj,, may be deter-
mined by either of the following equations:

PD,

4t,

Slp =

or
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¢ Pd,”
="
T g2

(b) Displacement Stresses
(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)

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

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)

N = N + 7 (q;sNi) fori=1,2,.,n (2)

When S, is greater than S;, the difference between
them may be added to the term 0.25S, in eq. (1A). In
that casef the allowable stress range, Sy, is calculated
by eq. (18)
Sa = f(1.288, + 1.258;, — S) (1B)

where

= cylclic stress range factor® for the total number of
equivalent reference displacement stress range
cycles, N, determined from eq. (1C)

f=6/N>2 <10 (10)

N = tdtal number of equivalent reference displace-
mlent stress range cycles expected during the
sgrvice life of the piping. A minimum value for
f1s 0.15, which results in an allowable displace-
ment stress range for a total number of equivalent
re¢ference displacement stress range cycles
gifeater than 108 cycles.

S. = basic material allowable stress from Mandatory
Appendix A at the minimum metal temperature
etpected during the reference stressrange cycle,
p§i (kPa)

Sy = basic material allowable stress‘from Mandatory
Appendix A at the maximum metal temperature
expected during the refepence stress range cycle,”
p§i (kPa)

In determining the basi€ material allowable stresses,
S. and S| for welded\ pipe, the joint efficiency factor, E,
need not |be applied\(see para. 102.4.3). The values of
the allowable stresses from Mandatory Appendix A
may be djvided) by the joint efficiency factor given for
that matefial{Tn determining the basic material allowable

where
Ng = number of cycles of the reference(displac¢ment
stress range, Sg
N; = number of cycles associated with displacgment
stress range, S;

qi = Si/Se
S; = any computed stress.rarige other than the fefer-
ence displacement-Stress range, psi (kPa)

(2) Noncyclic, Displacement Stress Ranges. $tress
ranges caused byioncyclic movements such as fthose
due to settlement.or uplift of pipe-supporting strugtures
or componehts such as buildings, pipe racks, pipe anghors,
or rigid supports will not significantly influence fatigue
life. Stress ranges caused by such movements mpy be
calculated using eq. (17), replacing S, with an allowable
stress range of 3.0S¢ and replacing M. with the mgment
range due to the noncyclic movement. The stress rpnges
due to noncyclic displacements need not be compined
with cyclic stress ranges in accordance with (1).

102.3.3 Limits of Calculated Stresses Duie to
Occasional Loads

(a) During Operation. The sum of the longitydinal
stresses produced by internal pressure, live and|dead
loads, and those produced by such occasional lodds as
the temporary supporting of extra weight may ekceed
the allowable stress values given in the Allowable
Stress Tables by the amounts and durations off time
given in para. 104.8.2.

(b) During Test. During pressure tests perfornjed in
accordance with para. 137, the circumferential (hoop)
stress shall not exceed 90% of the yield str¢ngth
(0.2% offset) at test temperature. In addition, th¢ sum
of longitudinal stresses due to test pressure anfl live

stresses for castings, 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 Sj, values no
greater than 20 ksi (140 MPa), unless otherwise justified.

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
other design requirements. This allowance in the
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Table 102.4.3-1 Longitudinal Weld Joint Efficiency Factors

No. Type of Joint Type of Seam Examination Factor E
1 | Furnace butt weld, continuous weld m Straight As required by listed specification 0.60
[Note (1)]
2 | Electric resistance weld m Straight or spiral As required by listed specification 0.85
[Note (1)]
3 | Electric fusion weld
(a) Single butt weld Straight or spiral As required by listed specification 0.85
(without filler metal) A TP VYN 4
nuuluuuau_y 1TUU70 I OO
volumetric examination [Note (2)]
(RT or UT)
(Y Single butt weld Straight or spiral As required by listed specification 0J80
(with filler metal) % Additionally 100% 100
volumetric examination [Note (2)]
(RT or UT)
(c) Double butt weld f Straight or spiral As required by listed specification 090
(without filler metal) )> Additionally 1009 1loo
volumetrie-examination [Note (2)]
(RT or UT)
(d) Double butt weld Straight or spiral As required by listed specification 0[90
(with filler metal) Additiohally 100% 1{oo
{olumetric examination [Note (2)]
(RT or UT)
4 | API 5L Submerged arc weld Straight with As required by specification 0[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 longitudinal*weld joint efficiency factor by additional examination for joint 1 or 2.
(2) RT (radiographic examination) shall be in aecordance with the requirements of para. 136.4.5 or the material specification, as afjplicable. UT
(u]trasonic examination) shall be in aecerdance with the requirements of para. 136.4.6 or the material specification, as applicable.

judgment of the designer shall)be consistent with the 102.4.4 Mechanical Strength. Where nec¢ssary for
expedted life of the piping. mechanical strength to prevent damage, collapse, exces-
sive sag, or buckling of pipe due to superimpdgsed loads
from supports or other causes, the wall thickrless of the
pipe should be increased; or, if this is impractical or would
cause excessive local stresses, the superimposegd loads or
other causes shall be reduced or eliminated by other
design methods. The requirements of para. 104.1.2(c)
shall also apply.

102.4.2 Threading.and Grooving. The calculated
minithum thickness\of-piping (or tubing) that is to be
threaded shall be\increased by an allowance equal to
threafl depth;dimension h of ASME B1.20.1 or equivalent
shall apply«For'machined surfaces or grooves, where the
tolergnce-iS)not specified, the tolerance shall be assumed
to be [/40n. (0.40 mm) in addition to the specified depth of

cut. The requirements of para. 104.1.2(c) shall also apply. 102.4.5 Bending. The minimum wall thickness at any (18)
102.4.3 Weld Joint Efficiency Factors. The use of joint ~ Point on the pepd shall confo'rm to (a) or (b). o
efficiency factors for welded pipe is required by this Code. (a) The minimum wall thickness at any point in a

The factors in Table 102.4.3-1 are based on full penetra-  completed bend shall not be less than required by eq.
tion welds. These factors are included in the allowable (7) or (8) of para. 104-1-_2(3)- _ _
stress values given in Mandatory Appendix A. The (1) Table 102.4.5-1 is a guide to the designer who

factors in Table 102.4.3-1 apply to both straight seam  Must specify wall thickness for ordering pipe. In
and spiral seam welded pipe. general, it has been the experience that when good

shop practices are employed, the minimum thicknesses
of straight pipe shown in Table 102.4.5-1 should be

19
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Table 102.4.5-1 Bend Thinning Allowance _ 4R/D,) +1
— : HR/Dy) + 2 ©
Minimum Thickness 0
Recommended Prior to
Radius of Bends Bending and at the sidewall on the bend centerline
6 pipe diameters or greater 1.06t,, I=10
5 pipe diameters 1.08¢,
4 pipe diameters 1.14¢, Wherf . X
3 pipe diameters 125¢6 R = bend radius of pipe bend
GENERAL NOTES: See—para—t04-12-for-the-othernomenclature used
(a) Interpojation is permissible for bending to intermediate radii. above. r
(b) t,, is dgtermined by eq. (7) or (8) of para. 104.1.2(a). . .
(c) Pipe dipmeter is the nominal diameter as tabulated in ASME W equals 1 for seamless pipe or for seam-welded pipe
B36.10]M, Table 1 and ASME B36.19M, Table 1. For piping  Operating below the creep range and for parts.of the bend
with a fliameter not listed in these tables, and also for tubing, that do not contain a weld.
the norhinal diameter corresponds with the outside diameter. Thickness variations from the intrados to the extirados
. . . o . and at the ends of the bend shall be‘gnadual. The thickness
sufficient for bending and still meet the minimum thick- requirements apply at the center of the bend arc, it the
ness requirements Of para. 104'1'2(3)'_ intrados, extrados, and bend*centerline (see Fjigure
() 'Ihe. benq thinning allowance in Tz?ble 102'4'5'1 102.4.5-1). The minimum thickness at the ends ¢f the
maybe prpvided mn all parts of the Cross section of the p1pe bends shall not be less than the requirements of|para.
circumference without any detrimental effects being 104.1.2 for straight pipe. For bends to conform tp this
produced . ) . paragraph, all thickness requirements must be mdt.
(b) The¢ minimum required thickness, t,,, of a bend,
after bendling, in its finished form, shall be determined 102.4.6 Casting Quality Factors
in accordgnce with eq. (3) or (4) . .
(a) General. Except for gray iron castings, the ude of a
PD, : ) . :
ty= —————— + A (3) castingquality factor is required for all cast components
2(SEW/I + Py) that™dse the allowable stress values of Mandhtory
Appendix A as the design basis. This factor, 0.80 for cast-
or ings and 0.85 for centrifugally cast pipe, is included fin the
_ Pd + 2SEWA/I + 2yPA (a§ allowable stress values given in Mandatory Appendix A.
™ (SEW/I + Py — P) This required factor does not apply to component stan-
dards listed in Table 126.1-1, if such standards define
where at the intrados (inside of bend) allowable pressure-temperature ratings or provide the
4(R/D,) — 1 allowable stresses to be used as the design basfs for
=—"20 - (5) the component.
4(R/D,) =2 (b) For steel materials, a casting quality factdr not
exceeding 1.0 may be applied when the following require-
. ments are met:
and at th¢ extrados (outside p{aend) (1) Al11 steel castings having a nominal body thick-
. . ness of 47/, in. (114 mm) or less (other than|pipe
Figure 102.4.5-1 Nomenclature for Pipe Bends flanges, flanged valves and fittings, and butt wglding
- end valves, all complying with ASME B16.5 or B16.34)
shall be inspected visually (MSS SP-55 may be usg¢d for
End of bend guidance) as follows:
(typ.) (-a) All critical areas, including the junctiong of all
gates, risers, and abrupt changes in section or dir¢ction
| and area of weld end preparation, shall be volumetrically
R // examined in accordance with ASME BPVC, Section V.
/ Radiographs shall conform to the requirements of
/ ASTM E446, Reference Radiographs for Steel Castings
Intrados // up to 2 in. (50 mm) in Thickness, or ASTM E186,
v Reference Radiographs for Heavy Walled (2 to 4% in.
/// Extrados [50 to 114 mm]) Steel Castings, depending upon the
: > e section thickness. MSS SP-54 may be used for guidance.
""""" — The maximum acceptable severity level for a 1.0 quality
factor shall be as listed in Table 102.4.6-1. Where
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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. (25 mm) >1 in. (25 mm)
Category Designation Thick Thick

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

(-a) All surfaces of each casting including
machined gasket seating surfaces shall be examined by
the magnetic particle or dye penetrant method after
heat treatment. The examination techniques shall be in
accordance with Article 6 or 7, as applicable, and with
ASME BPVC, Section V, Article 9. Magnetic particle or
dye penetrant indications exceeding degree 1 of Type

Particle

A ! 2 I, degree 2 of Type II, degree 3 of Type III, and degree
B 2 3 1 of Types IV and V of ASTM E125, Standard
CTypes1, 2,3 and 4 1 3 Reference—Photographs—forMagnetic
D, E, Fj and G None acceptable None acceptable Indications on Ferrous Castings, shall be rém

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

A, B, ahd Types 1 and 2 of C 2 2
C Typd¢ 3 3 3
D, E, apd F None acceptable None acceptable

apprapriate, radiographic examination (RT) of castings
may be supplemented or replaced with ultrasonic exam-
inatidn (UT), provided it is performed in accordance with
MSS $P-94.

(-b) All surfaces of each casting, including
machfined gasket seating surfaces, shall be examined
by thg magnetic particle or dye penetrant method after
heat freatment. The examination techniques shall be in
accofdance with Article 6 or 7, as applicable, and
ASMH BPVC, Section V, Article 9. MSS SP-53 and SP-93
may be used for guidance. Magnetic particle or dye pene-
trant jndications exceeding degree 1 of Type I, degree 2 of.
Type[], and degree 3 of Type 1], and exceeding degregel of
Typep IV and V of ASTM E125, Standard Reference
Photpgraphs for Magnetic Particle Indicdtions on
Ferrous Castings, are not acceptable and shall be removed.
(-c) Where more than one casting of a particular
desigh is produced, each of the first five\castings shall be
insperted as above. Where more-than five castings are
being produced, the examination’ shall be performed
on thp first five plus one additienal casting to represent
each ffive additional castings If this additional casting
provgs to be unacceptable; éach of the remaining castings
in th¢ group shall bé/inspected.

(-d) Any discontinuities in excess of the maximum
permijtted in (b){1)(-a) and (b)(1)(-b) shall be removed,
and tJne casting'may be repaired by welding after the base

metal has-been inspected to ensure complete removal of
discqntinuities. [Refer to para. 127.4.11(a).] The

ved.

jected to
in accor-
phs shall

(-b) All parts of castings shall be sul
complete volumetric examination (RT or UT)
dance with ASME BPVC, Section V.'Radiogr3
conform to the requirements ofYASTM E280.

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

(-c) Any.discontinuities in excess of the maximum
permitted in‘(-a) and (-b) shall be removed and may be
repaired, by welding after the base metal |has been
maghnetic particle or dye penetrant inspected [to ensure
cofriplete removal of discontinuities. [Refer 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 thg finished
weld surface. All weld repairs of depth less than 20%
of the section thickness, or 1 in. (25 mm), whichever is
the lesser, and all weld repairs of section that 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 metal, and
ofthe finished weld surface. Magnetic particle or|dye pene-
trant testing of the finished weld surface shall be done
after postweld heat treatment.

(c) For castiron and nonferrous materials, np increase
of the casting quality factor is allowed except whHen special
methods of examination, prescribed by the matgrial spec-
ification, are followed. If such increase is sa)ecifically

permitted by the material specification, a flactor not

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.

(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 B16.34)
shall be inspected visually (MSS SP-55 may be used for
guidance) as follows:
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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 material. This reduction is a factor in determining
the minimum wall thickness for longitudinal-welded or
spiral-welded pipe (i.e., not seamless), whether fabricated
in accordance with a material specification or fabricated in
accordance with the rules of this Code. The weld strength
reduction factor, W, is given in Table 102.4.7-1. The
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2.4.6-2 Maximum Severity Level for Casting
ickness Greater Than 4% in. (114 mm)

Category Designation

Discontinuity
Severity Level

A, B, and Types 1, 2, and 3 of C

2

2SEW (t,,, — A)
= < 9
D, — 2)(tyy — A) ®
B 2SEW(t,, — A) 10

T d=2(t, —A) + 2,

D, E, and F None acceptable
where
designer is responsible to assess application of weld A = additional thickness, in. (mm)
strength reduction factor requirements for welds other (a) To compensate for material
than longifudinal and spiral, as applicable (e.g., circumfer- removed 1n threading, grooving] etc.,
ential welds). required to make a mechanical’joint,
refer to para. 102.4.2.
(b) To provide for mechanical strength
PART 2 of the pipe, refer to para. 102.4.4 (not
PRESSURE DESIGN OF PIPING COMPONENTS intended to provide fdrextreme condjtions
of misapplied externalloads or for mechan-
103 CRITERIA FOR PRESSURE DESIGN OF PIPING ical abuse).
COMPONENTS (c) To provide for corrosion apd/or
. o . erosion, réfer“to para. 102.4.1.

The degign of piping components sha.ll consider the d = inside diameter of pipe, in. (mm]. For
ef.fects of pressure and tempe.raturfe, in accor(.iance design ‘calculations, the inside diafneter
leth paras. 104.1 through 104.7, including the considera- of pipe is the maximum possible palue
tion of.a.ll wances perm.ltted by paras. 102.2:4 .and 102.4. allowable under the purchase spedifica-
In additiop, the r.nechanlcal strepgth of the piping system tion. When calculating the alloWable
shall be determined adequate in accordance with para. working pressure of pipe on hand|or in
104.8 unfler other applicable loadings, including but stock, the actual measured inside diameter
not limited to those loadings defined in para. 101. and actual measured minimum wall thick-

ness at the thinner end of the pipe nlay be
104 PRESSURE DESIGN OF COMPONENTS used to calculate this pressure.
. . D, = outside diameter of pipe, in. (mm). For
(18) 104.1 St ralght Pipe design calculations, the outside diafneter

104.1.1 Straight Pipe Under Internal Pressure. of pipe as given in tables of stanflards
Straight pipe under internal pressure shall have a and specifications shall be usged in
minimum|wall thickness calculated per para. 104.1.2. obtaining the value of t,,,, When calculating

. . the allowable working pressure of pipe on

104.1.2 Stral.ght.Plpe Under Interr]al Pressure — hand or in stock, the actual meagured
Seamlgssn, Longitudinal Welded, or Spiral Welded and outside diameter and actual measured
Operating Below the Creep Range minimum wall thickness at the thinner

(a) Miimum Wall Thickngss.)The minimum thickness end of the pipe may be used to calgulate
of pipe wall® required for-design pressures and for this pressure.
temperatyres not exceeding those for the various mate- P = internal design pressure, psig [kPa (gage)]
rials listed in the Allowable Stress Tables, including allow- NOTE: When computing the design pressyire for
ances for mechanical strength, shall not be less than that a pipe of a definite minimum wall thicknfess by
determingd by ‘eq.*(7) or (8), as follows: eq. (9) or (10), the value of P obtained by these

D formulas may be rounded out to the next higher

=—9° 4 A (7) unit of 10. For cast iron pipe, see para. 1j04.1.2
2(SEW F Py) ).

SE or SF = maximum allowable stress in material due

_ Pd + 2SEWA + 2yPA (8) to internal pressure and joint efficiency (or

Design

3 SF shall

™" 2(SEW + Py —P)
pressure shall not exceed

be used in place of SE where casting quality factors are

intended. See definition of SE. Units of P and SE must be identical.

Mandatory

Appendix A values must be converted to kilopascals

when the design pressure is in kilopascals.

22

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 the respective
material and design temperature. These
values include the weld joint efficiency,
E, or the casting factor, F.
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Table 102.4.7-1 Weld Strength Reduction Factors 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), (9), (10)] 1.00 095 091 086 082 077 073 068 0.64
CSEF (N+T) [Notes (8), (11), (12)] 1.00 095 091 086 082 0.77
CSEF (Sub Crit) [Notes (8), (13)] 1.00 050 050 050 050 050 0.50

Austenitic stainless (incl. 800H & 800HT) [Notes (14), ... 1.00 095 091 086 082 0.77

@asy

Autogdnously welded austenitic stainless [Note (16)] ... 1.00 1.00 1.00 1.00"\,1T.p0 1.00

NOTEY:

(1) NP = not permitted.

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

(3) All weld filler metal shall be a minimum of 0.05% C for CrMo and CSEF materials, and 0.04% C«of austenitic stainless if 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
Table. All other Code rules apply.

(5) Longitudinal seam welds in CrMo and CSEF materials shall be subjected to, and pass, a X00% 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 shall be used‘er the factor, W, where required by the|rules of this

ode Section. However, the additional rules of this Table and Notes do not apply.

(7 arbon steel pipes and tubes are exempt from the requirements of para. 102:4.7 and this Table.

(8) Basicity index of SAW flux = 1.0.

(9) The CrMo steels include YCr-Y,Mo, 1Cr-%Mo, 1Y4,Cr-%Mo-Si, 2%,Cr-1M6,3€r-1Mo, and 5Cr-"%Mo. Longitudinal welds shall be normal-
ifed, normalized and tempered, or subjected to proper subcritical PWHT for the alloy.

(10) Iongitudinal seam fusion welded construction is not permitted for B=%Mo steel for operation in the creep range [see Notes [2) and (4)].

(11) The CSEF (creep strength enhanced ferritic) steels include Grades 91, 92, 911, 122, and 23.

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

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

(14) WSRFs have been assigned for austenitic stainless\(including 800H and 800HT) longitudinally welded pipe up to 1,500°H as follows:

Temperature, °F 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
15500 816 0.5
(15) (ertainheats of theaustenitic stainless steels, particularly for those grades whose creep strength is enhanced by the precipitation of temper-
esistant carbides-and carbo-nitrides, can suffer from an embrittlement condition in the weld heat affected zone that can lead tp premature
}ilure of welded components operating at elevated temperatures. A solution annealing heat treatment of the weld area njitigates this
usceptibility.
(16) Autogenous SSwelded pipe (without weld filler metal) has been assigned a WSRF up to 1,500°F of 1.00, provided that the produft is solution

dnnealed after welding and receives nondestructive electric examination, in accordance with the material specification.
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ed, as

B, UG-

to the

uire-

Imate-

t,, = minimum required wall thickness, in. (mm) thickness at least equal to that specified above for steel
(a) Ifpipeisordered by its nominal wall pipe of corresponding size.
thickness, the manufacturing tolerance on (3) Plain end nonferrous pipe or tube shall have
wall thickness must be taken into account. minimum wall thicknesses as follows:
After the minimum pipe wall thickness, t,,, (-a) For nominal sizes smaller than NPS %, (DN
is determined by eq. (7) or (8), this 20), the thickness shall not be less than that specified
minimum thickness shall be increased by for Type K of ASTM B88.
an amount sufficient to provide the manu- (-b) For nominal sizes NPS ¥, (DN 20) and larger,
facturing tolerance allowed in the applic- the wall thickness shall not be less than 0.049 in. (1.25
ablepipe-specificationorrequired-by mi—The-wall-thickness—shall- befurtherinereas
the process. The next heavier commercial required, in accordance with para. 102.4.
w:fln thickness shall then be SeleCte.d fro.m 104.1.3 Straight Pipe Under External Pressure. For
thickness schedules such as contained in . . . . .
, determining wall thickness and stiffening réquirements
ASME B36.10M or from manufacturers . .
schedules for other than standard for straight pipe under external pressure, the procedures
thickness. outlined in ASME BPVC, Section VIII;-Division 1, UG-2
(b) To compensate for thinning in 29, and UG-30 shall be followed.
bends, refer to p.)a'ra. 102.4.5. 104.2 Curved Segments of Pipe
(c) For cast piping components, refer to
para. 102.4.6. 104.2.1 Pipe Bends:Pipe bends shall be subject
(d) Where ends are subject to forming  following limitations:
or machining for jointing, the wall thick- ((1) The minimuim wall thickness shall meet the re-
ness of the pipe, tube, or component quirements of’para. 102.4.5 and the fabrication re
after such forming or machining shall ments of para.129.
not be less than t,, minus the additional (b) Limits on flattening and buckling at bends nlay be
thickness, 4, provided for removal. specified,by design, depending upon the service, the
W = weld strength reduction factor (see para. rial,*and the stress level involved. Where limits on flat-
102.4.7) tening and buckling are not specified by design, the
= 1 for seamless pipe or for seam-welded féquirements of para. 129.1 shall be met.
pipe _operatmg. below the creep range 104.2.2 Elbows. Elbows manufactured in accorflance
y = 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/
AWWA C[110/A21.10 or ANSI/AWWA_€153/A21.53.
The thickhess of ductile iron pipe.may be determined
by ANSI/AWWA C115/A21.15 ,er~ANSI/AWWA C150/
A21.50. These thicknesses~inelude allowances for
foundry tplerances and water hammer.

(c) While the thicknes$ determined from eq. (7) or (8)
is theoretically ample for both bursting pressure and
material temoved inthreading, the following minimum
requireménts aremandatory to furnish added mechanical
strength:

(1) Where steel pipe is threaded and used for steam

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.

104.3 Intersections
104.3.1 Branch Connections

(a) This paragraph gives rules governing the desjign of
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 df the
branch and of the run is between 45 deg and 90 deg,
inclusive.

Branch connections in which the smaller angle between
the axes of the branch and the run is less than 45 deg or

service at pressure above 250 psi (1 750 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 temperature classifications permitted for these mate-
rials by other paragraphs of this Code and shall have a wall

24

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,
but sufficient additional strength must 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:
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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. N06690 0.4 0.4 0.4 0.4 0.5 0.7 0.7
Nickelf 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 04 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) Fqr pipe with a D,/t,, ratio less than 6, the value of y for ferritic and austenitic steels designed for temperatures of 900°F (480°() and below

shill be taken as

y=

NOTE:| (1) Metals listed in Mandatory Appendix A that are not covered by the categories,of materials listed above.

7) fittings, such astees, laterals, and crosses made in
accorfance with the applicable standards listed in Table
126.1}1 where the attachment of the branch pipe to the
fittinlg is by butt welding, socket welding, brazing,
soldeting, threading, or by a flanged connection.

?) weld outlet fittings, such as cast or forgéd
nozzles, couplings and adaptors, or similar items
wherg the attachment of the branch pipe to the fitting
is by|butt welding, socket welding, threading;,or by a
flang¢d connection. Such weld outlet fittings are attached
to the run by welding similar to that shown in Figure
127.4.8-5 or Figure 127.4.8-6, as applicable. MSS SP-97
may be used for design and manufacturing standards
for ifftegrally reinforced forged\branch outlet fittings.
Couplings are restricted to amaximum of NPS 3 (DN 80).
3) extruded outlets atxight angles to the run pipe, in
accorfance with (g), wherethe attachment of the branch
pipe iIs by butt welding:

4) piping directly attached to the run pipe by
weldiI:llg in accordance with para. 127.4.8 or by socket
weldipg or threading as stipulated below.

(-a)-socket welded right angle branch connections
may be'made by attaching the branch pipe directly to the

d+ D,

d

(-3) the clearance between the bottpm of the
socketand the end of the inserted branch pipe i in accor-
dance with Figure 127.4.4-3.

(-4) thesize ofthe fillet weld isnotlesg than 1.09
times the nominal wall thickness of the brandh pipe.

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

(-1) the nominal size of the branch| does not
exceed NPS 2 (DN 50) or one-fourth of thg 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), anfl NPS 1'%,
(DN 40) branches; and eight for NPS 2 (DN 50) bfanches. If
the run pipe wall does not have sufficient thijckness to
provide the proper depth for thread engagement, an alter-
native type of construction shall be used.

(c) Branch Connections Not Requiring Reinfofcement. A
pipe having a branch connection is weakengd by the
opening that must be made in it. Unless the wall thickness
of the branch and/or run pipe is sufficiently ir] excess of
that required to sustain the pressure, it is nefessary to

run pipe provided

(-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 depth of the socket measured at its
minimum depth in the run pipe is at least equal to
that shown in ASME B16.11. If the run pipe wall does
not have sufficient thickness to provide the proper
depth of socket, an alternate type of construction shall
be used.

provide additiomat materiat to meet the reinforcement re-
quirements of (d) and (e). However, there are certain
branch connections for which supporting calculations
are not required. These are as follows:

(1) branch connections made by the use of a fitting
(tee, lateral, cross, or branch weld-on fitting), manufac-
tured in accordance with a standard listed in Table
126.1-1, and used within the limits of pressure-tempera-
ture ratings specified in that standard.

25
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tmp tmp = required minimum wall thickness, in. (mm),
of the branch or header pipe as determined
by use of eq. (7) or (8) in para. 104.1.2(a)

t- = thickness of attached reinforcing pad, in
Example A, in. (mm); or height of the
largest 60 deg right triangle supported by
the run and branch outside diameter
projected surfaces and lying completely
within the area of integral reinforcement,

in Byayanla DB i ()
iR pre-—

(2) branch connections made by welding a coupling
or half coupling directly to the run pipe in accordance with
Figure 127.4.8-6, provided the nominal diameter of the
branch does not exceed NPS 2 (DN 50) or one-fourth
the nominal diameter of the run, whichever is less. The
minimum wall thickness of the coupling anywhere in
the reinforcement zone (if threads are in the zone,
wall thickness is measured from the root of the thread

to the minimum 0.D.) shall not be less than that of the
unthreaded-branech—pive—1nno-case—shal-the-thickness

THerprp TH o Ca5t-—5ar—ee—rirEreneSs

of the coypling be less than extra heavy or Class 3000
rating.

Smallbranch connections NPS 2 (DN 50) or smaller as
shown in Figure 127.4.8-7 may be used, provided t,, is not (-a) If the run pipe contains a longitudinal|seam
less than the thickness of schedule 160 pipe of the branch that is not intersected by the branch,‘the stress [value
size. of seamless pipe of comparable grade may be uded to

(3) integrally reinforced fittings welded directly to determine the value of ¢,,, for®he purpose of reinforce-
the run pjpe when the reinforcements provided by the ment calculations only. If thébranch intersects a longitu-
fitting angl the deposited weld metal meet the require- dinal weld in the run, or ifthe'branch contains a weld, the
ments of [d). weld joint efficiency for ‘either or both shall entg¢r the

(4) integrally reinforced extruded outlets in the run calculations. If the branch and run both contain longitu-
pipe. The [reinforcement requirements shall be in accor- dinal welds, care~shall be taken to ensure that the two
dance with (g). welds do notdntefsect each other.

a = angle between axes of branch and‘vup, deg

(d) Brfanch Connections Subject to Internal Pressure

(-b) ~The required reinforcement area in sfjuare

Requiring
(1)}

Reinforcement
Reinforcement is required when it is not

inches (square millimeters) for branch conned
shall bé&’the quantity

tions

provided |inherently in the components of the branch
connectign. This paragraph gives rules covering the
design of branch connections to sustain internal pressure
in cases where the angle between the axes of the branch
and ofthefunis between 45 degand 90 deg. Subparagraph
(e) gives frules governing the design of connections to
sustain ejternal pressure.

(2) Higure 104.3.1-1 illustrates the notations used in
the pressfire-temperature design conditiens of branch
connectiops. These notations are as follows:
b| = subscript referring to_branch
dq| = inside centerline longitudinal dimension of

the finished branehepening in the run of the
pipe, in. (mm)
= [Dop = 2(T§7-A)]/sin &
d,| = “half width’ of reinforcing zone, in. (mm)
= the gréater of d, or (T, - A) + (T, - A) +d,/2
buttinvho case more than D, in. (mm)
D,y = outside diameter of branch, in. (mm)
D,y =7outside diameter of header, in. (mm)

ment becomes

limits of the reinforcement zone as defined in (-dJ.

Ay = Ag(2 —sin a) = (t,,, — A)d; (2 —sina)
Forrightangle connections, the required reinforce-

A7 = Ag = (tyy — A)dy
The required reinforcement must be within the

(-c) The reinforcement required by (2) shpll be

that provided by any combination of areas Ay, 4,, 4s,
A4, and 45, as defined below and illustrated in Higure
104.3.1-1 where

A; = areaprovided by excess pipe wall in the run

= (2dz - d)(Th = tmn)

A, = area, in.? (mm?), provided by exces§ pipe

wall in the branch for a distancp, Ly,
above the run

= 2Ly (T = tws)/sin @

A3 = area provided by deposited weld metal

hnynnd the outside diameter of the run

h = subscript referring to run or header
L, = altitude of reinforcement zone outside of
run, in. (mm)
= 2.5(Tp — A) + t, or 2.5(T} - A), whichever is
smaller
Ty, T, = actual wall thickness (by measurement) or
the minimum wall thickness permissible
under the purchase specification of the
branch or header pipe, in. (mm)

and branch, and for fillet weld attachments
of rings, pads, and saddles

A, = area provided by a reinforcing ring, pad, or
integral reinforcement. The value of A, may
be taken in the same manner in which
excess header metal is considered,
provided the weld completely fuses the
branch pipe, run pipe, and ring or pad,
or integral reinforcement. For welding
branch connections refer to para. 127.4.8.
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Figure 104.3.1-1 Reinforcement of Branch Connections

(18)
Tp
Excess wall Additional
in branch thickness, A Nominal
Imp thickness
Reinf t ;
elfrorcemen Mill tolerance Reinforcement
zgne
’ zone
_ B I S S0 T . — . . o
[ | g. -
s / A, Branch withouf I
A § A . reinforcemepht |
3 § 2 : Branch pipe
. § | (for saddle
L,| Ringorpad, A, l § I or nozzle _\ see Detail o
[Notes (1) and (2)] :
_ As As : next page) Excess wall
1 At is I A; in header
t N .
| \ N ' S
I | f ST
N
S R — /IV 4,%% N
B Aq i =N
| a4 ~I Header or _/ { !
’ = L run pipe :
Nominal L Mill tolerance d, / d> PP |
thickness | | Imh i< - I
| \e
Additignal .
thicness, A — . Buﬂrheadi'._’_‘_.___._.___.__
[see|para. 104.1.2(a)]
i Branch
Doh
Example A
Explanation jof areas:
Arep A; — available reinforcement area (excess wall) in header Area A, — metal in ring, pad, or integral ‘reinforcement
i X i T Detail)

N
@ Are
Area A; — available reinforcement area fillet weld metal

VA Area Ag — pressure design area (expected

at the end of service life)

8T10Z-T'1€d ANSV
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Figure 104.3.1-1 Reinforcement of Branch Connections (Cont’d)

Reinforcement
zone

Az
Branch pipe

Saddle, As '
[Nate (3)]

N
or nozzle _\
gu

90 deg

i |

Excess wall
in header

Y

L/
\

l He

GENERAL NOTES:

(a) This Figure illustrates the nogenclature of para. 104.3.1(d).

|
X
ader or _/ T\A

run pipe

Detail
for Example A

1

[}

(b) Required reinforcement area F A7 = A¢ (2 - sin a) = (tmn — A)d; (2 - sin a).
=A; + Ay + A3 + A4 + As (as applicable).
2 required reinforcement area.

(c) Available reinforcement areas
(d) Available reinforcement areas

NOTES:

(1) When aring or pad is added agreinforcement (Example A), the value of reinforcement area may Bbetaken in the same manner in which excess header meta
completely fuses the branch pipe, header pipe, and ring or pad. Typical acceptable methods of weldingthatmeet the above requirement are shown in Figure 1
(2) Width to height of rings and pafls shall be reasonably proportioned, preferably on a ratio as close to 4:1 as thé available horizontal space within the limits of {

Reinforcement

_
T

area

(a)

and the outside diameter of the branch will permit, but in no case may the ratio be less than 1:1.
(3) Reinforcement saddles are limited to use on 90 deg branches (Example A Detail).

area

d, Reinforcement

d

EERN
|
<—¢o~—>|

Example B

(b)

is considered, provided the weld
27.4.8-4, illustrations (c) and (d).
he reinforcing zone along the run

8T10Z-T'1€d ANSV
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As = area provided by a saddle on right angle
connections
= (0.D. of saddle - D,p)t,
Ag = pressure design area expected at the end of

service life
(tmn = A)dy

Portions of the reinforcement area may be
composed of materials other than those of the run

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

0.5t,,4d1(2 — sina)

where t,,, is the required header wall thickness deter-
mined for straight pipe under external pressure, using
procedures outlined in ASME BPVC, Section VIII,

pipe, btati—theaHewable stress—ofthesematerialsis
less than that for the run pipe, the corresponding calcu-
lated [reinforcement area provided by this material shall
be reduced in the ratio of the allowable stress being
appli¢d to the reinforcement area. No additional credit
shall|be taken for materials having higher allowable
stresg values than the run pipe.
(-d) Reinforcement Zone. The reinforcement zone
is a pgrallelogram whose width shall extend a distance, d5,
on edch side of the centerline of the branch pipe, and
whosg altitude shall start at the inside surface of the
run pipe and extend to a distance, L4, from the outside
surfage of the run pipe.
(-e) Reinforcement of Multiple Openings. It is
prefefred that multiple branch openings be spaced so
that their reinforcement zones do not overlap. If closer
spacipg is necessary, the following requirement shall
be met. The two or more openings shall be reinforced
in acgordance with (d)(2), with a combined reinforcement
that Has a strength equal to the combined strength of the
reinforcement that would be required for the sepaxate
openings. No portion of the cross section shall be,consid-
ered 4sapplying to more than one opening, or be€yaluated
more|than once in a combined area.
When more than two adjacent openings are to be
provifled with a combined reinforcement, the minimum
distaiice between centers of any,two’ of these openings
should preferably be at least.1%/times their average
diam¢ter, and the area of reinfoercement between them
shall pe at least equal to-50% of the total required for
these[two openings.
(-f) Rings, Pads, and Saddles. Reinforcement
provided in the.form of rings, pads, or saddles shall
not b¢ appreciably narrower at the side than at the crotch.
A vent.hole shall be provided at the ring, pad, or
e to(provide venting during welding and heat treat-
Refer to para. 127.4.8(e).

saddl
ment

Divistornmr 1, UG-28,UG-29, UG-30, and UG-31-
Procedures established heretofore for copnections
subject to internal pressure shall apply‘for cqnnections
subject to external pressure provided that D,3, D, and
t. are reduced to compensate for external cofrosion, if
required by design conditions,
(f) Branch Connections Subjéect to External Forces and
Moments. The requirementsof the preceding ppragraphs
are intended to ensure‘safe performance of|a branch
connection subjected,only to pressure. Howeyer, when
external forces anid moments are applied to|a branch
connection by thermal expansion and contraction, by
dead weight\of piping, valves, and fittings,| covering
and conténts, or by earth settlement, the brangh connec-
tion shallbe analyzed considering the stress intensifica-
tion factors as specified in Mandatory Appendix D. Use of
ribs/ gussets, and clamps designed in accordpnce with
pdra. 104.3.4 is permissible to stiffen the brangh connec-
tion, but their areas cannot be counted as conttfibuting to
the required reinforcement area of the branch cpnnection.
(g9) Extruded Outlets Integrally Reinforced
(1) The following definitions, modificatipns, nota-
tions, and requirements are specifically applicable to
extruded outlets. The designer shall make proper wall
thickness allowances in order that the frequired
minimum reinforcement is ensured over the ¢lesign life
of the system.
(2) Definition. An extruded outlet header [is defined

as a header in which the extruded lip at the ouflet has an
altitude above the surface of the run that is egual to or
greater than the radius of curvature of thd external
contoured portion of the outlet; i.e,, h, = r,. S¢e nomen-
clature and Figure 104.3.1-2.
(3) These rules apply only to cases where the axis of

the outlet intersects and is perpendicular to thefaxis of the
run. These rules do not apply to any nozzle in which addi-
tional nonintegral material is applied in the form of rings,

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

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

29

pads, or saddles.
(4) The notation used herein is illustrated in Figure
104.3.1-2. All dimensions are in inches (millimeters).

d, = corroded internal diameter of branch pipe
d. = corroded internal diameter of extruded
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
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Figure 104.3.1-2 Reinforced Extruded Outlets
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(d) See Note (3)

NOTES:

(1) Taper bore inside diameter (if required) to match branch pipe 1:3 maximum taper.
(2) Mlustration to show method of establishing T, when the taper encroaches on the crotch radius.
(3) Mlustration is drawn for condition where k = 1.00.
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height of the extruded lip. This mustbe equal
to or greater than r,, except as shown in (b)
under the definition of r,.

altitude of reinforcement zone

0.7./Dy, T,

half width of reinforcement zone (equal to
dc)

radius of curvature of external contoured
portion of outlet measured in the plane

(5) The required area is defined as
A7 = K(tyy — A)d,
where K shall be taken as follows:

For D,,/D,y greater than 0.60,
K = 1.00

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

Tf—n_A+2h.h

containing the axes of the run and
branch. This is subject to the following
limitations:

(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,p, + 12.7 mm). For outlet
pipe sizes less than NPS 6 (DN 150), this
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 curvatute at
every point on the contour shall meet the
requirements of (a) and (b).

(d) Machining other than.grinding for
weld cleanup shall nottbe-employed in
order to meet the above\requirements.
actual wall thickness™ (by measurement) or
the minimum wall thickness permissible
under the purchase specification of the
branch pipedminus the corrosion allowance,
in. (mm)
actual-wall thickness (by measurement) or
thesminimum wall thickness permissible
under the purchase specification of the
héeader pipe minus the corrosion allowance,
in. (mm)
required thickness of branch pipe according

o7 =01

For D,;/D,, equal to or less than Q.15,
K =10.70

The design must meet critefiathat the rein
area defined in (6) is not less‘than the requirj
(6) ReinforcementAred. The reinforcement
be the sum of areas

A+ Ay + Ay

as defined below.

(-a)-fArea A, is the area lying within the
ment zonetesulting from any excess thickness a
the gun wall.

A= dc(Th - tmh)

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

Ay = 2Lg( Ty, — tyyp)

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

Ay = 2V0[To—(T,; - A)]

(7) Reinforcement of Multiple Openi
preferred that multiple branch openings be
that their reinforcement zones do not overlag
spacing is necessary, the following requirem
be met. The two or more openings shall be 1
in accordance with (g) with a combined rein
that has a strength equal to the combined sf
the reinforcement that would be required for

forcement
ed area.
areashall

reinforce-
vailable in

reinforce-
vailable in

reinforce-
hble in the

ngs. It is
spaced so
. If closer
ents shall
einforced
forcement
rength of
separate

ro
T - A
T - A
tpl = A
ton - A

to wall thickness eq. (7) or (8) in para.
104.1.2(a), but not including any thickness
for corrosion

= required thickness of the run according to

eq. (7) or (8) in para. 104.1.2(a), but not
including any allowance for corrosion
corroded finished thickness of extruded
outlet measured at a height equal to r,
above the outside surface of the run

31

opemnings No portiomof the tross sectiomstratt
ered as applying to more than one opening, or be
more than once in a combined area.

be consid-
evaluated

(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 tr
shall be marked on the section.

ademarks
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104.3.3 Miters. Miter joints, and the terminology
related thereto, are described in Mandatory Appendix
D. A widely spaced miter with

t
0<9 /—ndeg
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

(-b) For widely spaced miters (see Mandatory
Appendix D for definition)

ts = t,(1 + 0.64,/r/t, tan 0)
(The above equation requires an iterative or quadratic
solution for t;.)

104.3.4 Attachments. External and internal attach-
ments to piping shall be designed so as not to cause flat-

straight pfpe welded together, with @ equal to or greater
than this ¢alculated value may be used within the limita-
tions desdribed below.
(a) Prepsure shall be limited to 10 psi (70 kPa) under
the following conditions:
(1) The assembly includes a miter weld with 8 >22.5
deg, or cdntains a segment that has a dimension

B < 6t,

(2) The thickness of each segment of the miter is not
less than fhat determined in accordance with para. 104.1.

(3) The contained fluid is nonflammable, nontoxic,
and incompressible, except for gaseous vents to
atmosphete.

(4) The number of full pressure cycles is less than
7,000 duriing the expected lifetime of the piping system.

(5) Hull penetration welds are used in joining miter
segments

(b) Pressure shall be limited to 100 psi (700 kPa) under

the conditfions defined in (a)(2), (a)(3), (2)(4), and (a)(5),
in additiop to the following:

(1) the angle 0 does not exceed 22.5 deg

(2) the assembly does not contain any segmentthat
has a dimfension

B < 6t,

(c) Miterstobe used in other services pr at design pres-
suresaboye 100 psi (700 kPa) shallineet the requirements
of para. 104.7.

(1) When justification under para. 104.7 is based on
comparablle service conditions, such conditions must be
establishegd as comparablewith respect to cyclic as well as
static loadings.

(2) When justification under para. 104.7 is based on
an analys|s, thatranalysis and substantiating tests shall
consider Ellje discontinuity stresses that exist at the junc-

tening ofthe pipe-excessivelocalized bendingstresses, or
o rrr=’ o ’

harmful thermal gradients in the pipe wall. It is impgrtant
that such attachments be designed to minimijze $tress
concentrations in applications where the number of
stress cycles, due either to pressure or thermal ¢ffect,

is relatively large for the expected life of the equipment.

104.4 Closures

104.4.1 General. Closures-for power piping syftems
shall meet the applicable-Tequirements of this|Code
and shall comply with\the requirements described in
(a) or (b). Closures,may be made

(a) by use of closure fittings, such as threadged or
welded plugs;«aps, or blind flanges, manufactured in

accordance.with standards listed in Table 126.1-1, and
used within the specified pressure-temperfture
ratings,-or

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

ty=t+A

where

t = 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

 shall
given

The symbol 4 and the symbols used in determining
have the definitions shown herein, instead of those
in the ASME BPVC.

Attachment of a welded flat permanent closurg
only a single fillet weld is not permitted.

with

104.4.2 Openings in Closures. Openings in clgsures
may be made by welding, extruding, or threading.
Attachment to the closure shall be in accordancq with

ture betweensegmentsboth-for-statie{includingbritde
fracture) and cyclic internal pressure.

(3) Thewallthickness, t;, of a segment of a miter shall
not be less than specified in (-a) or (-b), depending on the
spacing.

(-a) For closely spaced miter bends (see
Mandatory Appendix D for definition)

A 2—r/R
ST M1 = r/R)

32

the limitations provided for such connections in para.
104.3.1 for branch connections. If the size of the
opening is greater than one-half of the inside diameter
of the closure, the opening shall be designed as a
reducer in accordance with para. 104.6.

Other openings in closures shall be reinforced in accor-
dance with the requirements of reinforcement for a
branch connection. The total cross-sectional area required
for reinforcement in any plane passing through the center
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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)

104.5 Pressure Design of Flanges and Blanks

104.5.1 Flanges — General
(a) Flanges of sizes NPS 24 (DN 600) and smaller, that

ACNME D1 1
T

(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).

ty=t+A (13)

where
t = pressure design thickness as calculated for the
given style of blind flange from the appropriate
equations for bolted flat cover plates in ASME

are nmantfactared-inraceordanee—with- ASME-B16-1-and
B16.5, shall be considered suitable for use at the
primgry 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
300 primary pressure service rating. Refer to para.
127.44.

Foif flanges larger than NPS 24 (DN 600), and manufac-
tured|in accordance with the specifications and standards
listed|in Table 126.1-1, the designer is cautioned about the
dimensionally different designs that are available, as well
as th¢ limitations of their application.

Flahges not made in accordance with the specifications
and standards listed in Table 126.1-1 shall be designed in
accor[dance with ASME BPVC, Section VIII, Division 1,
except that the requirements for fabrication, assembly,
inspeftion, and testing, and the pressure and temperature
limitq for materials of this Code for Pressure Piping shall
goverln. Certain notations used in the ASME Code, namely
P, Sq, [Sp, and Sp; shall have the meanings described below.
instegd of those given in the ASME Code. All other nota-
tions [shall be as defined in the ASME Code.

P |= design pressure, psi (kPa) (see paras.101.2.2 and
101.2.4)
S. [ boltdesign stressatatmospheric temperature, psi
(kPa)
S, [ boltdesign stress at design-temperature, psi (kPa)
S¢ [F allowable stress for flange’material or pipe, psi
(kPa) (see para. 102.3/1 and Allowable Stress
Tables; stress values-eonverted from MPa to kPa)

Fo1l certain specific/applications, see the limitations of
paras} 122.1.1(f),(g)) and (h).

(b)| These flange design rules are not applicable to flat
face fesignstemploying full face gaskets that extend
beyond theybolts.

(c)| Thebolt design stress in (a) shall be as established

BFVC, Section—Certatm notations—useq in these
equations, namely P and SE [see,pabg. 104.1.2
(a), footnote 3], shall be considéered td have the
meanings described in para, 104.1.2(4) instead
ofthose given in the ASME Code:All othernotations
shall be as defined in thée»ASME Code.

104.5.3 Blanks

(a) The required tHickness of permanent blanks (see
Figure 104.5.3-1) shall'be calculated from the|equation

th =t + A
where
t = pressure design thickness as calculatefl from eq.
(14)
| 3P 14)
t=dg,| —— (
5\ 16SE

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 pressyre design
thickness t specified above, except that P shpll be not
less than the test pressure and SE [see parj. 104.1.2
(a), footnote 3] may be taken as the {pecified
minimum yield strength of the blank material if 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

Flanged reducer fittings manufactured in afcordance
with-the standardslistedin-Table 126.1-1 shall be consid-

in ASME BPVC, Section VIII, Division 1, Nonmandatory
Appendix P for ferrous materials.

(d) Application of bolting materials for flanged joints is
covered in para. 108.5.

104.5.2 Blind Flanges

(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.

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.

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
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Figure 104.5.3-1 Types of Permanent Blanks

ot e

7
|

I

6

for use unfder normal operating conditions at or below the
specified |pressure-temperature ratings. However, the
user is capitioned that where certain standards or manus
facturers|may impose more restrictive allowances,for
variation from normal operation than those established
by this Code, the more restrictive allowances shall apply.

104.7.2 Specially Designed Components. The pres-
sure design of components not covered by the standards
listed in Tlable 126.1-1 or for which-deSign formulas and
procedurgs are not given in this"Gode shall be based on
calculations consistent with<he design criteria of this
Code. Thgse calculations_shall be substantiated by one
or more df the means stated in (a), (b), (c), and (d).

(a) extensive, suceessful service experience under
comparable conditioens with similarly proportioned
components of<¢he same or similar material

(b) experiméntal stress analysis, such as described in
ASME BPYCXSection VIII, Division 2, Annex 5-F

d

Calculations and documentation showing compliance
with this paragraph shall be available for the owner's
approval and, for boiler external piping, they shall befavail-
able for the Authorized Inspector's review.

104.8 Analysis of Piping Components

To validate a design under the rules in this paragraph,
the complete piping system must be analyzed for ¢ondi-
tions and criteria dealing with the effects of thérmal
expansion, weight, other sustained loads, and appljcable
occasional loads such as those described in para. 101} Each
componentin the system must meet the limits in this|para-
graph. For pipe and fittings, the pressure term in eqg. (15)
and (16) may be replaced with the alternative term for S,
asdefined in para. 102.3.2(a)(3). The pressure term in egs.
(15) and (16) may not apply for bellows and expansion
joints. When evaluating stresses in the vicinity of expan-
sion joints, consideration must be given to actual ¢ross-

(c) proof testin accordance with ASME B16.9; MSS SP-
97; or ASME BPVC, Section I, A-22

(d) detailed stress analysis, such as finite element
method, in accordance with ASME BPVC, Section VIII,
Division 2, Part 5, except that the basic material allowable
stress from the Allowable Stress Tables of Mandatory
Appendix A shall be used in place of S,

Forany of (a) through (d), itis permissible to interpolate
between sizes, wall thicknesses, and pressure classes and
to determine analogies among related materials.

sectional areas that exist at the expansion joint.

104.8.1 Stress Due to Sustained Loads. The effects of
pressure, weight, and other sustained mechanical loads
shall meet the requirements of eq. (15).

(U.S. Customary Units)
PD 0.75iM
Sp=—24+ A <05, (15)
4t, Z
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(SI Units) M¢ = resultant moment loading range on the cross
PD 0.75iMy section due to the reference displacement load
S = 8 <108 For flexibili 1 h 1
L (1000)4¢ 7 h range. For flexibility analyses, the resultant
n : .
moment due to the ambient to normal operating
where load range and eq. (1A) are typically used, in.-1b

(mm-N) [see paras. 102.3.2(b), 104.8.4, and

stress intensification factor (see Mandatory
119.7].

Appendix D). The product 0.75i shall never be

taken as less than 1.0. .
104.8.4 Moments and Section Modulus

M, = resultant momentloading on cross section due to P oy g o ra L ;
weight and other sustained Ioads, In.-Ib (Mm-N) terereqs—to)thojranai7)rtheresuitany moments
(see para. 104.8.4) for straight through components, curved pipe;gr welding
S, = basic material allowable stress at maximum  €/Pows may be calculated as follows:
(hot) temperature [see para. 102.3.2(b)] M= (M 22k '2)1/2
S;| = sum of the longitudinal stresses due to pressure, ]\ Y] Z
weight, and other sustained loads
Z| = section modulus, in.? (mm®) (see para. 104.8.4)  Where
j = A, B, or C as definedtifparas. 104.8.1, 1(04.8.2, and
104.8.3

104.8.2 Stress Due to Occasional Loads. The effects of
pressure, weight, other sustained loads, and occasional
loadq shall meet the requirements of eq. (16). The
loads|described in para. 101.5 may be considered as occa-

(18) . . .3 3
Z = section modulus-of piping, in.” (mm?)

(b) For fullroutlet branch connections, calfulate the
resultant montent of each leg separately in atcordance

sional loads if the time limitations of the term k are met.

with (a). Use’Z, section modulus, in eqgs. (15),/(16), and
(U.S. Customary Units) (1}2) as appl)llicable to branch or frur}l pilpe. M;) nerl;ts are
. . takenjat the junction point of the legs. S¢e Figure

BBy | 075My | O75Mp o (16)  1048.4-1. °
Hy z z (c) Forreduced outlets, calculate the resultait moment
. of each leg separately in accordance with (a). Mdments are
(SI Units) to be taken at the junction point of the legs, finless the
Do 0.75iMy  0.75iMp designer can demonstrate the validity of a less|conserva-

< kS
= h tive method. See Figure 104.8.4-1. For the reduced outlet

branch, except for branch connections covered by
Mandatory Appendix D, Table D-1, General Npte (b) or
Figure D-1,

My My Mc = \[Mp? + My3% + M52

+
(1000)4t,, Z

Termf same as para. 104.8.1, except

k| = 1.15 for occasional loads acting for no more than
8 hr at any one time and no njore than 800 hr/yr
[see para. 102.3.3(a)]

= 1.2 for occasional loads acting for no more than 1 and

hratany one time and'no more than 80 hr/yr [see Z = mry’t, (effective section modulus)

para. 102.3.3(a)] rp = branch mean cross-sectional radius, irf. (mm)
Mpg| = resultant moment loading on the cross section t. = effective branch wall thickness, in. (mm)

due to occasiehal loads, such as thrusts from = lesser of t,, or it,, in eq. (17), or lessdr of t,, or

relief/safety valve loads, from pressure and 0.75it,p, where 0.75i 2 1.0, in egs. (15) and (16)

flow transients, and earthquake, in.-lb (mm-N)

[see\pdras. 102.3.3(a) and 104.8.4] For the reduced outlet branch connections covered by
P,| = pressure coincident with the occasional load ~ Mandatory Appendix D, Figure D-1,

being evaluated, psi (kPa)

104.8.3 Stress Dueto Displacement Load Ranges. The

effect
meet

s of thermal expansion and other cyclic loads shall
the requirements of eq. (17).

iMc
Sp = <s
E 7 A

a7

Terms same as para. 104.8.1, except

Mo Mo Mo = g 2 oag 20 g 2
b i - V XD yJ )

and

Z = ' T,

If Ly in Figure D-1, illustrations (a), (b), and (c) equals or
exceeds 0.5 ,/rTj, then r',,, can be taken as the radius to the

center of T, when calculating the section modulus and the
stress intensification factor. For such a case, the transition

(18)
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Figure 104.8.4-1 Cross Section Resultant Moment
Loading

rial used on the internal surface of the pipe. It is the
responsibility of the designer to determine whether
these components are suitable for use in the particular
application being considered. See para. 106.1(e).

105.2.2 Nonferrous Pipe

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

between Qranch pipe and nozzle must be evaluated sepa-
rately from the branch connection.
For the|main run outlets,

MAI MBI MC = \/Mxlz + Mylz + MZIZ

— 2 2 2
= \/sz +M)’2 + My,

and
Z = segtion modulus of pipe, in.> (mm?)

PART 3
SELECTION AND LIMITATIONS OF PIPING
COMPONENTS

105 PIPE
105.1 General

Pipe conforming to the stahdards and specifications
listed in Mandatory Appendix A shall be used within
the range|of temperatlires for which allowable stresses
are given |within thé&limitations specified herein.

105.2 Metaltic Pipe
105.2.1| Ferrous Pipe

(D) Copper and brass pipe for air may be used I gccor-
dance with the allowable stresses given in the Alloyable
Stress Tables.

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

(d) Copper, copper alloy, or,aldminum alloy pipe or
tube may be used under thednditions stated in|para.
124.7. Copper, copper alloy,~or aluminum pipe oy tube
shall not be used for flammable, combustible, or|toxic
fluids except as permitted in paras. 122.7 and 123.8.

105.3 Nonmetallic Pipe

(a) Rulessand service limitations for plastic and elas-
tomer-based piping materials, with or without fabjric or
fibroussmaterial added for pressure reinforcemerft, are
given in Mandatory Appendix N. These matgrials
include thermoplastics and reinforced thermos¢tting
resins.

(b) Metallic piping lined with nonmetals may bd used
for fluids that would corrode or be contaminatgd by
unprotected metal. See para. 122.9 and Mandptory
Appendix N.

(c) Reinforced concrete pipe may be used in 4ccor-
dance with the specifications listed in Table 126.1-1
for water service up to 150°F (65°C).

(d) Aflexible nonmetallic pipe or tube assembly may be
used in applications where

(1) satisfactory service experience exists

(2) the pressure and temperature conditions are
within the manufacturer's recommendations

(3) the conditions described in paras. 104.7,
and 124.9 are met

124.7,

106 FITTINGS, BENDS, AND INTERSECTIONS
106.1 Fittings

(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
within the ratings established by the standards and speci-
fications listed in Tables 126.1-1 and A-5 and Notes
thereto, and the limitations herein and in para. 124.6.
Ductile iron pipe shall not be used for flammable, combus-
tible, or toxic fluids. Temperature limits for the use of
ductile iron pipe are often determined by the type of elas-
tomeric gasket used in the pipe joints, or the lining mate-

(a) Threaded, flanged, grooved and shouldered, 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 be used in
power piping systems within the material, size, pressure,
and temperature limitations of those standards, and
within any further limitations specified in this Code.
Material for fittings in flammable, combustible, or toxic
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fluid systems shall, in addition, conform to the require-
ments of paras. 122.7 and 122.8.

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

(c) Cast butt-welding steel fittings not covered by the
dimensional standards listed in Table 126.1-1 may be used
up to the manufacturer's pressure and temperature
ratings, provided they are radiographed in accordance
with MSS SP-54. Fittings with discontinuities in excess
Ofth e—permitted—byM P 4 ol be—reje et e
purchaser may allow the repair of a rejected fitting
provided it is reexamined and accepted in accordance
with the requirements of MSS SP-54.

(d)| Fabricated ends for grooved and shouldered type
jointg are acceptable, provided they are attached by full
penefration welds, double fillet welds, or by threading.
Fabrifated ends attached by single fillet welds are not
acceptable.

(e)| Elastomeric gasket bell end fittings complying with
appli¢able standards listed in Table 126.1-1 may be used
for water service. Temperature limits for gray and ductile
iron flittings using ANSI/AWWA C111/A21.11 joints are
150°F (65°C) for push-on joints and 120°F (49°C) for
mechlanical joints, based on standard water service
gaskdt and lining materials. Fittings of this type using
alterpative materials, as allowed by AWWA C111, may
be uded for nonflammable, nontoxic service to 212°F
(1009C), where suitability for the fluid and operating
conditions has been established by test or experience.
Templerature limits for bell and spigot fittings in nonme-
tallic [pipe shall be per para. 105.3.

106.2 Bends and Intersections

Bends and extruded branch connections may be used
when|designed in accordance with the-provisions of paras.
104.2yand 104.3, respectively. Mitérs-tmay be used within
the limitations of para. 104.33:

106.3 Pipe Couplingsand Unions

(a)| Castiron and n1alleable iron pipe couplings shall be
limitgd in application*as referenced in paras. 124.4 and
124.5, respectively.

(b)| Straight<thread couplings shall not be used.

(c)| Class:3000 steel pipe unions constructed in accor-
dancg withrthe MSS standard SP-83 may be used, provided

application shall include the following service conditions:
thermal cycling, bend radius, cycle life, and the possibility
of corrosion and erosion. Installation shall be limited to a
single-plane bend, free from any torsion effects during
service conditions and nonoperating periods. Type of
end-connector components shall be consistent with the
requirements of this Code.

(b) A flexible metal hose assembly, consisting of one
continuous length of seamless or butt welded tube
ot — imited as
to application in piping systems that are/within the
scope of this Code, provided that the conditions|described
in (a) are met. For application subject to internal pressure,
the flexible element shall be contained'within orpe or more
separate layers of braided metal'permanently attached at
both coupling ends by welding.orbrazing. For application
in toxic fluid systems, it is réecommended that the designer
also review the standards-published by the rel¢vant fluid
industry for any additional safety and materials require-
ments that may bé necessary.

(c) Aflexible metal hose assembly consisting of wound
interlocking-metal strips may be applied to atinospheric
vent systémsvonly and shall not be used in sygtems that
convey-high temperature, flammable, toxic, or $earching-
typexfldids. Where applicable, as determingd by the
deSigner and within the limitations describefd in para.
122.6 and those imposed by the manufactprer, this
type of hose assembly may be used at pressur¢ relieving
devices.

107 VALVES
107.1 General

(a) Valves complying with the standards and specifica-
tions listed in Table 126.1-1 shall be used withinthe speci-
fied pressure-temperature ratings. Unless ¢therwise
required in the individual standards and spegifications
listed in Table 126.1-1, such steel valves shall b¢ pressure
tested in accordance with MSS SP-61.

(b) Valvesnotcomplying with (a) shall be of ddesign, or
equal to the design, that the manufacturer reqommends
for the service as stipulated in para. 102.2.2. Siich valves
shall be pressure tested in accordance with MSS SP-61.

(c) Some valves are capable of sealing simultaneously
against a pressure differential between an intefnal cavity
of the valve and the adjacent pipe in both directions.

the systemmdesigmtonditions are withim the stardard's
listed pressure-temperature ratings.

106.4 Flexible Metal Hose Assembly

(a) Flexible 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 accordance with
para. 101 and within the limitations of the assembly as
recommended by the manufacturer. The basis for their

Where liquid is entrapped in such a valve and is subse-
quently heated, a dangerous rise in pressure can result.
Where this condition is possible, the owner shall provide
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 device used
solely for the overpressure protection from such
entrapped fluid and conforming to (a) or (b) need not
comply with the requirements of para. 107.8. Any
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penetration of the pressure retaining wall of the valve
shall meet the requirements of this Code.

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

(e) Materials used for pressure retention for valves in
flammable, combustible, or toxic fluid systems shall in
addition conform to the requirements of paras. 122.7
and 122.8.

nominal chemical composition and physical properties
as that used for the main line. Bypasses may be integral
or attached.

107.8 Pressure-Relieving Valves and Devices

107.8.1 General. Pressure-relieving valves and devices
shall conform to the requirements specified in this Code
for flanges, valves, and fittings for the pressures and
temperatures to which they may be subjected.

(f) When—selecting—diaphragmvalvesinaccordanee
with MSY standard SP-88, the designer shall specify 107.8.2 Pressure-Relieving Valves on Boiler Exllernal
the propér category pressure-temperature rating for ~ Piping. Safety, safety-relief, and power-actuated

the system design conditions, and should consider the
expected|in-service and shelf lives of the diaphragm
material.

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

107.2 Marking

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

Eachva

107.3 Ends

may be used with flanged, threaded, butt
bocket welding, or other ends in accordance
cable standards as specified inpara. 107.1(a).

Valves
welding,
with appl

107.4 Stem Threads

Where threaded stem valves ape-used, stem threads may
be interndl or external with refererce to the valve bonnet.
Outside sqrew and yoke desigiishall be used for valves NPS
3 (DN 80) and larger for‘pressures above 600 psi (4 135
kPa). Thid requirement.is not applicable to quarter-turn
valves that comply’with all other provisions of this Code.

107.5 Bagnnet-Joints

Bonnethoints may be of ﬂnngnd, welded, pressure seal

pres-
sure-relieving valves on boiler external piping shpll be
in accordance with para. 122.1.7(d)(1).

107.8.3 Pressure Relief Requirements on Nonboiler
External Piping

(a) Reheater safety valves‘oh reheat piping
conform to para. 122.1.7(d){L).

(b) Safety, safety-reliefyr€lief, and pilot-operated
sure relief valves shall-be in accordance with ASME
Section VIII, Division 1, UG-126.

(c) Nonreclgsing pressure relief devices, such as
rupture disksypin devices/valves, and spring-lgaded
nonreclosing devices, shall be in accordance|with
ASME BPVC, Section VIII, Division 1, UG-127.

(d)~Valves and devices in (b) and (c) shd
constructed, manufactured, rated, and marked in 3
dance with the requirements of ASME BPVC, Sectio
Division 1, UG-128 through UG-132 and UG-136 th
UG-138.

(e) An ASME Code Stamp and capacity certificati
notrequired for valves with set pressures 15 psig [1(
(gage)] and lower.

shall

pres-
BPVC,

11 be
ccor-
h VIII,
rough

nare
0kPa

107.8.4 Nonmandatory Appendix. For nonmand
rules for the design of safety valve installation
Nonmandatory Appendix II.

atory
5, see

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

108.1 Flanges

Flanges shall conform to the design requirements of
para. 104.5.1 or to the standards listed in Table 126.1-
1. They may be integral or shall be attached to pipe by
threading, welding, brazing, or other means within the

union type, or other design, except that screwed bonnet
connections in which the seal depends on a steam tight
threaded joint shall not be permitted as source valves in
steam service at pressures above 250 psi (1 750 kPa).

107.6 Bypasses

Sizes of bypasses shall be in accordance with MSS SP-45
as a minimum standard. Pipe for bypasses shall be at least
schedule 80 seamless, and of a material of the same

38

applicable standards specified in Table 126.1-1.
108.2 Blanks

Blanks shall conform to the design requirements of
para. 104.5.3.
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108.3 Flange Facings

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

108.4 Gaskets

108.6 Metric Bolting

108.6.1 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) Threads shall be in accordance with ASME B1.13M,
M profile, with tolerance Class 6g for external threads and
Class 6H for internal threads.

(b) Threads shall be the coarse-thread series for size
M68 and smaller, and 6 mm fine-pitch for M70 and larger

Gagkets shall be made of materials that are not injur-
iously affected by the fluid or by temperature. They shall
be infaccordance with Table 112-1.

108.% U.S. Customary Bolting
108

(a)
with
Tabld
shall

(b)

or ro

.5.1 General

Bolts, bolt studs, nuts, and washers shall comply
Applicable standards and specifications listed in
112-1 and Table 126.1-1. Bolts and bolt studs
extend completely through the nuts.

Washers, when used under nuts, shall be of forged
led material with steel washers being used under
steel nuts and bronze washers under bronze nuts.

(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 haye
ASMH 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 qtuds and accompanying nuts shall be-threaded in
accordance with ASME B1.1 Class 2A for external
thredds and Class 2B for internalcthreads. Threads
shall pe the coarse-thread series eXcept that alloy steel
bolting 1% in. and larger in dianieter shall be the 8-
pitch{thread series.

(f) |Carbon steel headed-bolts shall have square, hex, or
heavy hex heads (ASMEtB18.2.1) and shall be used with
hex dr heavy hex nuts\(ASME B18.2.2). For bolt sizes
smaller than %, in)‘square or heavy hex heads and
heavy hex nuts«are recommended. For bolt sizes larger
than [1% in..bolt studs with a hex or heavy hex nut on
each [end-are recommended. For cast iron or bronze
flangpstusing %, in. and larger carbon steel headed

sizes, exceptthatalloy 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 orheavy hex
in accordance with ASME B18.2!3.5M and B18.2.3.6M,
respectively. Heavy hex heads.are recomme¢nded for
headed bolt sizes M18 and’smadller.

(d) Boltstuds are recommeénded in lieu of hepded bolts
for sizes M39 and larger.

108.6.2 Responsibilities When Specifying o
Metric Bolting

Allowing

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

(b) The designer shall ensure that the selected metric
size will fit within the flange bolt holes, and tha 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 corrgsponding
U.S. Customary size, the designer shall ensurg that the
selected size is capable of the required assembly
torque and of producing the required gasket |oading to
adequately seal at design pressure. Further, the designer
shall ensure sufficient contact area exists befween the
flange metal and both the nut and bolt head to withstand
the required bolt loading. If not, larger bolting dr a higher
flange class shall be selected.

PART 4
SELECTION AND LIMITATIONS OF PIPING JOINTS

110 PIPING JOINTS

The type of piping joint used shall be suitalle for the
design conditions and shall be selected with conkideration

1 1
bolts, SUUAre mmucs 1rdy pe uscd.

108.5.2 For the various combinations of flange mate-
rials, the selection of bolting materials and related rules
concerning flange faces and gaskets shall be in accordance
with para. 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.

39

of joint tightness, mechanical strength, and the nature of
the fluid handled.

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, welders,
and welding operators in conformance with the rules
established in Chapter V.
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All welds shall be made in accordance with the applic-
able requirements of Chapter V.

111.2 Butt Welds

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

112 FLANGED JOINTS

Flanged joints shall conform to paras. 108 and 110 and
Table 112-1.

113 EXPANDED OR ROLLED JOINTS

Expanded or rolled joints may be used where experi-
ence or test has demonstrated that the joint is suitable for
the design conditions and where adequate provisions are

111.2.2| Backing Rings for Butt Welds. If backing rings
are used |n services where their presence will result in
severe coprosion or erosion, the backing ring shall be
removed |[and the internal surface ground smooth. In
such services, where it is impractical to remove the
backing 1fing, consideration shall be given to welding
the joint Without a backing ring, or with a consumable
type inseqt ring.

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(d). 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.

111.3.2| Dimensions for sockets of socket welding
components shall conform to ASME B16.5 for flanges
and ASME B16.11 for fittings. Assembly of sockét
welded jdints shall be made in accordance with para.
127.3(e).

111.3.3| A branch connection socket welded directly
into the wall of the run pipe shall be-ift*accordance
with requfirements of para. 104.3.1(b}(4)

111.3.4{ Drains and bypasses may be attached to a
fitting or [valve by socket welding, provided the socket
depth, boye diameter, and shieulder thickness conform
to the requirements of ASME B16.11.

111.4 Fillet Welds

Fillet W
minimun
127.4.4-3

elds shall’have dimensions not less than the
dimensions shown in Figures 127.4.4-2,
and 127.4.8-4.

made 10 prevent separation or tne Joint.

114 THREADED JOINTS

Threaded joints may be used within'the limit3
specified in para. 106 and within the ‘ether limit3
specified herein.

tions
tions

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 tightnessjof the
jointdependson aseal weld or a seating surface othef than
the threads,;and where experience or test has dgmon-
strated that/such threads are suitable.

114:2. Threaded Joints, Access Holes With Pl

114.2.1
(a) Threaded joints are prohibited where any
following conditions is expected to occur:
(1) temperatures above 925°F (496°C), excq
permitted by paras. 114.2.2 and 114.2.3
(2) severe erosion
(3) crevice corrosion
(4) shock
(5) vibration
(b) The maximum size limitations in Table 114
apply to threaded joints in the following services:
(1) steam and water at temperatures above
(105°C)
(2) flammable gases, toxic gases or liquidg, and
nonflammable nontoxic gases [also subject to the gxcep-
tions identified in paras. 122.8(b) and 122.8.2(c)(?)]

serve

ugs

bf the

pt as

2.1-1

p20°F

114.2.2 Threaded access holes with plugs, which
as openings for radiographic inspection of welds, are not

111.5 Seal Welds

Seal welding of connections, including threaded joints,
may be used to avoid joint leakage, but the welding shall
notbe considered as contributing any strength to the joint.
Also see para. 127.4.5. Seal welded threaded joints are
subject to the limitations of para. 114.

40

subject to the limitations of para. 114.2.1 and Table
114.2.1-1, provided their design and installation meet
the requirement of para. 114.1. A representative type
of access hole and plug is shown in PFI ES-16.

114.2.3 Threaded connections for insertion type instru-
ment, control, and sampling devices are not subject to the
temperature limitation stated in para. 114.2.1 nor the
pressure limitations stated in Table 114.2.1-1 provided
that design and installation meet the requirements of


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

1574

Table 112-1 Piping Flange Bolting, Facing, and Gasket Requirements (Refer to Paras. 108, 110, and 112)

Flpange A Mating With Flange B
Item Flange|A Flange B Bolting Flange Facings Gaskets
(a) Class 25 cast iron Class 25 cast iron (a)(1) “Low strength” (a)(1) Flat (#)(1) Flat ring nonmetallic to
[Notes (1), (2), and (3)] ASME B16.21, Table 1
(a)(2) “Higher strength” or (a)(2) Flat (#)(2) Full face nonmetallic to
“low strength” ASME B16.21, Table 1
[Notes (1) through (5)]
(b) Class 125 cast iron Class 125 )cast iron, “Low strength” Flat Flat ring; nonmetallic to
Class 150 (steel and stainless [Notes (1), (2), and (3)] ASME B16.21, Table 2
steel (excluding MSS SP-51),
or
Class 150 ductile iron
(©) Class 125 cast iron, Class 125 cast iron, “Higher strength” or “low Flat Full face nonmetallic to
Class 150 bronze, Class 150 bronze, strength” [Notes (1) ASME B16.21, Table 2
th h (7 Notes (8) and (9
MSS SP-51 stainlesq steel, or Class 150 steel and stainless rough (7)] [Notes (8) and (9)]
Nonmetallic steel (including MSS SP-51),
Class 150 ductile iron, or
Nonmetallic
(d) Class 150 steel and|stainless Class 150 steel and stainless (d)(1) “Low strength” (d)(1) Raised or flat on one (¢)(1) Flat ring nonmetallic to
steel (excluding NISS SP-51), steel (excluding MSS SP-51), [Notes*(1), (2), and (3)] or both flanges ASME B16.5, Annex C,
or or Group Ia, Table C1
Class 150 ductile ir¢n Class 150 ductile iron [Note (10)]
(d)(2) “Higher strength’, (d)(2) Raised or flat on one (@) (2) Ring style to
[Notes (3), (4), and {5)] or both flanges ASME B16.5, Annex C,
Groups la and Ib,
Table C1 [Notes (10)
and (11)]
(d)(3) “Higher strength” or (d)(3¥Flat (@) (3) Full face
“low strength” nonmetallic to
[Notes (1) through (5)] ASME B16.5, Annex C,
Group Ia material
(e) Class 150 steel and|stainless Class 150 steel and stainless steel “Higher strength” Ring joint Ring joint to ASME B16.20
steel (excluding MISS SP-51) (excluding MSS SP-51) [Notes (3), (4), and (5)]
) Class 250 cast iron Class 250 cast iron, (H(1) “Low strength” (f)(1) Raised or flat on/6ne (D(1) Flat ring nonmetallic to

Class 300 steel and stainless steel,

or
Class 300 ductile iron

[Notes (1), (2), and (3)]

or both flanges

ASME B16.21, Table 3

(H)(2) “Higher strength” or
“low strength”
[Notes (1) through (5)]

(f)(2) Flat

(f)(2) Full face nonmetallic to
ASME B16.21, Table 6
(Class 300)

810Z-T'1€4d ANSV
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Table 112-1 Piping Flange Bolting, Facing, and Gasket Requirements (Refer to Paras. 108, 110, and 112) (Cont’d)

Flange A Mating With Flange B

810Z-T'1€d ANSV

Item Flange|A Flange B Bolting Flange Facings Gaskets
(8) Class 300 bronze Class 250 cast iron, “Higher strength” or “low Flat Fpll face nonmetallic to
Class 300 bronze, strength” [Notes (1) ASME B16.21, Table 11
Class 300 steel and stainless steel,  through (7)] [Note (8)]
or
Class 300 ductile iron
(h) Class 300 ductile ir¢n Class/B00 steel and stainless (h)(1) “Low strength” (h)(1) Raised or flat on one or  (h)(1) Flat ring nonmetallic to
steel; orx [Notes (1), (2), and (3)] both flanges ASME B16.5, Annex C,
Class 300/ ductile iron Group Ia, Table C1
[Note (10)]
(h)(2) “Higher strength” (h)(2) Raised or flat on one or  (h)(2) Ring style to
[Notes (3), (4), and (5)] both flanges ASME B16.5, Annex C
[Notes (10) and (11)]
(h)(3) “Higher strength” or (h)(3) Flat (R)(3) Full face
“low strength” nonmetallic to
[Notes (1) through (5)] ASME B16.5, Annex C,
Group la material
[Note (10)]
o~ ) Class 300 and highdr classes, Class 300 and higher classes, (1) (1) “Low strength” (1)(1) Raised or flat on one or (P(1) Flat ring nonmetallic to
N steel and stainlesp steel steel and stainless steel [Notes (1), (2), and (3)] both flanges; large or ASME B16.5, para. 6.11
small male and female; and Annex C,
large or small tongue Group la material
and groove [Note (10)]
(1)(2) “Higher strength” (1)(2) Raised or flat on one or (D(2) Ring style to
[Notes (3), (4)_and (5)] both flanges; large or ASME B16.5, para. 6.11 and
small male and female; Annex C
large or small tongue [Notes (10) and (11)]
and groove
(1)(3) “Higher strength” (1) (3) Ring joint (D(3) Ring joint to
[Notes (3), (4), and (5)] ASME B16.20
0]} Class 800 cast iron Class 800 cast iron “Low strength” Raised Oy large male and Flat ring nonmetallic to
[Notes (1), (2), and (3)] female ASME B16.21, Table 4
GENERAL NOTES:
(a) Bolting (including nuts), flange facing, and gasket selection (materials, dimensions, bolt stress, gasket factor, seating stress, etc.) shall be suitable for thg flanges, service conditions, and
hydrostatic tests. There shall pe no overstressing of the gasket or flanges from the expected bolt loading or external bending loads.
(b) Unless otherwise stated, the flange facing described applies to both flanges A and B.
(c) For flanges other than to ASMHB16.1, in sizes larger than NPS 24 (DN 600) [NPS 12 (DN 300) in Class 2500], gasket dimensions should be verified against thq flanges specified (e.g., MSS SP-44
and API 605).
(d) The effective seating of a full fafe gasket shall extend to the outside edge of the flange. For flat or raised face flanges, a flat ring or ring style gasket shall be self-centering, extending to the inner
edge of the bolt holes or bolts. Where the joint contains a castiron, bronze, nonmetallic, or MSS SP-51 stainless steel flange, the effective gasket seating shall'exfend to the outside diameter of the

gasket.
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Table 1

ont’d)

GENERAL NOTES (Cont'd):

(e) Unconfined nonmetallic gaskets shallriot be used on flat or raised face flanges if the expected normal operating pressure exceeds 720 psi (4 950 kPa) or the tef]

Metal gaskets, spiral wound ga|
for the maximum fluid tempe

NOTES:
(1) “Low strength” bolting shall

A193, Grade B8A, B8CA, B8MA, or BSTA

A193, Class 1, Grade B8,

(2) Nuts for “low strength” bolt
(3) Fortemperatures below -20

Ekets of metal with nonmetallic filler, and confined nonmetallic gaskets are not limited as to pressure or temperature provide
Fatures.

conform to ASTM;}

A307, Grade B [bolting to A307, Grade B shall
not be used at temperatures greater than

BSC, BSM, or BST
£003F (200°C)]

A320, Class 1, Grade B8, B8C, B8M, or B8T

ng shall conform to the grade of ASTM A194 or A563 as required by the bolting specification.
F (-29°C), bolting conforming to the ASTM A320 classes and grades listed, respectively, in Note (4) “higher strength” and Not

For thisboltingto ASTM A32(], Grades L7, L7A, L7B, L7C, and L43, the nuts shall.conform to ASTM A194, Grade 4 or 7 with impactrequirements of A320. For b
the nuts shall conform to A320.

(4) “Higher strength” bolting sh

A193, Grade B5, B6, B6X,
A193, Class 2, Grade B8,

hll conform to ASTM:

B7, B7M, or B16
B8C, B8M, or B8T

A354, Grade BC or BD

A437, Grade B4B, B4C, or B4D

A320, Grade L7, L7A, L7B, L7C, or L43

A320, Class 2, Grade B8,

(5) Nuts for “higher strength” b

B8C, B8F, B8M, or BBT  A453, Grade 651 or 660

plting shall conform to the grade of ASTM A194, A437, A453, A563, or A564/as required by the bolting specification.

(6) Additionally, for joints contdining bronze flanges, nonferrous bolting conforming to the following may be used:

ASTM B98, UNS C65100, C

hard; to 350°F (177°C) mpaximum

ASTM B150, UNS C61400
maximum

ASTM B150, UNS C63000
(288°C) maximum

5500, and C66100; half ASTM B164, UNS N04400 and N04405; hot finish;
550°F (288°C) maximum

ASTM B164, UNS N04400, cold drawn, cold drawn and
stress relieved, or cold drawn and stress equalized;
and N04405, cold drawn, to 500°F (260°C)

maximum

to 500°F (260°C)

and C64200, to 550°F

(7) Where aflanged joint containf dissimilar materials (e.g., bronze flanges with steel bolting) and has a design temperature exceeding 3009F)(149°C), the diffe

shall be considered.
(8) For bronze flanges where “1

w strength” or nonferrous bolting is used, nonmetallic gaskets having seating stresses greater than 1,600 psi shall not

(9) Forstainlesssteel flanges to MSS SP-51 and for nonmetallic flanges, preference shall be given to gasket materials having the lower minimum design'seating st

C1, Group Ia.

(10) Where asbestos sheet, fiber,

hperature exceeds 750°F (400°C).
the gasket materials are suitable

e (1) “low strength” shall be used.
olting to the other grades of A320,

ences in coefficients of expansion

be used.
ress aslistedin ASME B16.5, Table

metallic material suitable for the

pr filler material for gaskets is specified in ASME B16.5, this limitation shall not apply to ASME B31.1 applications. Any_non

operating conditions may be used in lieu of asbestos provided the requirements of this Table are met.

(11
flange having a standard rai

sed face, the gasket material shall conform to ASME B16.5, Annex C, Group la.

Foritems (d)(2), (h)(2),and (i)(2), where two flat face flanges are used in ajointand the gasket seating width (considering both the gasket and the flanges) is greater than that of an ASME B16.5

8T10Z-T'1€d ANSV
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Table 114.2.1-1 Threaded Joints Limitations

Maximum Size

Maximum Pressure

shock are expected, the applicable conditions shall be
incorporated in the test.

115.1 Compatibility

Fittings and their joints shall be compatible with the
tubing or pipe with which they are to be used and
shall conform to the range of wall thicknesses and
method of assembly recommended by the manufacturer.

NPS DN psi MPa
3 80 400 3
2Y, 65 500 35
2 50 600 4
1Y% 40 900 6
1Y, 32 4666 7
1 25 1,200 8
<% <20 1,500 10

GENERALNPTE: For instrument, control, and sampling lines, refer to
para. 122.3J6(a)(5).

paras. 104.3.1 and 114.1. At temperatures greater than
925°F (495°C) or at pressures greater than 1,500 psi
(10 350 KPa), these threaded connections shall be seal
welded i accordance with para. 127.4.5. The design
and instajlation of insertion type instrument, control,
and sampling devices shall be adequate to withstand
the effectls of the fluid characteristics, fluid flow, and
vibration.

114.3 TI]:eaded Pipe Wall

Pipe w
weight of
regardles
tional thr

(a) steq

(b) wat
(105°Q)

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

m service over 250 psi (1 750 kPa)

er service over 100 psi (700 kPa) and 220°F

115 FLARED, FLARELESS, AND COMPRESSION

JOINTS, AND UNIONS

Flared, flareless, and compression type tubing fittings,
and cast cppper alloy fittings for flared copper tubes, may
be used for tube sizes not excéeding 2 in. (50 mm) and
unions mdy be used for pipessizes not exceeding NPS 3 (DN
80) withip the limitations-of applicable standards and
specificatjons listed in\Table 126.1-1. Pipe unions shall
comply wijith the lifnitations of para. 114.2.1.

In the apsence of standards, specifications, or allowable
stress values‘for' the material used to manufacture the
fitting, thp designer shall determine that the type and

115.2 Pressure-Temperature Ratings—

Fittings shall be used at pressure-temperature-ratings
not exceeding the recommendations of the manufadturer.
Unions shall comply with the applicable stanidards [listed
within Table 126.1-1 and shall be used within the sp¢cified
pressure-temperature ratings. Seryiceconditions, sjich as
vibration and thermal cycling, shallbe considered |n the
application.

115.3 Threads

See para. 114.1 for(requirements of threads on j
components.

iping

115.4 Fitting and Gripping

Flarelessfittings shall be of a design in which thd
ping.mémber or sleeve shall grip or bite into the
surfaee of the tube with sufficient strength to ho
thibe against pressure, but without appreciably dist:
the inside tube diameter. The gripping member sha
form a pressure seal against the fitting body.

When using bite type fittings, a spot check shall be
for adequate depth of bite and condition of tubing by
sembling and reassembling selected joints.

Grip-type fittings that are tightened in accordanc¢ with
manufacturer's instructions need not be disassembled for
checking.

grip-
outer
d the
rting
] also

made
Hisas-

116 BELL END JOINTS

116.1 Elastomeric-Gasket Joints

Elastomeric-gasket bell end joints may be usg¢d for
water and other nonflammable, nontoxic service ywhere
experience or tests have demonstrated that the jqint is
safe for the operating conditions and the fluid being frans-
ported. Provisions shall be made to prevent disengage-
d to

ment of the }'nihfc at bends and dead ends a

the material of the fitting selected is adequate and safe
for the design conditions in accordance with the following
requirements:

(a) The pressure design shall meet the requirements of
para. 104.7.

(b) A suitable quantity of the type, size, and material of
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
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supportlateral reactions produced by branch connections
or other causes.

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
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the joints at bends and dead ends, and to support lateral
reactions produced by branch connections or other
causes.

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-

PART 5
EXPANSION, FLEXIBILITY, AND PIPE-
SUPPORTING ELEMENT
119 EXPANSION AND FLEXIBILITY

119.1 General

In addition to the design requirements for pressure,
weight, and other sustained or occasional loadings (see

cient for the intended Service. Brazing ailoy snait either be
end-fed into the socket or shall be provided in the form of a
preingerted ring in a groove in the socket. The brazing
alloy shall be sufficient to fill completely the annular clear-
ance between the socket and the pipe or tube. The limita-
tions [of paras. 117.3(a) and (d) shall apply.

117.2 Soldered Joints

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

117.3 Limitations

(a)
syste
wher

(b)
syste

(c)
pipin

(@)
fillet,
matel

Brazed socket-type joints shall not be used on
s containing flammable or toxic fluids in areas
e fire hazards are involved.

Soldered socket-type joints shall be limited to
ms containing nonflammable and nontoxic fluids.
Soldered socket-type joints shall not:besused in
b subject to shock or vibration.

Brazed or soldered joints dependirig solely upon a
rather than primarily upon brazing or soldering
ial between the pipe and sockets/are not acceptable.

SLEEVE COUPLED AND-OTHER PROPRIETARY
JOINTS

ipling type, mechanical gland type, and other
ietary joint§ may be used where experience or
tests have demonstrated that the joint is safe for the oper-
ating ponditionsyand where adequate provision is made to
prevent separation of the joint.

118

Co
prop

paras. 104.1 through 104.7, 104.8.1, and |104.8.2),
power piping systems subject to thermal“ekpansion,
contraction, or other displacement stress groducing
loads shall be designed in accordande with the|flexibility
and displacement stress requirements specifigd herein.

119.2 Displacement Stress‘Range

Piping system stresses.caused by thermal
and piping displacements, referred to as displacement
stresses, when of, sufficient initial magnitule during
system startup or'extreme displacements, relax in the
maximum stress condition as the result of locgl yielding
or creep{A‘stress reduction takes place and usually
appears\as a stress of reversed sign when the piping
systém.returns to the cold condition for thermal loads
or the neutral position for extreme displacemlent loads.
This phenomenon is designated as self-springing (or
shakedown) of the piping and is similar in| effect to
cold springing. The extent of self-springing depends
upon the material, the magnitude of the displacement
stresses, the fabrication stresses, the hot servicg tempera-
ture, and the elapsed time. While the displacement
stresses in the hot or displaced condition tend tp diminish
with time and yielding, the sum of the displacement strains
for the maximum and minimum stress conditigns during
any one cycle remains substantially constant. This sum is
referred to as the strain range. However, to simplify the
evaluation process, the strain range is converted to a
stress range to permit the more usual association with
an allowable stress range. The allowable strjess range
shall be as determined in accordance wjith para.
102.3.2(b).

pXpansion

119.3 Local Overstrain

Most of the commonly used methods of piping flexibility
and cyclic stress analysis assume elastic or partly elastic
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behavior of the entire piping system. This assumption is
sufficiently accurate for systems where plastic straining
occurs at many points or over relatively wide regions, 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 in the
creep range, the strain distribution is very uneven. In
these cases, the weaker or higher stressed portions
will be subjected to strain concentrations due to elastic
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follow-up of the stiffer or lower stressed portions.
Unbalance can be produced

(a) by use of small pipe runs in series with larger or
stiffer pipe, with the small lines relatively highly 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-pertion—of-theline-abserbingmest-ofthe
expansion] strain

Conditipns of this type should preferably be avoided,
particulajly where materials of relatively low ductility
are used.

119.5 Fl

Power piping systems shall be designed to have suffi-
cient flexbility to prevent piping displacements from
causing fafilure from overstress of the piping components,
overloadipg of anchors and other supports, leakage at
joints, or detrimental distortion of connected equipment.
Flexibility|shall be provided by changes in direction in the
piping thrpugh the use of fittings, bends, loops, and offsets.
When piging bends, loops, and offsets are not able to
provide ddequate flexibility, provisions may be made
to absorb| piping displacements by utilizing expansion,
swivel, or| ball joints, or flexible metal hose assemblies.

119.5.1| Expansion, Swivel, or Ball Joints, and Flexible
Metal Hosge Assemblies. Except as stated in para. 101.7.2,
these components may be used where experience or tests
have demonstrated that they are suitable for expected

bxibility

119.6.2 Moduli of Elasticity. The cold and hot moduli
of elasticity, E. and Ej, shall be as shown in Mandatory
Appendix C, Table C-1 for ferrous materials and Table
C-2 for nonferrous materials, based on the temperatures
established in para. 119.6.1.

119.6.3 Poisson's Ratio. Poisson's ratio, when
required for flexibility calculations, shall be taken as
0.3 at all temperatures for all materials.

hall be
nent,
nsid-
stress
E, at

based on the least cross section area of the comp
using nominal dimensions at the location under c
eration. Calculation for the reference displacement
range, Sg, shall be based on the modulug of'elasticity|
room temperature, unless otherwisgeyjustified.

119.7 Flexibility Analysis

119.7.1 Method of Analysis. All piping shall me
following requirements With respect to flexibility:

(a) It shall be the designer's responsibility to pefform
an analysis unless«he System meets one of the follpwing
criteria:

(1) The piping system duplicates a successfully|
ating installation or replaces a system with a satisf3
service reeord.

(2y-The piping system can be adjudged adequ
comparison with previously analyzed systems.

(3) The pipingsystem is of uniform size, has not]
than two anchors and no intermediate restraits, is
designed for essentially noncyclic service (less|than
7,000 total cycles), and satisfies the following approxi-
mate criterion:

bt the

oper-
ctory

hte by

more

conditions of pressure, temperature, service, anid-cyclic
life. (U.S. Customary Units)

Restraints and supports shall be provided;as required, DY S
to limit movements to those directions\and magnitudes 2T <30A4
permitted for the specific joint or hose.assembly selected. (L - U)2 E,
119.6 Piping Properties (SI Units)

The coefficient of thermakexpansion and moduli of elas- <208 OOOS_A
ticity shal| be determineddrom Mandatory Appendices B (L - U)2 E
and C, which cover more.commonly used piping materials.

For materjals not included in those Appendices, reference where

shall be td autheritafive source data, such as publications D = nominal pipe size (NPS), in. (mm)

of the NationalThstitute of Standards and Technology. E. = modulus of elasticity at room temperature, psi
- — (kPa)

. 119.6.1 'EOCﬁIﬂ‘Eﬂ‘t‘Offhﬁl‘ﬂ'l‘&'l‘EX‘paﬂSqu. .1ur: coelir= L = developed length of pipe (total length of pipe
cient of thermal expansion shall be determined from taken along the piping longitudinal axes), ft (m)
values given in Mandatory Appendix B. The coefficient Sa = allowable displacement stress range determined
used shall be based on the highest average operating in accordance with para. 102.3.2(b)(1), eq. (1A),
metal temperature and the lowest ambient metal psi (kPa)
temperature, unless other temperatures are justified. U = anchor distance (length of straight line between

Mandatory Appendix B values are based on the assump-
tion that the lowest ambient metal temperature is 70°F
(20°C). If the lowest metal temperature of a thermal
range to be evaluated is not 70°F (20°C), adjustment of
the values in Mandatory Appendix B may be required.
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the anchors), ft (m)
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Y = resultantdisplacementbetween the anchors to be
absorbed by the piping system, in. (mm)

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 applicable
to systems used under severe cyclic conditions. It should be
used with caution in configurations such as unequal leg U-
bends, or near straight “saw-tooth” runs, or for large
diameter thin-wall pipe, or where extraneous displace-
ments (not in the direction connecting anchor points)
constlitute a large part of the total displacement, or
wher¢ piping operates in the creep range. There is no assur-
ance that anchor reactions will be acceptably low, even
when|a piping system meets the above requirements.

(b)| All systems not meeting the above criteria, or where
reasopable doubt exists as to adequate flexibility between
the anjchors, shall be analyzed by simplified, approximate,
or comprehensive methods of analysis that are appro-
priatg for the specific case. The results of such analysis
shall pe evaluated using para. 104.8.3, eq. (17).

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

(d)| Acceptable comprehensive methods of analysis
includle: analytical, model tests, and chart methods that
provifle an evaluation of the forces, moments, and stresses
causdd by bending and torsion from the simultaneous
consideration of terminal and intermediate restraints
to th¢rmal expansion of the entire piping system under
consideration, and including all external movements
transmitted to the piping by its terminal and interimediate
attachments. Correction factors shall be applied for the
stresg intensification of curved pipe and branch connec-
tions,[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 stresses of a
pipinlg system between“anchor points, the system
betwgen anchor poifits-shall be treated as a whole. The
signifficance of all\parts of the line and of all restraints,
such [as supports or guides, including intermediate
restraints introduced for reducing moments and forces
on equipment or small branch lines, shall be considered.

Flekibility calculations shall take into account stress-

able data, the flexibility factors and stress-intensification
factors shown in Mandatory Appendix D may be used.*
Alternatively, ASME B31] may be used to determine
stress-intensification factors.

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

The total reference displacement range resulting from
using the coefficient of thermal expansion determined in
accordance with para. 119.6.1 shall be used, whether or
ipingt - sion of the
line itself, but also linear and angular moveémgnts of the
equipment to which it is attached, shallcbe copsidered.

Where simplifying assumptions are used in cdlculations
or model tests, the likelihood of attendant undefestimates
of forces, moments, and stresses;.including thq effects of
stress intensification, shall bé.eyaluated.

119.8 Movements

Movements caused’by thermal expansion anfl loadings
shall be determined.for consideration of obstruftions and
design of proper Supports.

119.9 Cold Spring

The.beneficial effect of judicious cold springing in
assisting a system to attain its most favorablg position
seoner is recognized. Inasmuch as the life off a system
under cyclic conditions depends on the stress range
rather than the stress level at any one time,|no credit
for cold spring is allowed with regard to stressef. In calcu-
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 a¢cordingly
allowed in the calculation of thrusts and moments,
provided an effective method of obtaining thd designed
cold spring is specified and used.

119.10 Reactions

119.10.1 Computing Hot and Cold Reactjons. In a
piping system with no cold spring or an equal gercentage
of cold springing in all directions, the reactions (forces and
moments) of R, and R, in the hot and cold cpnditions,
respectively, shall be obtained from the repction, R,
derived from the flexibility calculations baspd on the
modulus of elasticity at room temperature,| E,, using
eqgs. (18) and (19).

intensifying conditions found in components and joints.
Credit may be taken when extra flexibility exists in
such components. In the absence of more directly applic-

* The stress-intensification factors in Mandatory Appendix D have been
developed from fatigue tests of representative commercially available,
matching product forms and assemblies manufactured from ductile
ferrous materials. The allowable stress range is based on tests of
carbon and stainless steels. Caution should be exercised when applying
egs. (1) 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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the supporting members being mainly in tension.
Likewise, it includes “supports” that on occasion are deli-
neated as those that carry the weight from below, with the
supporting members being mainly in compression. In
many cases a supporting element may be a combination
of both of these.

(b) In addition to the weight effects of piping compo-
nents, consideration shall be given in the design of pipe
supports to other load effects introduced by service pres-

2 E
Rj, = (1 - —c) Zhy (18)
3 /| E
R, = —CR, or
Sy) E (19)
= — [1 — Q_C]R
(Sg) Ep
whichever is greater, and with the further condition that
Sp—*c
(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 condition, psi

(MPa)

E, £ 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)

R., R, ¥ maximum reactions estimated to occur in the

cold and hot conditions, respectively, Ib and

in.-Ib (N and mm-N)

Sg £ computed thermal expansion stress range, psi

(MPa)

S, F basic material allowable stress at maximund

(hot) temperature, without the 20 ksi limita-

tion as noted in para. 102.3.2(b)

Ifapipipg systemis designed with different percentages
of cold spring in various directions, eqgs. (48)'and (19) are
not appli¢able. In this case, the piping 'system shall be
analyzed |by a comprehensive method. The calculated
hot reactipns shall be based onstheoretical cold springs
in all dirgctions not greater, than two-thirds of the cold
springs ag specified or measured.

119.10.2 Reaction Limits. The reactions computed
shall not|exceed limits that the attached equipment
can sustain. Equipment allowable reaction limits
(forces and mpments) on piping connections are normally
establishgd tby-the equipment manufacturer.

sure—wind—earthauake—ete—as—defined—inparay 101.
Hangers and supporting elements shall be fabricated
and assembled to permit the free movement, of piping
caused by thermal expansion and contraction, The
design of elements for supporting or restraining piping
systems, or components thereof, shall*be based pn all
the concurrently acting loads €ransmitted intp the
supporting elements.

(c) Where the resonance with imposed vibrationj and/
or shock occurs during eperation, suitable dampg¢ners,
restraints, anchors, etc., shall be added to remove
these effects.

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 qr the
fluid used for testing, whichever is heavier. The allowable
stress in supporting equipment shall be as specifled in
para. 121.2.

(b) Exceptions may be made in the case of supp¢rting
elements for large size gas or air piping, exhaust steam,
relief or safety valve relief piping, but only undeér the
conditions where the possibility of the line becqming
full of water or other liquid is very remote.

120.2.2 Variable and Constant Supports. Load talcu-
lations for variable and constant supports, such as springs
or counterweights, such as based on the design operating
conditions of the piping. They shall not include the weight
of the hydrostatic test fluid. However, the support shall be
capable of carrying the total load under test conditions,
unless additional support is provided during thg test
period.

120.2.3 Anchors or Guides. Where anchors or guides

120 LOADS ON PIPE-SUPPORTING ELEMENTS
120.1 General

(a) The broad terms “supporting elements” or
“supports” as used herein shall encompass the entire
range of the various methods of carrying the weight of
pipelines, insulation, and the fluid carried. It, therefore,
includes “hangers” that are generally considered as
those elements that carry the weight from above, with

are provided-to Testrain, direct, orabsorb-piping ove-
ments, their design shall take into account the forces and
moments at these elements caused by internal pressure
and thermal expansion.

120.2.4 Supplementary Steel. Where it is necessary to
frame structural members between existing steel
members, such supplementary steel shall be designed
in accordance with American Institute of Steel
Construction specifications, or similar recognized struc-
tural design standards. Increases of allowable stress


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

values shall be in accordance with the structural design
standard being used. Additional increases of allowable
stress values, such as allowed in para. 121.2(j), are not
permitted.

121 DESIGN OF PIPE-SUPPORTING ELEMENTS
121.1 General

Design of standard pipe-supporting elements shall be in

(e) The allowable compressive stress shall not exceed
the value as determined in accordance with the rules of (a),
(b), or (c). In addition, consideration shall be given to
structural stability.

(f) The allowable bearing stress shall not exceed 160%
of the value as determined in accordance with the rules of
(a), (b), or (c).

(g) The allowable stress in tension determined from
(a), (b), or (c) shall be reduced 25% for threaded

accorfiance with the ruies of MSS SP-58- Alfowable Stress
valuef and other design criteria shall be in accordance
with |this paragraph. Supporting elements shall be
capable of carrying the sum of all concurrently acting
loads| as listed in para. 120. They shall be designed to
provifle the required supporting effort and allow 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-
lignmlent. All parts of the supporting equipment shall be
fabridated and assembled so that they will not be disen-
gaged by movement of the supported piping. The
maxinum safe loads for bolts, threaded hanger rods,
and Jll other threaded members shall be based on the
root prea of the threads. MSS SP-58 may be used for
guidgqnce 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 or'ih
Mandatory Appendix A of this Code Section may beé.used
for the base materials of all parts of pipe-supporting
elemgnts.

(b)| Where allowable stress values for a material spec-
ificatjon listed in Table 126.1-1 are_hot tabulated in
Mandatory Appendix A or in M§S)SP-58, allowable
stresls values from ASME BPV.C, Section II, Part D,
Tables 1A and 1B may be used,provided the requirements
of pafa. 102.3.1(b) are met. Where there are no stress
valuefs given in ASME BRVC, Section II, Part D, Tables
1A and 1B, an allowable stress value of 25% of the
minirhum tensile strength given in the material specifica-
tion rhay be used,for temperatures not exceeding 650°F

hangar radc
hangerreds:

(h) The allowable stress in partial penetratipn or fillet
welds in support assemblies shall be reduced 5% from
those determined in accordance with (a),/(b), (c], or (d) for
the weaker of the two metals joined.

(i) If materials for attachments have differ
able stress values than the{pipe, then the
stress for the weld shall betbased on the lower
stress of the materials being joined.

(j) Increases in the~allowable stress values shall be
permitted as follows!

(1) an ingrease of 20% for short time oy
during operation.

(2) dn 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).

bnt allow-
hllowable
allowable

erloading

121.3 Temperature Limitations

Parts of supporting elements that are subjected princi-
pally to bending or tension loads and that are sybjected to
working temperatures for which carbon steel |s not rec-
ommended shall be made of suitable alloy steel, pr shall be
protected so that the temperature of the sfipporting
member will be maintained within the appropriate
temperature limits of the material.

121.4 Hanger Adjustments

Hangers used for the support of piping, NPS 21/ (DN 65)
and larger, shall be designed to permit adjustient after

erection while supporting the load. Screwed adjustments
(34590). shall have threaded parts to conform to ASME B1.1.

(c)| Forasteel material of unknown specification, or of a Class 2 fit turnbuckles and adjusting nuts shall have the
specification not listed in Table 126.1-1 or MSS SP-58, an full length of thread in engagement. Meang$ shall be
allO“‘ L1l s ] £200 £ 1ol d ot £l 0 D0 1.1 c 1. S pleot £ 11 o1 11 0 3

wapre—StresSsS—vartt—or—ou 7o Oyt StreRgt (o= /0 provITOCT TOT aCCCT NG tIat turr careaa e lgth 1S 1In

offset) at room temperature may be used at temperatures
not exceeding 650°F (345°C). The yield strength shall be
determined through a tensile test of a specimen of the
material and shall be the value corresponding to 0.2%
permanent strain (offset) of the specimen. The allowable
stress values for such materials shall not exceed 9,500 psi
(65.5 MPa).

(d) The allowable shear stress shall not exceed 80% of
the values determined in accordance with the rules of (a),
(b), and (c).

49

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
prevent excessive sag, bending, and shear stresses in
the piping, with special consideration given where compo-
nents, such as flanges and valves, impose concentrated
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Table 121.5-1 Suggested Steel Pipe Support Spacing

Suggested Maximum Span

be suitable for the metal temperature at the point of
sliding contact.

(c) Where corrugated or slip-type expansion joints, or
flexible metal hose assemblies are used, anchors and
guides shall be provided where necessary to direct the
expansion into the joint or hose assembly. Such
anchors shall be designed to withstand the force specified
by the manufacturer for the design conditions at which the
joint or hose assembly is to be used. If this force is other-

Nominal Diameter Water Steam, Gas,

Pipe Size, Nominal, Service or Air Service
NPS DN ft m ft m

1 25 7 2.1 9 2.7

2 50 10 3.0 13 4.0

3 80 12 3.7 15 4.6

4 100 14 43 17 52

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 39 119

24 600 32 9.8 42 12.8

GENERAL NOTES:

(a) Suggesfed maximum spacing between pipe supports for hori-
zontal [straight runs of standard and heavier steel pipe at
maximym operating temperature of 750°F (400°C).

(b) Does ndt apply where span calculations are made or where there
are confentrated loads between supports, such as flanges, valves,
and spdcialties.

(c) The spgcing is based on a fixed beam support with a bending
stress pot exceeding 2,300 psi (15.86 MPa) and insulated
pipe filled with water or the equivalent weight of steel pipe
for stegm, gas, or air service, and the pitch of the line is such
that a gag of 0.1 in. (2.5 mm) between supports is permissible.

loads. Where calculations are not made, suggested
maximum spacing of supports for standard_and
heavier steel pipe are given in Table 121.5-1. Vertical
supports|shall be spaced to prevent the pipe from
being ovefrstressed from the combination of-all loading
effects.

121.6 Springs

The springs used in variable or-Constant effort type
supports ghall be designed afidymanufactured in accor-
dance with MSS SP-58.
121.7 Fixtures

121.7.1|Anchorscand Guides

(a) Anc¢hofs;guides, pivots, and restraints shall be
designed to s€cure the desired points of piping in relative-

wise-trlarewn-tshal-be-takenas-thesum-oftheproduct
of the maximum internal area times the design pregssure
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 Jongi-
tudinal and transverse movements, both'movements shall
be considered in the design and application of the jdint or
hose assembly.

Flexible metal hose asseniblies, applied in accorflance
with para. 106.4, shall be supported in such amannef as to
be free from any effectsdue to torsion and undue strpin as
recommended by the\manufacturer.

121.7.2 Other Rigid Types

(a) Hanger Rods. Safe loads for threaded hanger rods
shall be based on the root area of the threads and 7p% of
the allowable stress of the material as provided in|para.
121.2(g). In no case shall hanger rods less than % in. (9.5
mm) diameter be used for support of pipe NPS 2 (DN 50)
and smaller, or less than % in. (12.5 mm) diameter rpd 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 arealequal
to the equivalent hanger rod may be used instdad of
hanger rods.

Hanger rods, straps, etc., shall be designed to perngit the
free movement of piping caused by thermal expansign and
contraction.

(b) Welded link chain of %4 in. (5.0 mm) or larger
diameter stock, or equivalent area, may be usqgd for
pipe hangers with a design stress of 9,000 pgi (62
MPa) maximum.

(c) Castironinaccordance with ASTM A48 may b¢ used
for bases, rollers, anchors, and parts of supports whefre the
loading will be mainly compression. Cast iron partg shall
not be used in tension.

(d) Malleable iron castings in accordance with ASTM

ly fixed positions. They shall permit the piping to expand
and contract freely in directions away from the anchored
or guided point and shall be structurally suitable 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
include the imposed load and frictional resistance of
these types of supports, and dimensions shall provide
for the expected movement of the supported piping.
Materials and lubricants used in sliding supports shall

A47 may be used for pipe clamps, beam clamps,
hanger flanges, clips, bases, swivel rings, and parts of
pipe supports, but their use shall be limited to tempera-
tures not in excess of 450°F (230°C). This material is not
recommended for services where impact loads are
anticipated.

(e) Brackets shall be designed to withstand forces and
moments induced by sliding friction in addition to other
loads.
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Table 121.7.2-1 Carrying Capacity of Threaded ASTM
A36, A575, and A576 Hot-Rolled Carbon Steel

Max. Safe Load at Rod

121.7.3 Variable Supports

(a) Variable spring supports shall be designed to exert
a supporting force equal to the load, as determined by
weight balance calculations, plus the weight of all
hanger parts (such as clamp and rod) that will be
supported by the spring at the point of attachment to
the pipe.

(b) Variable spring supports shall be provided with
means to limit misalignment, buckling, eccentric

Nominal
Rod Root Area of Temp. of 650°F (343°C)
Diameter, in. Thread, in.2 1b KN
% 0.0678 730 3.23
P 0.126 1,350 5.98
A 0.202 2,160 9.61
A 0.302 3,230 14.4
A 0.419 4,480 19.9
1 0.551 5,900 26.2
1% 0.890 9,500 42.4
1% 1.29 13,800 61.6
1% 1.74 18,600 82.8
2 2.30 24,600 109
2Y, 3.02 32,300 144
2Y, 3.72 39,800 177
2%, 4.62 49,400 220
3 5.62 60,100 267
3Y, 6.72 71,900 320
3% 7.92 84,700 377
3% 9.21 98,500 438
4 10.6 114,000 505
4Y, 12.1 129,000 576
4%, 13.7 146,000 652
4, 15.4 165,000 733
5 17.2 184,000 819

GENERAL NOTES:

(a) T4bulated loads are based on a minimymytensile stress of 50 ksi
(35 MPa) divided by a safety factor,of 3.5, reduced by 25%,
repulting in an allowable stress-of 10.7 ksi.

(b) Rqot areas of thread are basedupen the following thread series:
dipmeters 4 in. and below™=>coarse thread (UNC); diameters
above 4 in. — 4 thread (4-UN).

(c) THe corresponding table.for metric size rods is available in MSS
SH-58.

loading, or to prevent overstressing of the spfing.

(c) It 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 syst¢m, except
where they are used either toycushion agains{ shock or
where the operating temperature of the piping system
does not exceed 250°F (120°C).

(d) Itisrecommended that the support be designed for
a maximum variation’in supporting effort of 23% for the
total travel resulting from thermal movement

121.7.4 Constant Supports. On high tempeyature and
critical sefyice piping at locations subject to appreciable
movement with thermal changes, the use of constant
support hangers, designed to provide a substantially
uniform supporting force throughout the|range of
travel, is recommended.

(a) Constant support hangers shall have A support
variation of no more than 6% throughout|the total
travel range.

(b) Counterweight type supports shall be[provided
with stops, and the weights shall be positively secured.
Chains, cables, hanger and rocker arm detailg, or other
devices used to attach the counterweight Idad to the
piping, shall be subject to requirements of parp. 121.7.2.

(c) Hydraulic type supports utilizing a hydraulic head
may be installed to give a constant supporting effort.
Safety devices and stops shall be provided tp support
the load in case of hydraulic failure.

(d) Boosters may be used to supplement theoperation
of constant support hangers.

121.7.5 Sway Braces. Sway braces or vibratjon damp-
eners shall be used to control the movement of piping due
to vibration.

121.7.6 Shock Suppressors. For the contro] of piping
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due to dynamic loads, hydraulic or mechanical types of
shock suppressors are permitted. These devices do not
support pipe weight.
121.8 Structural Attachments

121.8.1 Nonintegral Type

(a) Nonintegral attachments include clamps, slings,
cradles, saddles, straps, and clevises.
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(b) When clamps are used to support vertical lines, it is
recommended that shear lugs be welded to the pipe to
prevent slippage. The provisions of para. 121.8.2(b)
shall apply.

(c) Inaddition to the provision of (b), clamps to support
vertical lines should be designed to support the total load
on either arm in the event the load shifts due to pipe and/
or hanger movement.

121.8.2 Integral Type

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
design for steam, feedwater, blowoff, and drain piping
from the boiler to the valve or valves required by
para. 122.1 shall be as specified in the following para-
graphs. Design requirements for desuperheater spray

(a) Intggral attachments include ears, shoes, lugs, cy-
lindrical atachments, 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 festraints or braces where multiaxial restraint in
a single member is to be maintained. Consideration shall
be given tp the localized stresses induced into the piping
componentby the integral attachments. Where applicable,
the conditions of para. 121.8.1(c) are to apply.

(b) Intggral lugs, plates, angle clips, etc., used as part of
an assembly for the support or guiding of pipe may be
welded djrectly to the pipe provided the materials are
compatible for welding and the design is adequate for
the temperature and load. The design of hanger lugs
for attachment to piping for high temperature service
shall be quch as to provide for differential expansion
between the pipe and the attached lug.

121.9 Loads and Supporting Structures

Consideg
pacity of
may nece
with extrd

rations shall be given to the load carrying ca:
bquipment and the supporting structure,-This
ssitate closer spacing of hangers eniines
mely high loads.

121.10 Requirements for Fabricating, Pipe
Supports

Pipe supports shall be fabricated in‘accordance with the
requireménts of para. 130.

PART 6
SYSTEMS

122 DES|GN_REQUIREMENTS PERTAINING TO
SPECIFIC PIPING SYSTEMS

piping connected to desuperheaters located-ih the
boiler proper and in main steam piping are proyided
in para. 122.4.

(a) ltisintended thatthe design pressure and tenipera-
ture be selected sufficiently in excess\of any explected
operating conditions, not necesSarily continuotis, to
permit satisfactory operation #vithout operation ¢f the
overpressure protection deviges. Also, since the operating
temperatures of fired equiptent can vary, the exgected
temperature at the connection to the fired equipment shall
include the manufaCturer's maximum temperpture
tolerance.

(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 temperfature
to be used for the external piping, valves, and fiftings
shall be not less than that required for the expected
maximum sustained operating pressure and temperature
to which the abutted pressure part is subjected gxcept
when one or more of the overpressure protelction
devices covered by ASME BPVC, Section I, PG-67.4 is in
operation. The steam piping shall comply with the require-
ments for the maximum sustained operating conditipns as
used in (a), or for the design throttle pressure plus 5%,
whichever is greater.

(c) Provision shall be made for the expansio
contraction of piping connected to boilers to|limit
forces and moments transmitted to the boildr, by
providing substantial anchorage at suitable poinits, so
that there shall be no undue strain transmitted fo the
boiler. Steam reservoirs shall be used on steam mains
when heavy pulsations of the steam currents fause
vibration.

h and

Except as specifically stated otherwise in this Part 6, all
provisions of the Code apply fully to the piping systems
described herein.
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{d—Pipimgcommectedtothe outlet of aboiter for any

purpose shall be attached by

(1) welding to a nozzle or socket welding fitting

(2) threading into a tapped opening with a threaded
fitting or valve at the other end

(3) screwing each end into tapered flanges, fittings,
or valves with or without rolling or peening

(4) bolted joints including those of the Van Stone

type
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(5) blowoff piping of firetube boilers shall be
attached in accordance with (2) if exposed to products
of combustion or in accordance with (2), (3), or (4) if
not so exposed

(e) Nonferrous pipe or tubes shall not exceed NPS 3
(DN 80) in diameter.

(f) American National Standard slip-on flanges shall
not exceed NPS 4 (DN 100). Attachment of slip-on
flanges shall be by double fillet welds. The throats of
the fi

lat yvaalde chall mar bha lace than 07 tivanc tha thicly
e WeraS-Shar et Be1eSStha-v——tHResSthetriex

whichever is greater, and the S value for the material
used shall not exceed that permitted for the expected
steam temperature at the superheater outlet. For
forced-flow steam generators with no fixed steam and
waterline, the design pressure shall also be no less
than the expected maximum sustained operating
pressure.

(5) The design pressure shall not be taken at less
than 100 psig [700 kPa (gage)] for any condition of

caruica o yaatapeial
SeFHee-oFaterHar:

ness

(9)
matel

(h)| American National Standard socket welded flanges
may be used in piping or boiler nozzles provided the
dimenpsions do not exceed NPS 3 (DN 80) for Class 600
and lpwer, and NPS 2% (DN 65) in Class 1500.

(i) [The use of expansion joints of all types, swivel and
balljdints, and flexible metal hose assemblies as described
in para. 101.7.2 is prohibited.

bf the part to which the flange is attached.
Hub-type flanges shall not be cut from plate
ial.

122

(a)
shall

.1.2 Steam Piping

The value of Pto be used in the formulas in para. 104
be as follows:

7) For steam piping connected to the steam drum or
to thesuperheater inlet header up to the first stop valve in
each fonnection, the value of P shall be not less than the
lowedt 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.

?) For steam piping connected to the superhéater
header up to the first stop valve in each.connection,
the design pressure, except as otherwise proyided in (4)
shall pe not less than the lowest 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| safety valve is set to blew, whichever is greater,
and the S value for the material used shall not exceed
that germitted for the expected steam temperature.

3) For steam piping between the first stop valve and
the s¢cond valve, whenrone is required by para. 122.1.7,
the dpsign pressure/shall be not less than the expected
maximum sustained operating pressure or 85% of the
lowegt pressure at which any drum safety valve is set
to blow, whichever is greater, and the S value for the mate-
rial uged'shall not exceed that permitted for the expected

outlef

122.1.3 Feedwater Piping

(a) Thevalue of Ptobe used inthe formulas iy
shall be as follows:

(1) For piping from the bgiler to and including the
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’(1 550 kPa), whicheyer is the
lesser. For an installation with an integral eqonomizer
without valves between the boiler and ecqnomizer,
this paragraph*shall apply only to the piping from the
economizer inlet header to and including thq required
stop valve and the check valve.

{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 bdiler.

(3) The value of P in the formula shall not e taken at
less than 100 psig [700 kPa (gage)] for any cdndition of
service or material, and shall never be less than the pres-
sure required to feed the boiler.

(4) In a forced flow steam generator with no fixed
steam and waterline, the value of P for fpedwater
piping from the boiler to and including the| required
stop valve may be in accordance with the reqpirements
of para. 122.1.1(b).

(b) The Svalue used, exceptas permitted in (3)(4), shall
not exceed that permitted for the temperatuie of satu-
rated steam at the maximum allowable working pressure
of the boiler.

(c) The size of the feed piping between the poiler and
the first required valve [para. 122.1.7(b)] or the branch
feed connection [para. 122.1.7(b)(4)] shall, as a minimum,
be the same as the boiler connection.

para.104

steam temperature.

(4) For boilers installed on the unit system (i.e., one
boiler and one turbine or other prime mover) and
provided with automatic combustion control equipment
responsive to steam header pressure, the design pressure
for the steam piping shall be not less than the design pres-
sure at the throttle inlet plus 5%, or not less than 85% of
the lowest pressure at which any drum safety valve is set
to blow, or not less than the expected maximum sustained
operating pressure at any point in the piping system,

53

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 through
which the water in the boiler may be blown out under
pressure. This definition is not intended to apply to (i)
drain piping, and (ii) piping such as used on water
columns, gage glasses, or feedwater regulators, etc., for
the purpose of determining the operating condition of
the equipment. Requirements for (i) and (ii) are described
in paras. 122.1.5 and 122.1.6, respectively. Blowoff
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systems are operated intermittently to remove accumu-
lated sediment from equipment and/or piping, or to lower
boiler water level in a rapid manner. Blowdown systems
are primarily operated continuously to control the
concentrations of dissolved solids in the boiler water.
(a) Blowoff piping systems from water spaces of a
boiler, up to and including the blowoff valves, shall be
designed in accordance with (1) to (4). Two shutoff
valves are required in the blowoff system; specific

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.

When the value of P exceeds 100 psig [690 kPa
(gage)], the fittings shall be steel and the thickness of
pipe and fittings shall not be less than that of Schedule
80 pipe.

valve requirements—and-exceptions—aregiven—inpara
122.1.7(c).

(1) The value of P to be used in the formulas in para.
104 shall [exceed the maximum allowable working pres-
sure of thie boiler by either 25% or 225 psi (1 550 kPa)
whichevefr 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 |,
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 hot 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 below.
Galvanizefd steel pipe and fittings shall not be used for
blowoff giping. 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, ductfle iron, or steel.

CAUTION:[Nonferrous alloys and austenitic stainless steels
may be sqnsitive to stress corrosion cracking in certain
aqueous environments.

When the value of P exceeds 100 psig [690 kPa
(gage)], the fittings shall be steel, and thetthickness of
pipe and fittings shall not be less thanthat of Schedule
80 pipe.

(4) The size of blowoff pipingshall be not less than
the size of the connection on thie boiler, and shall be in
accordanfe with the rules.éontained in ASME BPVC,
Section |, [PG-59.3, PMB-12-and PEB-12.

(b) The¢ blowdown piping system from the boiler, to
and including the shuteffvalve, shall be designed in accor-
dance with (1) through (4). Only one shutoff valve is
required In thesblowdown system.

(1) Thewvalue of P to be used in the formulas in para.
104 shall he'not less than the lowest set pressure of any

(4) The size of blowdown piping shall be ndt less
than the size of the connection on the boiler;and| shall
be in accordance with the rules contained)in ASME
BPVC, Section I, PG-59.3, PMB-12, and BEB-12.

(c) The blowoff and blowdown piping beyonid the
required valves described in (a) and (b) are classified
as nonboiler external piping, The requirements are
given in para. 122.2.

122.1.5 Boiler Drains

(a) Complete drainage of the boiler and attached piping
shall be provided.tethe extent necessary to ensure proper
operation of the'steam supply system. The pipe, fiftings,
and valves of any drain line shall not be smaller thgn the
drain connection. Double valving shall be requir¢d for
each beiler drain connection except as permitted [in (c)
ands{d).

{b) If the drain lines are intended to be used bgth 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
the rules contained in ASME BPVC, Section I,
PMB and PEB may use a single valve where drain
are intended to be used for both blowoffand periodid
matic or manual flushing prior to startup. The single
shall be designed for blowoff service but need not
locking capability.

(d) When a drain is intended for use only whegn the
boiler is not under pressure (pressurizing the boiler
for rapid drainage is an exception), a single shutoff
valve is acceptable under the following conditions:
either the valve shall be a type that can be locKed in
the closed position, or a suitable flanged and Hholted
connection that accepts a blank insert shall be lIdcated
on the downstream side of the valve. When a gingle

with
Parts
lines
auto-
valve
have

safety valve on the boiler drum.

(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.

(3) All pipe shall be steel except as permitted below.
Galvanized steel pipe and fittings shall not be used for
blowdown piping. When the value of P does not
exceed 100 psig [690 kPa (gage)], nonferrous pipe
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vatve—is—tsed it neednot-be—designedforbtowoff
service. Single valves on miniature boilers constructed
in accordance with the rules contained in ASME BPVC,
Section I, Parts PMB and PEB do not require locking
capability.

(e) Drain piping from the drain connection, including
the required valve(s) or the blanked flange connection,
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. Static head and possible choked flow conditions


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

shall be considered. In no case shall the design pressure
and temperature be less than 100 psig [690 kPa (gage)]
and 220°F (105°C), respectively.

122.1.6 Boiler External Piping — Miscellaneous
Systems

(a) Materials, design, fabrication, examination, and
erection of piping for miscellaneous accessories, such
as water level indicators, water columns, gage cocks,

[ESSUTe gages, snall be iImaccorda W applic-
gections of this Code.

(b)] The value of P to be used in the formulas in para.
bhall be not less than the maximum allowable
working pressure of the boiler except as provided by
.[122.1.1(b).

(c)| Valve requirements for water level indicators or
waterf columns, special gage glass and gage cock require-
ment$, minimum line sizes, and special piping configura-
tions| required specifically for cleaning, access, or
reliability shall be in accordance with ASME BPVC,
Sectign 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
shall pe equal to the pressure and temperature specified
for the connected piping on the side that has the higher
presspre, except that in no case shall the pressure be less
than [L00 psig [690 kPa (gage)], and for pressures not
excedding 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 or safety relief yalve connections,
or reheater inlet and outlet connections, shall be fitted
with p stop valve located at an ‘accessible point in the
steanp-delivery line and as néap to the boiler nozzle as
is conpvenient and practicable.

7) Boiler stop valves shall provide bidirectional
shutdff at design conditions. The valve or valves shall
meet [the requirements of para. 107. Valves with resilient
(nonmetallic) seats shall not be used where the boiler
maxijmum alléwable working pressure exceeds 150
psig (L 035 kPa) or where the system design temperature
exceeds366°F (186°C). Valves of the outside screw and

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 boiler and prime mover
installation, the stop valve required herein may be
omitted provided the prime mover throttle valve is
equipped with an indicator to show whether it is
opened or closed, and it is designed to withstand the

(3) When two or more boilers are conngcted to a
common header, or when a single boiler is ¢onnected
to a header having another steam source; the donnection
from each boiler having a manhole opening sha]l be fitted
with two stop valves having amample free-blow drain
between them. The preferred/afrangement consists of
one stop-check valve (located closest to the bpiler) and
one valve of the styletand design described in (1).
Alternatively, both.Valves may be of the ptyle and
design described in (1).

When a second stop valve is required, it shall have a
pressure rating at least equal to that requir¢d for the

expectedSteam pressure and temperature at
or a pressure rating at least equal to 85
lowest-set pressure of any safety valve on

dram at the expected temperature of the ste
valve, whichever is greater.

(4) All valves and fittings on steam lines s}
pressure rating of at least 100 psig [690 kPa
accordance with the applicable ASME standar

(b) Feedwater Valves

(1) The feedwater piping for all boilers,
high temperature water boilers complying w
quirements of (8), and for forced flow steam g
with no fixed steam and waterline complying w
quirements of (9), shall be provided with a check
a stop valve or cock between the check valv
boiler. The stop valve or cock shall comply w
quirements of (c)(5).

(2) The relative locations of the check an
cock) valves, as required in (1), may be reve
single boiler-turbine unit installation.

(3) If a boiler is equipped with a dupl
arrangement, each such arrangement shall be
as required by these rules.

(4) When the supply line to a boiler is di

the valve,
% of the
he boiler
am at the

nall have a

(gage)] in
.

bxcept for
th the re-
enerators
ith the re-
valve and
e and the
th the re-

d stop (or
rsed on a

cate feed
equipped

vided into

yoke, risinmg-stem at_ylc arepr eferred—Vatvesotherthan
those of the outside screw and yoke, rising stem style
shall meet the following additional requirements:

(-a) Each valve shall be equipped with a position
indicator to visually indicate from a distance whether the
valve is open or closed.

(-b) Quarter turn valves shall be equipped with a
slow operating mechanism to minimize dynamic loadings
on the boiler and attached piping. Either a quick-opening
manual quarter-turn valve or an automatic solenoid valve
may be used on miniature boilers constructed in accor-

branch Teed connections and all such connections 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 common
source, there shall also be a globe or regulating valve in the
branch to each boiler located between the check valve and
the source of supply. A typical arrangement is shown in
Figure 100.1.2-3.
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Figure 122.1.7-1 Typical Globe Valves

¢ )

(6) A combination stop and check valve in which
there is dnly one seat and disk, and in which a valve
stem is provided to close the valve, shall be considered
only as a ptop valve, and a check valve shall be installed
as otherwfise provided.

(7) Where an economizer or other feedwater heating
device is fonnected directly to the boiler without inter-
vening valves, the feed valves and check valves required
shall be placed on the inlet of the economizer or feedwater
heating device.

(8) The recirculating return line for a high tempera-
ture watefr boiler shall be provided with the same stop
valve, or palves, required by (1) and (3)..The use of a
check valye in the recirculating return line is optional.
A check vplve shall not be a substitute ‘for a stop valve.

(9) The feedwater boiler external'piping for a forced
flow steamn generator with no fixed-steam and waterline
may termjnate up to and including the stop valve(s) and
omitting the check valve(s).provided that a check valve
having a pressure ratingno less than the boiler inlet
design piessure is installed at the discharge of each
boiler feel pump or elsewhere in the feedline between
the feed gump and‘the stop valve(s).

(10) |Wherever globe valves are used within BEP
feedwater piping for either isolation or regulation, the

_di _1/4d,' min.

7
=

- [

(b)

lowest edge of the‘opening through the seat is aff least
25% of the insidé diameter below the centerline pf the
valve.

(3) The blowoff valve or valves, the pipe befween
them,.anid the boiler connection shall be of the|same
size except that a larger pipe for the return of condgnsate
may be used.

(4) For all boilers [except electric steam bpilers
having a normal water content not exceeding 100 gal
(380 L), traction-purpose, and portable steam baqilers;
see (11) and (12)] with allowable working pressiyire in
excess of 100 psig [690 kPa (gage)], each bqttom
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).

(5) When the value of P required by para. 122.1.4
(2)(1) does not exceed 250 psig [1725 kPa (gage)],
the valves or cocks shall be bronze, 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 re-
quirements of the applicable ASME standard for|Class
250, as given in Table 126.1-1, and if of bronze,|steel,
or ductile iron construction, shall meet the require-
ments of the applicable standards as given in

inlet shall be under the disk of the valve.
(c) Blowoff Valves

(1) Ordinary globe valves as shown in Figure
122.1.7-1, illustration (a), and other types of valves
that have dams or pockets where sediment can collect,
shall not be used on blowoff connections.

(2) Y-type globe valves as shown in Figure 122.1.7-
1, illustration (b) or angle valves may be used in vertical
pipes, or they may be used in horizontal runs of piping
provided they are so constructed or installed that the

Table 126.1-1 or para. 124.6.

(6) When the value of P required by para. 122.1.4
(2)(1) is higher than 250 psig [1725 kPa (gage)], the
valves or cocks shall be of steel construction equal at
least to the requirements of Class 300 of the applic-
able 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).
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(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 deg turns of the operating mechanism to
change from fully closed to fully opened.

(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 indi-
viduatbleweffisrequiredtnsuchaease eitherthemaste
valvelor the individual valves or cocks shall be of the slow-
opening type.

70) Two independent slow-opening valves, or a
slow-opening valve and a quick-opening valve or cock,
may e combined in one body and may be used provided
the cqmbined fitting is the equivalent of two independent
slow-ppening valves, or a slow-opening valve and a quick-
opening valve or cock, and provided further that the
failurg of one to operate cannot affect the operation of
the other.
71) Only one blowoff valve, which shall be either a
slow-ppening or quick-opening blowoff valve or a cock, is
requifed on traction and/or portable boilers.
72) Only one blowoffvalve, which shall be of a slow-
opening type, is required for the blowoff piping for forced
circulation and electric steam boilers having a normal
waterl content not exceeding 100 gal (380 L). Electric
boilefs not exceeding a normal water content of 100
gal (380 L) and a maximum MAWP of 100 psig [690
kPa (gage)] may use a quick-opening manual or slow-
opening automatic quarter-turn valve up to NPS 1~(DN
25). Electric boilers not exceeding a nornial water
contgnt of 100 gal (380 L) but with a MAWP greater
than [100 psig [690 kPa (gage)] shall only use either a
slow-ppening type manual or automatic\valve, regardless
of sizp.
(d)| Pressure-Relieving Valves
7) Safety, safety-reliefrand power-actuated pres-
sure-felieving valves shall~cenform to the requirements
of ASME BPVC, Section\},"PG-67, PG-68, PG-69, PG-70,
PG-71, PG-72, and PG73.

122.2 Blowoff:and Blowdown Piping in Nonboiler
External Piping

—

Blowoffaand blowdown piping systems shall be, where
possi hle Qp]f—drnining and withount pnr‘kr—\'rq If unavoid-

to atmospheric pressure and cannot be increased by
closing a downstream valve, shall be designed for the
appropriate pressure in accordance with Table 122.2-
1. The provisions of paras. 122.1.4(a)(3) and 122.1.7
shall apply. The size of non-BEP blowoff header to the
safe point of discharge shall not be smaller than the
largest connected BEP blowoff terminal [see para.
122.1.4(a)(4)].
(2) Blowdown piping, in which the pressure cannot
in ad-by ing 3 vasteeasm—valvg, shall be
designed for the appropriate pressure and‘tefnperature
in accordance with Table 122.2-1. The\proyisions 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 pbe smaller
than the BEP boiler shutoff valye)[see para. 1221.4(b)(4)]
unless engineering calculations confirm that the design
flow rate can be achieved with a smaller plping size
without flashing the-blowdown prior to|the flow
control valve.
(3) When the design pressure of Table 122.2-1 can
be exceeded-dlie to closing of a downstream vallve, calcu-
lated pres$ire drop, or other means, the entire plowoff or
blowdown piping system shall be designed in afcordance
with®paras. 122.1.4(a) and 122.1.7 for blowoffland para.
122°1.4(b) for blowdown piping.
(4) Non-BEP blowdown piping downstrdam of the
flow control valve shall not be smaller — and preferably
will be larger — than the connection on the hoiler [see
para. 122.1.4(b)(4)].
(b) From Pressure Vessels Other Than Boilers
(1) The design pressure and temperature of the
blowoff piping from the pressure vessel to and| including
the blowoffvalve(s) shallnotbeless than the vegsel MAWP
and corresponding design temperature.

122.3 Instrument, Control, and SamplinT“Piping

(a) Therequirements of this Code, as supple
para. 122.3, shall apply to the design of in
control, and sampling piping for safe and proper
of the piping itself.

(b) The term “Instrument Piping” shall apply to all
valves, fittings, tubing, and piping used to conngct instru-
ments to main piping or to other instruments or ppparatus
or to measuring equipment as used within the|classifica-
tion of para. 100.1

ented by
btrument,
operation

able, valved drains at low points shall allow system
draining prior to operation. In order to minimize pipeline
shock during 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 preference 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 pressure is reduced approximately

57

(c) The term “Control Piping” shall apply to all valves,
fittings, tubing, and piping used to interconnect pneuma-
tically or hydraulically operated control apparatus, also
classified in accordance with para. 100.1, as well as to
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.
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Table 122.2-1 Design Pressure for Blowoff/Blowdown
Piping Downstream of BEP Valves

Design Pressure

(2) To prevent thermal shock to the main steam line
by contact with the colder condensate return from the
instrument, steam meter or instrument takeoff connec-
tions shall be lagged in with the steam main. For tempera-

ressel

hed.

Boiler or Vessel Pressure [Note (1)]
i o o
MAWP KPa (gage) psig  kPa (gage) ture in excess of800 F (425°C), they may also be arrang_ed
to make metallic contact lengthwise with the steam main.
Below 250 1725 Note (2) Note (2)
250-600 1725-4135 250 1725 (b) Valves
- - (1) Shutoff Valves. Shutoff valves shall be provided at
601-900 #136-6205 400 2760 takeoff connections. They shall be capable of withstanding
901-1,500 6206-10 340 600 4135 the desicnnressureand-temperatureofthe piveor
- =22 thedesign pressure-and-temperature-of the pipe-or
1,501 and fjigher 10 341 and higher 900 6 205 to which the takeoff adapters or nipples are atfdg
NOTES: (2) Blowdown Valves

(1) Thealldqwable stress value for the piping material need not exceed
that pefmitted for the temperature of saturated steam at the
design pressure.

(2) For boiler or vessel pressures below 250 psig [1 725 kPa (gage)],
the des]gn pressure shall be determined in accordance with para.
122.1.4(b)(1), but need not exceed 250 psig [1 725 kPa (gage)].

(e) Parpgraph 122.3 does not apply to tubing used in
permaner]tly closed systems, such as fluid-filled tempera-
ture respgnsive devices, or the temperature responsive
devices themselves.

(f) Parggraph 122.3 doesnotapply to the devices, appa-
ratus, mdasuring, sampling, signalling, transmitting,
controlling, receiving, or collecting instruments to
which thd piping is connected.

122.3.1| Materials and Design. The materials utilized
for valves| fittings, tubing, and piping shall meet the parti-
cular conglitions of service and the requirements of the
applicable specifications listed under general paras.
105, 106,107, and 108 with allowable stresses in ac¢or-
dance with the Allowable Stress Tables in Mandatory
Appendix|A.

The maferials for pressure retention components used
for piping|specialties such as meters, traps,and strainers
in flammapble, combustible, or toxic flyid,systems shall, in

addition, ¢gonform to the requiremerits of paras. 122.7 and
122.8.
122.3.2| Instrument Piping

(a) Tafeoff Connections
(1) Takeoff connections at the source, together with
attachmentbosses;fniozzles, and adapters, shall be made of
material at leastiequivalent to that of the pipe or vessel to
which they-are attached. The connections shall be

(-a) Blowdown valves at or near the instryment
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 température shall be the ¢orre-
sponding temperature of saturated steam. For all jother
services, blowdown valves~shall meet the requirements
of (1).

(-b) When blowdown valves are used, the valves at
the instrument_as‘well as any intervening fittings and
tubing betweén 'such blowdown valves and the meter
shall be suitable at 100°F (40°C) for at least 1% [times
the design/pressure of the piping system, but the
rating of the valve at the instrument need not ekceed
the fating of the blowdown valve.

(-c) When blowdown valves are not used, ifnstru-
ment valves shall conform to the requirements of|(-a).

(c) Reservoirsor Condensers. In dead end steam sdrvice,
the condensing reservoirs and connecting nipples, which
immediately follow the shutoff valves, shall be m3de of
material suitable for the saturated steam temperature
corresponding to the main line design pressure.

(d) Materials for Lines Between Shutoff Valves and
Instruments

(1) Copper, copper alloys, and other nonfefrous
materials may be used in dead end steam or water services
up to the design pressure and temperature condjtions
used for calculating the wall thickness in accorglance
with para. 104 provided that the temperature within
the connecting lines for continuous services dogs not
exceed 406°F (208°C).

Where water temperature in the reservoir of conden-
sers is above 406°F (208°C), a length of uninsulated steel
tubing at least 5 ft (1.5 m) long shall immediately follow

designed
temperature and be capable of withstanding loadings
induced by relative displacement and vibration. The
nominal size of the takeoff connections shall not be
less than NPS Y, (DN 15) for service conditions not in
excess of either 900 psi (6 200 kPa) or 800°F (425°C),
and NPS %, (DN 20) (for adequate physical strength)
for design conditions that exceed either of these limits.
Where the size of the main is smaller than the limits
given above, the takeoff connection shall not be less
than the size of the main line.

- el ot d +1. | H =
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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 required 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 mechanical
strength, the inside diameter of the pipe or tube should not
belessthan 0.36in. (9.14 mm), with a wall thickness of not
less than 0.049 in. (1.25 mm). When these requirements
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do not apply, smaller sizes with wall thickness in due
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

122.3.4 Sampling Piping

(a) Takeoff Connections
(1) Takeoff connections shall be in accordance with
para. 122.3.2(a)(1).
(b) Valves
(1) Shutoff valves shall be in accordance with para.
122.3.2(b)(1).
(2) Blowdown valves shall be of the gradual opening
type and shall be suitable for main line design pressure

[S)
be used. The fittings shall be suitable for the
br pressure and corresponding saturated steam
temperature or water temperature, whichever applies.
For sppercritical pressure conditions, the fittings shall
be sufitable for the design pressure and temperature of
the nfain fluid line.

) 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
450 kPa) and temperatures up to 150°F (65°C), steel
s either of the flared, flareless, socket welded, fusion
d, or silver brazed socket type shall be used.

(-b) For main line pressures up to 500 psi (3 450

kPa) gnd temperatures up to 150°F (65°C), the fittings may
be flared or silver brazed socket type, inverted flared or
flareless compression type, all of brass or bronze.
(-c) For pressures up to 175 psi (1200 kPa) or
temperatures up to 250°F (120°C), soldered type fittings
may be used with water-filled or air-filled tubing under
adjusted pressure-temperature ratings. These fittings are
not rgcommended where mechanical vibration,hydraulic
shocH, or thermal shock are encountered.

shall
head

psi(3
fitting
weldd

122.3.3 Control Piping
(@)

Takeoff Connections
7) Takeoff connections shall'be in accordance with
para.|122.3.2(a)(1).

(b)| Valves

7) Shutoff valves:shall be in accordance with para.

122.32(b)(1).

(c)| Materials
7) The same materials may be used for control lines
as for instrument lines, except that the minimum inside
diamé¢tertshall be 0.178 in. (4.52 mm) with a minimum
wall thickness of 0.028 in. (0.71 mm), provided that

and temperature.
(c) Materials
(1) The materials to be used for sampling
conform to minimum requirementsfor‘the m
which they connect.
(d) Fittings and Joints
(1) For subcritical andrsupercritical press
and for water above 150°F\(65°C), fittings of
flareless, or socket welding type, or other suitable type of
similar design shall beused. The fittings shall he suitable
for main line design pressure and temperatur.
(2) For water below 150°F (65°C), fittingsfand joints
shall be suitable for main line design pregsure and
temperatdre and shall be in accordance with para.
122.3.2(e)(2).

lines shall
hin line to

ire steam,
he flared,

122.3.6 Fittings and Joints

(a) All fittings shall be in accordance with standards
and specifications listed in Table 126.1-1.

(1) Socket welded joints shall comply with the re-
quirements of para. 111.3.

(2) Flared, flareless, and compression type fittings
and their joints shall comply with the requirpments of
para. 115.

(3) Silver brazed socket type joints shall comply with
the requirements of paras. 117.1 and 117.3.

(4) Solder type joints shall comply with the require-
ments of paras. 117.2 and 117.3.

(5) The use of taper threaded joints dp to and
including NPS %, (DN 15) is permitted at pressures up
to 5,000 psi (34500 kPa) in dead-end seryice from
outlet end and downstream of shutoff valve |ocated at
instrument, at control apparatus, or at disgharge of
sample cooler.

122.3.7 Special Safety Provisions

this wall thickness is not less than that required by
para. 122.3.2(d)(3). If a control device has a connection
smaller than %, in. (6.0 mm), the size reduction from the
control tubing to the control device shall be made as close
to the control device as possible.
(d) Fittings and Joints

(1) Fittings and joints shall be in accordance with

para. 122.3.2(e)(2).
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(aJ Connecting piping subject to clogging from solids or
deposits shall be provided with suitable connections for
cleaning.

(b) Connecting piping handling air and gases
containing moisture or other extraneous materials
shall be provided with suitable drains or settling cham-
bers or traps.

(c) Connecting piping that may contain liquids shall be
protected from damage due to freezing by heating or other
adequate means.
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Figure 122.4-1 Desuperheater Schematic Arrangement

Desuperheater

GENERAL N

S
/ﬁé/ >
]

Regulating valve

Stop valve
From spray

water source

Block valye

Drain valve — required™en superheater and
reheater desuperhigatérs

OTE: This Figure is a schematic only and is not intended to show equipnient layout or orientation.

122.3.8| Supports. Supports shall be furnished as speci-
fied in paija. 121 not only for safety but also to protect the
piping against detrimental sagging, external mechanical
injury abyse, and exposure to unusual service conditions,

122.3.9| Installations

(a) Insfrument, control, and sampling piping shall be
inspected and tested in accordance with paras. 136
and 137.

(b) Th¢ inside of all piping, tubing, valves, and fittings
shall be smooth, clean, and free from"blisters, loose mill
scale, sarld, and dirt when ereeted. All lines shall be
cleaned after installation and/before placing in service.

122.4 Spray-Type Desaperheater Piping for Use on
Steam Generators, Main Steam, and Reheat
Steam Piping

(a) Vafves,and Piping Arrangement
(1) Hach.spraywater pipe connected to a desuper-

(3) Abypass valve around the power-operated|block
valve is prohibited.

(4) On a superheater or reheater desuperhedter, a
drain valve shall be installed between the power-opgrated
block valve and the regulating valve.

(5) If the spraywater supply is from the boiler] feed-
water system and its source is not downstream of thg feed-
water check valve required by para. 122.1.7, a check|valve
shall be provided in the spraywater piping betwegn the
desuperheater and the spraywater source.

(6) Itis recommended that the valves and pipjng be
arranged to provide a head of water on the downsfream
side of the stop valve.

(7) A typical arrangement is shown in Figure 122.4-
1.

(8) Provisions shall be made to both steam and vater
systems to accommodate the operating conditions|asso-
ciated with this service, including water hammer, thermal
shock and direct water impingement. The connectipn for
the spraywater pipe should be located per the require-

heater shattbe 158 ovidedwitha atuy valveandar csu}atius
(spray control) valve. The regulating valve shall be
installed upstream of the stop valve. In addition, if the
steam generator supplies steam to a steam turbine, a
power-operated block valve® shall be installed upstream
of the regulating valve.

(2) A bypass valve around the regulating valve is
permitted.

5 For information on the prevention of water damage to steam turbines
used for electric power generation, see ASME TDP-1.

TITETtS estabiisthed by the mmanufacturer 5o that complete
flow mixing is achieved prior to any bends, elbows, or
other flow directional changes being encountered.

(9) Insertable-type desuperheaters, which include
an integral stop and spraywater regulating valve, may
be used within the limitations established by the manu-
facturer. If this type is used, the individual stop and regu-
lating valves shown in Figure 122.4-1 may be omitted. All
other requirements described in para. 122.4 shall apply.
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(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

(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 v
to or
sure

breater than the maximum allowable working pres-
bf the desuperheater.

(-b) For the remainder of the spraywater piping
systdm, the value of P shall be not less than the
maximum sustained pressure exerted by the spraywater.
?) The stop valve required by (a)(1) shall be
desighed for the pressure requirement of (1)(-a) or the
maximum sustained pressure exerted by the spraywater,
whicljever is greater.

3) The S value used for the spraywater piping shall
not exceed that permitted for the expected temperature.

NOTE] The temperature varies from that of the desuperheater to
that of the spraywater source and is highly dependent on the
piping arrangement. It is the responsibility of the designer to
detertpine the design temperature to be used for the various
sectiohs of the piping system.

122.5 Pressure-Reducing Valves

122.5.1 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
low pfessure side of the system shall be designed to with-
stand the upstream design pressurex The pressure-
relieving valves or devices shall belocated adjoining or
as clope as practicable to the reduding valve. The combined
relieving capacity provided shall be such that the design
presspre of the low pressurelsystem will not be exceeded if
the r¢ducing valve failsopen.

122.5.2 Bypass Valves. Hand-controlled bypass valves
havinig a capacity.no greater than the reducing valve may
be ingtalled around pressure-reducing valves if the down-
streai pipingis’protected by pressure-relieving valves or
devicgs aSrequired in para. 122.5.1 or if the design pres-
sure of the'downstream piping system and equipmentis at

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.

122.6.1 Piping to Pressure-Relieving Valves and
Devices

(a) Thereshall be nointervening stop valve(s) between
piping being protected and the protective valve(s) or
device(s).

(b) Diverter or changeover valves designed to allow
servicing of redundant protective valves or devices
without system depressurizatiom.may be|installed
between the piping to be protected and the| required
protective valves or devices_under the following
conditions:

(1) Diverter or changeover valves are prohibited on
boiler external piping(and reheat piping.

(2) One hundred-percent (100%) of the
relieving capacity shall be continuously ava
time the systém is in service.

(3) Positive position indicators shall be prjovided on
diverter, of. changeover valves.

(4),Positive locking mechanisms and sea
provided on diverter or changeover valves tg
umiatthorized or accidental operation.

(5) Diverter or changeover valves shall b¢ designed
for the most severe conditions of pressure, temperature,
and loading to which they are exposed, and ghall 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.

required
lable any

s shall be
preclude

122.6.2 Discharge Piping From Pressure-Relieving
Valves and Devices

(a) There shall be no intervening stop valve between
the protective valve(s) or device(s) and the¢ point of
discharge.

(b) When discharging directly to the atmosphere,
discharge shall not impinge on other piping or gquipment
and shall be directed away from platforms and other areas
used by personnel.

(c) It is recommended that individual dischfarge lines
be used, but if two or more reliefs are combpined, the

least as high as the upstream design pressure.

122.5.3 Design of Valves and Pressure-Relieving
Valves and Devices. Pressure-reducing and bypass
valves, and pressure-relieving valves and devices, shall
be designed for inlet pressure and temperature condi-
tions. Pressure-relieving valves and devices shall be in
accordance with the requirements of para. 107.8.

61

dibdmlgc pipiug shattbe dcaigucd withsuffitient flow
area to prevent blowout of steam or other fluids.
Sectional areas of a discharge pipe shall not be less
than the full area of the valve or device outlets discharging
thereinto, and the discharge pipe shall be as short and
straight as possible and so arranged as to avoid undue
stresses on the valve(s) or device(s).

(d) Discharge lines from pressure-relieving valves and
devices within the scope of this Code shall be designed to
facilitate drainage.
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(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.

(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 opera H : #a aFas
107.8.3(b}] prov1ded 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
at temperptures above 800°F (427°C) shall be taken from
ASME BPVC, Section II, Part D, Table 1A for materials
applicablg to Section I and Section VIII, Division 1

122.7 Piping for Flammable or Combustible
Liquids

122.7.1| General. Piping for flammable or combustible
liquids influding fuel and lubricating oils is within the
scope of|this Code. Piping for synthetic lubricants
having nq| flash or fire point need not meet the require-
ments of para. 122.7.

The degigner is cautioned that, among other criteria,
static eledtricity may be generated by the flowing fluid.
Additionally, the designer is cautioned of the extreme chil-
ling effect|of a liquefied gas flashing to vapor during loss:of
pressure.| This is a factor for determining the lowest
expected pervice temperature relative to the possibility
of brittle fracture of materials. Consideration shall also
be given fo the pressure rise that may occgur‘as a cold
fluid absarbs heat from the surroundings,

122.7.2| Materials

amless steel or nickel alloy piping materials shall

(b) Ind area 55y 3
or tube of steel, nickel alloy, copper or brass construction.
Copper tubing shall have a thickness not less than that
required by para. 104.1.2(c)(3), regardless of pressure.
Refer also to paras. 105, 124.6, and 124.7(a).

Wherever materials other than steel or nickel alloy are
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.
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(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.

122.7.3 Piping Joints

(a) Welded ]omts shall be used between steel or nickel

ﬂanged ]01nts are necessary, the gasket materlal shall be
suitable for the service. Where threaded\joint}
compression fittings are unavoidable, the following re-
quirements shall be met:

(1) For threaded joints, the pipeythickness shll be
notless than Extra Strong regardless. of pressure or type of
material.

(2) The requirements-ofipara. 114 shall apply]
threaded joints.

(3) Threaded jointsand compression fittings sh
assembled carefully to’ensure leak tightness. Thre
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 unlegs the
joint.isto be seal welded or a gasket or O-ring is used
to proevide sealing at a surface other than the thrdads.

{b) Threaded joints in copper or brass pipe shpll be
subject to the same limitations as for steel pipe |n (a)
(1), (a)(2), and (a)(3).

(c) Copper tubing shall be assembled with flared,
less, or compression type joints as prescribed in parg.
or brazed in accordance with para. 117. Soft solder
joints are prohibited.

(d) RTR pipe shall be adhesive bonded in accorflance
with the pipe manufacturer's recommended procedures.

(e) Pipejoints dependenton the friction characteristics
or resiliency of combustible materials for mechanifal or
leak tightness of piping shall not be used inside builfings.

(f) Steel tubing shall be assembled with fittijgs in
accordance with para. 115, or with socket weld fittings.

flare-
115,

type

122.7.4 Valves and Specialties. Valves, stra
meters, and other specialties shall be of steel or
alloy construction. As an alternative, ductile or mal
iron or Copper alloy Valves and spec1alt1es may be

ners,
hickel
eable
used,
~where

metal temperatures do not exceed 400°F (204°C)

122.8 Piping for Flammable Gases, Toxic Fluids
(Gases or Liquids), or Nonflammable
Nontoxic Gases

(a) Although some gases are liquefied for storage or
transport, they shall be considered as gases if their
Reid vapor pressure is greater than 40 psia [2 068.6
mm Hg (absolute)] at 100°F (37.8°C).
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(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
5,000 psig [34 475 kPa (gage)], provided the size does
not exceed NPS ¥, (DN 20).

122.8.1 Flammable Gas

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:

(-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
MaRRer thatwi i nstruction,

nravant dayaga diyeing oo
¥ Y

(a)
lene,
butarn

Some of the common flammable gases are acety-
ethane, ethylene, hydrogen, methane, propane,
e, and natural or manufactured gas used for fuel.
It shall be the designers' responsibility to determine
the limiting concentrations (upper and lower explosive
limitq) and the properties of the gas under consideration.
The yse of explosive concentrations shall be avoided, or
the piping shall be designed to withstand explosive forces.

Vent lines shall be routed in such a way as to avoid
explopive concentrations while venting. Each flammable
gas vént point shall be subjected to a hazard analysis that
requires owner approval. The hazard analysis shall
addrgss
7) dissipation of the flammable gases
?) avoiding explosive concentrations
3) mitigating possible ignition sources by stopping
ork and other means
4) impingement of gases on nearby objects
5) foreign objects propelled by venting
6) chilling effect from the venting operation
7) protection of people by evacuation, by use of
apprppriate personal protective equipment; or by
other| means
The chilling effect from venting is a factor for deter-
mininlg the lowest expected service temperature relative
to th¢ possibility of brittle fracture, of materials.

(b)| Materials. Steel piping, subject to the limitations in
para.[105, shall be used for all flammable gases, except as
otherwise permitted in (2),(3), and (4).

7) Welded jointsishall be used between steel
components where¢practicable. Where bolted flanged
jointg are necessary, the gasket material shall be suitable
for the service. ‘Where threaded joints and compression
fittings are undvoidable, the following requirements shall
be met:

(@) For threaded joints, the pipe thickness shall be

hot w

operation, or service. Valves with suitable
gages, regulators, and other equipment
consist of copper alloy materials. Safety relief devices
shall be vented individually, and connected vent piping
shall be designed to convey the fluid, withoult pockets,
to the outside atmospherefand then diredted away
from equipment ventilationh systems, and vents from
other systems.

(3) For fuel gas.instrumentation and conffrol, seam-
less copper tubing stuibject to the following r¢strictions
may be used:

(-a) /Fhe design pressure shall not exce
(690 kPaj.

{*h)’ Tubing shall not exceed % in. (
nominal outside diameter.

(-c) All joints shall be made with comp
flared fittings.

(-d) Copper tubing shall not be used if the fuel gas
contains more than 0.3 grains (19.4 mg) of jhydrogen
sulfide per 100 ft*/min (47 L/s) of gas at|standard
conditions.

(-e) Consideration shall be given in thel design 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 guard¢d manner
that will prevent damage during construction, pperation,
and service.

(4) Polyethylene (PE) pipe may be used fpr natural
gasservice, in buried installations only, in accordance with
Mandatory Appendix N.

(c) Valvesand Specialties. Valves, strainers, meters, and
other specialties shall be of steel or nickel alloy| construc-
tion. As an alternative, ductile iron or copper alloy valves
and specialties may be used, subject to the restrictions in
paras. 124.6 and 124.7, where metal temperatufres do not

packing,
may also

ed 100 psi
15.9 mm)

ression or

not lesSthan EXtra Strong regardless of pressure or type ot
material.

(-b) Threaded joints and compression fittings may
be used subject to the limitations of para. 122.8(b).

(-c) Threaded joints and compression fittings shall
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
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exceed 400°F (204°C).

(d) For in-plant fuel gas distribution system(s) where
the use of a full-relieving-capacity safety or safety-relief
valve(s) as described in para. 107.8.3(b) could create an
undue venting hazard, an alternative pressure limiting
design may be substituted. The alternative design shall
include all provisions below.

(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
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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

(Mandatory (Mandatory
Appendix A, Appendix A,
Size Tables A-1 and A-2) Tables A-3 and A-4)
NPS 2 (DN 50) and  Extra strong Schedule 10S
smaller
Larger than_NPS 2 Standard weight Schedule 5S
(DN 50)
series. Ea¢h shall have the capability of closing off against

the maxinhum upstream pressure, and of controlling the
pressure ¢n the low pressure side at or below the design
pressure ¢f the low pressure system, in the event that the
other valye fails open. Control lines must be suitably
protected, designed, and installed so that damage to
any one dontrol line will not result in overpressurizing
the downgtream piping.

(2) Trip Stop Valve. A fail-safe trip stop valve shall be
installed o automatically close, in less than 1 sec, at or
below th¢ design pressure of the downstream piping.
It shall he a manually reset design. The pressure
switch for initiating closure of the trip stop valve shall
be hardwjred directly to the valve tripping circuit. The
pressure §witch shall be mounted directly on the low pres-
sure piping without an intervening isolation valve. The
trip stop [valve shall be located so that it is accessible
and protected from mechanical damage and from
weather qr other ambient conditions that could impair
its proper functioning. It may be located upstream-or
downstr¢am of the tandem gas pressure reducing
valves. The trip stop valve and all upstream“piping
shall be d¢signed for the maximum upstreamsupply pres-
sure. The [trip stop valve may also serve as‘the upstream
isolation yalve of a double-block and vént gas supply isola-
tion system. Provision shall be madg to-safely bleed off the
pressure flownstream of the trip stop valve.

(3) Safety Pressure Relief. The low pressure system
shall be prjotected from any leakage through the pressure-
reducing [valves, when~closed, by a safety-relief valve
constructed and desighed in accordance with para.
107.8.3(b), and sized for the possible leakage rate.

122.8.2| Toxic Fluids (Gas or Liquid)

(shaped branch pipe welded directly to run pipe) may
be used only if other types of branch connedtions
permitted by para. 104.3.1 are not available. Spcket
welded joints shall be used only with steel matprials
and shall not be larger than NPS 234 (DN 65). Where
bolted flanged joints are necessary, socket wdld or
welding neck flanges shall bé tised. Gasket matprials
shall be suitable for the service. Compression fiftings
are prohibited. Wherethe/use of threaded joints is
unavoidable, all of thé:following requirements shpll be
met:

(1) The pipe-thickness shall be not less than
Strong, regardless’ of pressure or type of material.

(2) In:addition to the provisions of para. 122
threaded<jeints and compression fittings may be
at conriéctions to refillable storage containers and
ciatéd pressure regulators, shutoff valves, pump
meters to a maximum pressure of 50 psig [34
fgage)], provided the size does not exceed NPS 2 (D

(3) Threaded joints shall be assembled carefylly to
ensure leak tightness. The requirements of para. [L35.5
shall be met. A thread sealant, suitable for the service,
shall be used unless the joint is to be seal welded or a
gasket or O-ring is used to provide sealing at a syrface
other than the threads.

(d) Steel valves shall be used. Bonnet joints
tapered threads are not permitted. Special conside
shall be given to valve design to prevent stem leak
the environment. Bonnet or cover plate closures and
body joints shall be one of the following types:

(1) union

(2) flanged with suitable gasketing and secureq
least four bolts

(3) proprietary, attached by bolts, lugs, or jother
substantial means, and having a design that increases
gasket compression as fluid pressure increases

Extra

8(b),
used
asso-
, and
b kPa
N 50).

with
fation
hge to
other

by at

(a) ForthepurposeofthisCode, atoxicfiuidisometirat
may be lethal, or capable of producing injury and/or
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.
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(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-
bilityrefbritdefracture—of-the-steel-material seleete

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, dirt, etc., which may
have accumulated within the piping during the construc-
tion period. This Code does not address the flushing or
cleaning operations. Temporary piping, that is piping

over fthe entire range of temperatures to which it may
be supjected.

(g)| For dry chlorine service between -20°F (-29°C)
and J00°F (149°C), the pipe material shall not be less
in thickness than seamless Extra Strong steel.

(h)| Toxic fluid piping shall be pneumatic leak tested in
accorfdance with para. 137.5. Alternatively, mass spectro-
meter or halide leak testing in accordance with para.
137.4, and a hydrostatic test in accordance with para.
137.3 may be performed.

(i) [Where it is not possible to avoid venting toxic gases
(such as discharges from safety relief devices where
containment is impractical), vent lines shall be routed
in sudh a way as to avoid exposing personnel to hazardous
concgntrations while venting. Each toxic gas vent point
shall|be subjected to a hazard analysis that requires
owner approval. The hazard analysis shall address the
following:

7) dissipation of the toxic gases

?) avoiding exposing personnel to toxic concentra-
by vent point location, by evacuation, by use of
bpriate personal protective equipmet; or by
means

3) foreign objects propelled by venting

4) chilling effect from the venting operation [see
122.8.1(a)]

tions

appr
other]

para.

122.8.3 Nonflammable Nontoxic Gas

(a)

as air

Piping for nonflammable and nontoxic gases, such
oxygen, carbon dioxide, and nitrogen, shall comply
with the requirements-of this Code, except as otherwise
permjtted in (b). The/designer is cautioned of the extreme
chilling effectduring rapid expansion. This is a factor for
determining\tife lowest expected service temperature
relatiye te~the brittle fracture of the material selected.
(b)| Threaded joints and compression fittings may be

attached to the permanent piping system whese function
is to provide means for introducing and'removing the
fluids used in the flushing or cleaning operatfons, shall
be designed and constructed to withstand the|operating
conditions during flushing and _cleaning. The[following
minimum requirements shalDapply to tgmporary
piping systems:

(a) Each such system.shall’be analyzed for c
with para. 103.

(b) Connections fortemporary piping to the ermanent
piping systems that'are intended to remain shall meet the
design and construction requirements of the germanent
system towhich they are attached.

(c) The‘temporary systems shall be suppdrted such
thatfoxces and moments due to static, dynpmic, and
expansion loadings will not be transferred in arn unaccep-
table manner to the connected permanent piping system.
Paragraphs 120 and 121 shall be used as guidance for the
design of the temporary piping systems sypporting
elements.

(d) The temporary systems shall be capable of with-
standing the cyclic loadings that occur during tHe flushing
and cleaning operations. Particular attention shall be
given to the effects of large thrust forces that may be
generated during high velocity blowing cycles. Where
steam piping is to be subjected to high|velocity
blowing operations, continuous or automati¢ draining
of trapped or potentially trapped water within the
system shall be incorporated. Supports at thle exhaust
terminals of blowdown piping shall provide fof restraint
of potential pipe whip.

(e) Where necessary, temporary systems dontaining
cast iron or carbon steel material subject to| chemical
cleaning shall be prewarmed to avoid the potential for
brittle failure of the material.

(f) Where temporary piping has been insta

bmpliance

led and it
......... 5 Code for

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
in the dis ipi i
inlet piping, a check valve shall be provided in the trap
discharge line. A check valve is not required if either
the stop valve or the steam trap is designed to automa-
tically preentreverse flow and is capable of withstanding
a reverse |differential pressure equal to the design pres-
discharge piping.

122.12

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
equipmerlt are designed for the maximum pressure to
which thedy may accidentally or otherwise be subjected,
or unless|a suitable alarm indicator, such as a whistle
or free blowing pressure-relieving valve, is installed
where it yill warn the operator.

haust and Pump Suction Piping

122.13 Pump Discharge Piping

Pump gdischarge piping from the pump up to and
including|the valve normally used for isolation or flow
control shpll be designed for the maximum sustainedpres-
sure exerted by the pump and for the highest coincident
fluid temperature, as a minimum. Variations in pressure
and tempé¢rature due to occasional inadvertent operation
are permifted as limited in para. 102.2.4unhder any of the
following |conditions:

(a) duifing operation of overpréssure relieving valves
designed fo protect the piping.system and the attached
equipmenit

(b) duifing a short period-of abnormal operation, such
as pump ¢verspeed

(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
low pressure side of the system shall be designed-to|with-
stand the upstream design pressure. The presjsure-
relieving valve(s) or device(s) shall be located’adj¢ining
or as close as practicable to the reduging valve. The
combined relieving capacity provided shall be|such
that the design pressure of the low) pressure system
will not be exceeded if the reducing valve fails opgn.

122.14.2 Alternative Systems. In district heating and
steam distribution systenis/where the steam prejssure
does not exceed 400¢psi (2 750 kPa) and where the
use of pressure-relieving valves or devices as desqribed
in para. 122.14.}-i$'not feasible (e.g., because therd is no
acceptable discharge location for the vent piping), jalter-
native desigis may be substituted for the relief valve(s) or
device(s)«In’either case, it is recommended that alarmms be
providéd that will reliably warn the operator of failpire of
any ‘pressure-reducing valve.

{a) Tandem Steam Pressure Reducing Valves. T\o 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 equipmer]t and
piping system served. In this case, no relief valve or
device is required.

Each pressure-reducing valve shall have the capgbility
of closing off against full line pressure, and of contrplling
the reduced pressure at or below the design presspire of
the low pressure system, in the event that the other|valve
fails open.

(b) Trip Stop Valves. A trip stop steam valve set tg
ator below the design pressure of the low pressure s
may be used in place of a second reducing valve or a
valve.

close
ystem
relief
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Chapter Il
Materials

123 GENERAL REQUIREMENTS

Chapter III contains limitations and required qualifica-
tions for materials based on their inherent properties. Use
of thgse materials in piping systems is also subject to re-
quirements and limitations in other parts of this Code.

123.1

123.1.1 Listed Materials. Material meeting the
following requirements shall be considered listed and ac-
ceptaple material:

(a)| Materials for which allowable stress values are
listed in Mandatory Appendix A or that have been
appraved by the procedure established by (c).

(b)| A material conforming to a specification for which
allowpble stresses are not listed in Mandatory Appendix A
isaccgptable provided its use is not specifically prohibited
by thjs Code Section and it satisfies one of the following
requirements:

7) It is referenced in a standard listed in Table
126.1-1. Such a material shall be used only within the
scopd of and in the product form covered by the referen-
cing gtandard listed in Table 126.1-1.

?) Itisreferenced in other parts of this Code Section
and ghall be used only within the seope of and in the
prodyct form permitted by the referencing text.

(c)| The ASME B31.1 Committee.considers requests for
adopfiion of new materials degsiréd by the owner/user or
fabridator, manufacturer, jnstaller, or assembler of piping
or pifing components constructed to the Code. Where itis
desired to use materialsthat are not currently acceptable
undef the rules of this Code Section, written application
shall[be made to*the Committee fully describing the
propgsed matérial, the user need, and the contemplated
use.

Materials and Specifications

1), Stich material shall not be considered listed and

has been made or will be made to the Sectionl-{ommittee
to consider permitting the use of the material: The request
shall indicate the intended application and range of
service temperatures for the material. In defermining
whether a material should be permitted to He used in
Boiler External Piping, the ASME B31.1 Comrnittee will
consider the following and_other pertinent fagtors:
¢ whether the material is permitted to e used by
ASME BPVC, Section.
¢ whether theimaterial is essentially the same as a
material permjttéd to be used by ASME BPVC(| Section I
¢ the-eXperience base for the use of thg material
o whether the material is seam welded [with filler
metal added (seam-welded pipe with filler metgl added is
genetally not permitted)
e whether the material is intended for use in
water-wetted service and is austenitic stainless steel
(austenitic stainless steels are generally not permitted
in water-wetted service)
(d) Materials conforming to ASME SA or SB|specifica-
tions may be used interchangeably with materiall specified
to the listed ASTM A or B specifications of[the same
number, except where the requirements of para.
123.2.2 apply.
(e) Thetabulated stress values in Mandatory|Appendix
Athatare showninitalics are at temperatures ir} the range
where creep and stress rupture strength goverr] the selec-
tion of stresses.

123.1.2 Unlisted Materials. Materials other than those
meeting the requirements of para. 123.1.1 shall pe consid-
ered unlisted materials. Such unlisted materialg may only
be used for nonboiler external piping provided they satisfy
all of the following requirements:

(a) Unlisted materials are certified by thg material
manufacturer to satisfy the requirements of a spgcification
listed in any Code Section of ASME B31 Code for Pressure

not used as a 115ted Mmaterial unti it hias been approved by
the Committee and allowable stress values have been
assigned. Details of information that should be included
in such applications are given in ASME BPVC, Section IJ,
Part D, Mandatory Appendix 5.

(2) 1fitis desired that the material be permitted for
use in Boiler External Piping, 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

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.

(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 upon data associated with successful
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experience, tests, or analysis, or a combination thereof.
See para. 124.1.2 for minimum service temperature
qualifications.

(d) The designer shall document the owner's accep-
tance for use of unlisted material.

(e) All other requirements of this Code are satisfied.

123.1.3 Unknown Materials. Materials of unknown
specification shall not be used for pressure-containing
piping components.

tical or more stringent than the ASME specification for the
grade, class, or type produced. The material manufacturer
or component manufacturer shall certify, with evidence
acceptable to the Authorized Inspector, that the ASME
specification requirements have been met. Materials
produced to ASME or ASTM material specifications are
not limited as to country of origin.

(b) Materials that are not fully identified shall comply
with ASME BPVC, Section I, PG-10.

123.1.5| Size or Thickness. Materials outside the limits
of size or thickness given in the title or scope clause of any
specificatjon listed in Table 126.1-1 may be used if the
material is in compliance with the other requirements
of the spegcification and no other similar limitation is
given in the rules for construction.

123.1.6| Marking of Materials or Products. Materials or
products marked as meeting the requirements for more
than one grade, type, or alloy of a material specification or
multiple dpecifications, are acceptable provided

(a) ond of the markings includes the material specifi-
cation, grjade, class, and type or alloy of the material
permitted by this Code and the material meets all the re-
quiremen s of that specification

(b) the|appropriate allowable stress for the specified
grade, type, or alloy of a material specification from
Mandatorly Appendix A is used

(c) all gther requirements of this Code are satisfied for
the materfial permitted

123.1.[7 Materials Manufactured to Other
Specificafion Editions. Materials may meet the require-
ments of material specification editions other(than the
editions listed in Mandatory Appendix F provided

(a) the| materials are the same specifieation, grade,
type, clags, or alloy, and heat-treated condition, as
applicablg.

(b) the
compared
material

material tensile and yield strengths shall be
and any differences-shall be evaluated. If the
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 Féconciled.

123.2 Piping.Components

123.2.1| General. Materials th n mply with th
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
para. 100.1.2(a), shall be specified in accordance with
ASME SA, SB, or SFA specifications. Material produced
under an ASTM specification may be used, provided
that the requirements of the ASTM specification are iden-
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fetnaddition—tomaterialsHstedinMandptory
Appendix A without Note (1), materials that are)llisted
in ASME BPVC, Section I may be used in boiler ‘exfernal
piping. When such Section I materials are used, the 3llow-
able stresses shall be those listed in ASME BPVC, Sectlion I],
Part D, Tables 1A and 1B applicable to.Section I. For|these
Section I materials, the applicable‘vequirements in [Table
1A, Table 1B, and Section I, PG75,through 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 shgll be
suitable for the seryice and shall comply with the require-
ments of para.\{21.2(c), para. 121.7.2(c), para. 121.7.2(d),
para. 123.155er MSS SP-58. When utilizing MSS SP-58, the
allowable stresses for unlisted materials shall be ¢stab-
lished~in' accordance with the rules of para. 102.8.1(c)
of ASME B31.1 in lieu of para. 4.4 of MSS SP-58.

123.4 Longitudinal-Welded or Spiral-Welded
With Filler Metal Added

Pipe

(a) For the purposes of para. 104.1.1, the start pf the
creep range is the highest temperature where the|noni-
talicized stress values end in Mandatory Appendiy A.
(b) All welds in longitudinal-welded or spiral-wlelded
pipe operating in the creep range shall receive and pass a
100% volumetric examination (RT or UT) per the applic-
able material specification or in accordance with|para.
136.4.5 or 136.4.6 and Table 136.4.1-1, or the joint effi-
ciency factor (used as a multiplier to the weld strength
reduction factor) from Table 102.4.7-1 shall be usgd.

124 LIMITATIONS ON MATERIALS

124.1 Temperature Limitations

prials
listed in the Allowable Stress 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).

124.1.2 Lower Temperature Limits

(a) The designer shall give consideration to the possi-
bility of brittle fracture at low service temperature.

(b) The requirements of ASME B31T, Standard
Toughness Requirements for Piping, shall be met.
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(1) For materials listed in ASME B31T, see
Nonmandatory Appendix VIII for guidelines to determine
if low-temperature service requirements apply.

(2) For materials not listed in ASME B31T, the
designer shall establish the T-number group using the
guidelines 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

haate afthapnatarial Thaotactchallbha iy aconrdanon
eatS-otthe-aterar—Te-teStSharbeHhaccoraaiee

herein and in para. 105.2.1(b). Castings to ASME SA-
278 and ASTM A278 shall have maximum limits of 250
psig [1 725 kPa (gage)] and 450°F (232°C).

The following referenced paragraphs prohibit or
restrict the use of gray cast iron for certain applications
or to certain pressure-temperature ratings:

121.7.2(c)

122.1.4(2)(3)
122.1.4(b)(3)

Pipe supports
BEP blowoff
BEP blowdown

with the requirements of section 4 of ASME B31T and the
test femperature shall be at or below the “Material
Minithum Temperature Without Impacts” listed for the
T-nuthber group in Table 3.1-1 of ASME B31T.

124.7

(a)
800°H
carbd
carbd
alloy

Steel

Upon prolonged exposure to temperatures above
(427°C), the carbide phase of plain carbon steel,
n-molybdenum steel, plain nickel alloy steel,
n-manganese alloy steel, manganese-vanadium
steel, and carbon-silicon steel may be converted
to graphite.

(b)] Upon prolonged exposure to temperatures above
875°F (468°C), the carbide phase of alloy steels, such
as manganese-molybdenum-vanadium, manganese-
chrompium-vanadium, and chromium-vanadium, may
be converted to graphite.

(c)| Carbon or alloy steel having carbon content of more
than (.35% shall not be used in welded construction or-be
shapgd by oxygen cutting process or other thermal euitting
processes.

(d)| Where low alloy 2%/,% chromium steels.aré used at
temperatures above 850°F (454°C), the carbon content of
the base material and weld filler metalshall be 0.05% or
highef.

(e)| Carbon and low alloy steel§ nidy be susceptible to
flow-accelerated corrosion (FAC, also referred to as flow-
assistled corrosion) under certain conditions, which might
includle rapid or turbulent single- or two-phase flow, low
pH, Igw oxygen concehtration, and temperatures in the
rangd of approximately 200°F (93°C) to 500°F (260°C).

122.1.7
122.1.7(c)(5).and (c)(6)
122.2(a)(B
1222(a)(2)

BEP valves and fittings
Blowoff valves
Non-BEP blowoff
Non-BEP blowdown

Flammable or combustible liquids 122.7.2(a) and (p),
122.7.4

Flammable gases 122.8.1(b) and ()

Toxic gases or liquids 122.8.2(b) and (|d)

124.5 Malleable'lron

Certain types of malleable iron have low ductfility char-
acteristicgand may be subject to brittle fracture{Malleable
iron may.be used for design conditions not to efxceed 350
psig §2.415 kPa (gage)] or 450°F (232°C).

The following referenced paragraphs prohibit or
restrict the use of malleable iron for certain agplications
or to certain pressure-temperature ratings:
121.7.2(d)
122.1.4(a)(3)
122.1.4(b)(3)
122.2(a)(1)
122.2(a)(2)

122.7.2(a) andl (b),
122.7.4

122.8.1(b) anfl (c)
122.8.2(b) anfl (d)

Pipe supports

BEP blowoff

BEP blowdown
Non-BEP blowoff
Non-BEP blowdown

Flammable or combustible liquids

Flammable gases

Toxic gases or liquids

124.6 Ductile (Nodular) Iron
Ductile iron components complying with ANSI/AWWA

Materials containing’at least 0.1% chromium are consid- C110/A21.10, C115/A21.15, C151/A21.51, jor C153/
ered to be lessssusceptible to FAC, and these steels will A21.53 may be used for water and other phontoxic,
exhibit inereasing resistance to FAC as chromium  ponflammable service, with pressure limits a{ specified
content isincreased. Additional information regarding  in those standards and temperature limits ag specified
FAC ik provided in Nonmandatory Appendix IV, in-para—106.1{e}Thesecomponents—mayndt be used

124.4 Cast Gray Iron

The low ductility of cast gray iron may result in sudden
failure if shock loading (pressure, temperature, or
mechanical) should occur. Possible shock loadings and
consequences of failure must be considered before speci-
fying the use of such material. Cast iron components may
be used within the nonshock pressure-temperature
ratings established by the standards and specifications
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for boiler external piping.

Ductile (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.

(1) Only ASME SA-395 material may be used.
(2) Design pressure shall not exceed 350 psig [2
415 kPa (gage)].
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(3) Design temperature shall not exceed 450°F
(232°C).

(b) Welding shall not be used, either in fabrication of
the components 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)

124.9 Nonmetallic Pipe

This Code recognizes the existence of a wide variety of
nonmetallic piping materials that may be used in corrosive
(either internal or external) or other specialized applica-
tions. Extreme care must be taken in their selection, as
their design properties vary greatly and depend upon
the material, type, and grade. Particular consideration
shall be given to

(a) possible destruction where fire hazard is involved

BEP blowd
BEP blowoff valves
Non-BEP blpwoff

Non-BEP blpwdown

or combustible liquids

Wi 122.1.4(0)(3)
122.1.7(c)(5) and (c)(6)
122.2(a)(1)

122.2(a)(2)

122.7.2(a) and (b),
122.7.4

Flammable

Flammable |gases 122.8.1(b) and (c)
Toxic gases|or liquids 122.8.2(b) and (d)
Pipe suppofts 123.3

124.7 Ngnferrous Metals

Nonferfous metals may be used in piping systems under
the following conditions:

(a) Thg melting points of copper, copper alloys,
aluminuny, and aluminum alloys must be considered parti-
cularly where there is a fire hazard.

(b) The designer shall consider the possibility of
galvanic forrosion when combinations of dissimilar
metals, sUch as copper, aluminum, and their alloys, are
used in cpnjunction with each other or with steel ot
other metals in the presence of an electrolyte.

(c) Threaded Connections. A suitable thread compound
shall be uped in making up threaded joints in aldminum
pipe to pfevent seizing that might cause leakage and
perhaps prevent disassembly. Pipe in)the annealed
temper sHould not be threaded.

124.8 Clpdding and Lining Materials

Materidls with cladding er lining may be used provided
that

(a) the|base materialisan approved Code material. The
allowable|stress usedsshall be that of the base metal at the
design temperature!

(b) thelcladding or lining is a material that in the judg-
ment of the uSer is suitable for the intended service, and

(b) possible decrease in tensile strength at flight
increase in temperature
(c) effects of toxicity
(d) requirements for providing adequate suppdrt for
flexible pipe
Rules and service limitations forplastic and elastpmer-
based piping materials, including thefmoplastics and rein-
forced thermosetting resins)\are given in Mandfatory
Appendix N.

124.10 Deterioration-of Materials in Service

Itis the responsibility of the engineer to select matlerials
suitable for thé intended application. Some guidelines for
selection of protective coatings for metallic piping are
provided’in’Nonmandatory Appendix IV.

124:11" Gaskets

Limitations on gasket materials are covered in
108.4.

para.

124.12 Bolting

Limitations on bolting materials are covered in
108.5.

para.

125 CREEP STRENGTH ENHANCED FERRITIC
MATERIALS

125.1 Requirements for ASTM A217, Grade (12A
and ASTM A1091, Grade C91 Castings

125.1.1 Required Examinations. The casting shill be
examined in accordance with the requirements of|para.
102.4.6(Db).

Alternatively, castings for valves may be examined in
accordance with the requirements of ASME B16.34 for
special class valves

the cladding/lining and its method of application do not
detract from the serviceability of the base material.

(c) bending procedures are such that damaging or
detrimental thinning of the cladding material is prevented.

(d) welding and the inspection of welds is in accor-
dance with the provisions of Chapters V and VI of this
Code.

(e) the thickness of the cladding is not credited for
structural strength in the piping design.
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125.1.2 Heat Treatment Requirements

(a) The material shall be austenitized within the
temperature range of 1,900°F to 1,975°F (1040°C to
1 080°C), followed by air or accelerated cooling’ to a
temperature of 200°F (95°C) or below, followed by
tempering within a range of 1,350°F to 1,470°F

1 To facilitate complete transformation to martensite after the auste-
nitizing, cooling should be as uniform as possible.

(18)
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(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 applicable, 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) When heattreating single castings, compliance with
the specified temperature range shall be verified by ther-
mocouples placed directly on the casting. For castings that

(1) SMAW, SFA-5.5/SFA-5.5M E90XX-B9

(2) SAW, SFA-5.23/SFA-5.23M EB9 + neutral flux

(3) GTAW, SFA-5.28/SFA-5.28M ER90S-B9

(4) FCAW, SFA-5.29/SFA-5.29M E91T1-B9

In addition, the Ni + Mn content of all welding
consumables shall not exceed 1.0%.

(b) Weld repairs to castings as part of material manu-

facture shall be made with welding procedures and
welders qualified in accordance with ASME BPVC

ottt oot e S Cohp A e vwwrerere-5peere

temperature range shall be verified by thermocouples
placed on selected castings in each heat treatment
batcH. The number and location of thermocouples to
be plhced on each casting, or on each heat treatment
batcH of castings, for verification of heat treatment
shall|be as agreed between the purchaser and the
producer. A record of the final austenitizing and
tempering heat treatment, and any subsequent subcritical
heat treatment, to include both the number and location of
thernmocouples applied to each casting, or to each heat
treatinent batch of castings, shall be prepared and
made|available to the purchaser. In addition, all heat treat-
ment|temperatures and cycle times for the final austeni-
tizing and tempering heat treatment, and any subsequent
subcriitical heat treatment, shall be shown on the certifi-
cation report.

(c)| The hardness of the cast material after the final heat
treatment (including PWHT) shall be Brinell hardness
numMber 185 to 248 or Rockwell B90 to C25. Hardness
testing shall be in accordance with Supplementary
Requjrement S13 of ASTM A217 or ASTM A1091, as
appli¢able.

125

(a)| Weld repairs to castings shallbe:made with one of
the fdllowing welding processes and-consumables:

.1.3 Weld Repair Requirements

croOTH 7%

(c) All weld repairs shall be recorded withyfespect to
their location on the casting. For all majoxrweld fepairs, as
defined in ASTM A217, para. 9.4 or ASTM A1p91, para.
10.3.4, as applicable, the record shall include a description
of the length, width, and (depth of th¢ repair.
Supplementary Requirement/S12 of ASTM A703 shall
apply. For weld repairs performed as part of material
manufacture, the documentation shall be inclfided with
the Material Test Report. For weld repairs gerformed
on components {or boiler external pipinlg by the
Manufacturer, decumentation shall be inclyded with
the Manufagtuter's Data Report.

125.1.4<0verheating Requirements. If, during the
manufacturing, any portion of the component| is heated
to a temperature greater than 1,470°F (80Q°C), then
the component shall be reaustenitized and rdtempered
in its entirety in accordance with para. 125.1/2, or that
portion of the component heated abovel 1,470°F
(800°C), including the heat-affected zone cfeated by
the local heating, shall be replaced or|shall be
removed, reaustenitized, retempered, and then replaced
in the component.

125.1.5 Certification Requirements. A manyfacturer's
test report meeting certification requirements of ASTM
A703 shall be provided.

71
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Chapter IV
Dimensional Requirements

126 MATERIAL SPECIFICATIONS AND
STANDARDS FOR STANDARD AND
NONSTANDARD PIPING COMPONENTS

126.1 St

Dimenj
comply W
Table 126

ndard Piping Components

ions of standard piping components shall
ith the standards and specifications listed in
.1-1 in accordance with para. 100.

126.2 Nonstandard Piping Components

When n|

onstandard piping components are designed in

accordange with para. 104, adherence to dimensional

standards

of ANSI and ASME is strongly recommended

when prafticable.

126.3 Referenced Documents

The documents listed in Table 126.1-1-may cd
references to codes, standards, or specification
listed in this Table. Such unlisted codes, standar
specifications are to be used only~in_the context
listed documents in which they appear.

ntain
S not
s, or
bf the

Where documents listed in~able 126.1-1 contain

design rules that are in(enflict with this Cod
design rules of this Codeshall govern.

The fabrication, assembly, examination, inspectio
testing requiremefits of Chapters V and VI apply
construction of piping systems. These requirer
are not applicdble to piping components manufad
in accordance with the documents listed in
126.1-1.unless specifically so stated.

b, the

h, and
o the
hents
tured

Table
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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
Seamless and Welded Pipe
5L Line Pipe
570 Piping Inspection Code: In-service Inspection, Rating, Repair, and Alteration of Piping Systems, Third Edifion
ASCE Standard
ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other Structures
ASME Codes & Standards
ASME Boiler and Pressure Vessel Code
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 Cast Iron Pipe Flanges and Flanged Fittings — 25,125, 250 & 800 Classes
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
B16.1 Face-to-Face and End-to-End/Dimiensions of Valves
B16.11 Forged Fittings, Socket-Welding and Threaded
B16.14 Ferrous Pipe Plugs, Bushings, and Locknuts With Pipe Threads
B16.1H Cast Bronze Threaded Fittings, Classes 125 and 250
B16.1 Cast Copper Alloy~Solder-Joint Pressure Fittings
B16.2 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
B16.2¢ Cast Copper Alloy Fittings for Flared Copper Tubes
B16.3¢# Valves — Flanged, Threaded, and Welding End
B16.42 Ductile Iron Pipe Flanges and Flanged Fittings — Classes 150 and 300
B16.4% targeDtameter-Steet-Flanges
B16.48 Steel Line Blanks
B16.50 Wrought Copper and Copper Alloy Braze-Joint 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)
B18.22M Washers, Metric Plain
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Table 126.1-1 Specifications and Standards (Cont’d)

Designator

Title

B18.22.1 [Note (2)]
B31.3
B31.4
B31.8
B31E

ASME Codes & Standards (Cont’d)
Plain Washers
Process Piping
Pipeline Transportation Systems for Liquid Hydrocarbons and Other Liquids
Gas Transmission and Distribution Piping Systems

B31J

B31T
B36.10M
B36.19M
TDP-1

Bolts, Nutq, and Studs

A193/A193M
A194/A194M
A307
A320/A32(M
A354
A437/A437M
A449
A453/A453M

Castings
A47/A47M
A48/A48M
A126
A197/A197%
A216/A214
A217/A217%
A278/A279
A351/A351
A389/A389
A395/A395
A536
A1091/A1(91M

T2 EER

Standard for the Seismic nncign and-Retrofit of Above-Ground Diping chfpmc

Stress Intensification Factors (i-Factors), Flexibility Factors (k-Factors), and Their Determination for Metallic\}iping
Components

Standard Toughness Requirements for Piping
Welded and Seamless Wrought Steel Pipe
Stainless Steel Pipe

Recommended Practices for the Prevention of Water Damage to Steam Turbines Used for Electric Power Generafion —
Fossil Fueled Plants

ASTM Ferrous Material Specifications

Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature Service

Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-Témperature Service

Carbon Steel Bolts and Studs, 60,000 psi Tensile Strength

Alloy-Steel Bolting Materials for Low-Temperature Service

Quenched and Tempered Alloy Steel Bolts, Studs and Qther Externally-Threaded Fasteners

Stainless and Alloy-Steel Turbine-Type Bolting Material Specially Heat Treated for High Temperature Service
Hex Cap Screws, Bolts, and Studs, Steel, Heat Treated

High-Temperature Bolting Materials, With Expansion Coefficients Comparable to Austenitic Steels

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)
Steel Castings, Austenitic, for High-Temperature Service

Steel\Castings, Alloy, Specially Heat-Treated for Pressure-Containing Parts Suitable for High-Temperature Service
Ferritic Ductile Iron Pressure-Retaining Castings for Use at Elevated Temperatures
Dfctile Iron Castings

Steel Castings, Creep-Strength Enhanced Ferritic Alloy, for Pressure-Containing Parts, Suitable for High Tempefrature
Service

Forgings

A105/A105M
A181/A181M
A182/A182M
A336/A336M
A350/A350M
A965/A965M

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 Parts for High-Temperature Service
Alloy Steel Forgings for Pressure and High-Temperature Parts

Carbon and Low-Alloy Steel Forgings Requiring Notch Toughness Testing for Piping

Steel Forgings, Austenitic, for Pressure and High Temperature Parts
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Table 126.1-1 Specifications and Standards (Cont’d)

Designator Title
ASTM Ferrous Material Specifications (Cont’d)

Cast Pipe
A377 Standard Index of Specifications for Ductile Iron Pressure Pipe
A426/A426M Centrifugally Cast Ferritic Alloy Steel Pipe for High-Temperature Service
A451/A451M Centrifugally Cast Austenitic Steel Pipe for High-Temperature Service
Seamless Pipe and Tube
A1064A106M Seamless Carbon Steel Pipe for High-Temperature Service
A1794A179M Seamless Cold-Drawn Low-Carbon Steel Heat-Exchanger and Condenser Tubes
A192/A192M Seamless Carbon Steel Boiler Tubes for High-Pressure Service
A2104A210M Seamless Medium-Carbon Steel Boiler and Superheater Tubes
A213/A213M Seamless Ferritic and Austenitic Alloy-Steel Boiler, Superheater, and Heat-Exchanger Tubes
A3354A335M Seamless Ferritic Alloy Steel Pipe for High-Temperature Service
A369/A369M Carbon and Ferritic Alloy Steel Forged and Bored Pipe for High-Temperaturée.Service
A376A376M Seamless Austenitic Steel Pipe for High-Temperature Central-Station Service
Seamless and Welded Pipe and Tube
A53/453M Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded and Seamless
A2684A268M Seamless and Welded Ferritic and Martensitic Stainless Steel, Tubing for General Service
A3124A312M Seamless and Welded and Heavily Cold Worked Austenitic-Stainless Steel Pipe
A333/A333M Seamless and Welded Steel Pipe for Low-Temperature/Service
A4504A450M General Requirements for Carbon and Low Alloy Steel Tubes
A530/4A530M General Requirements for Specialized Carbon-and Alloy Steel Pipe
A714 High-Strength Low-Alloy Welded and Seamless Steel Pipe
A789/A789M Standard Specification for Seamless and Welded Ferritic/Austenitic Stainless Steel Tubing for General Sefvice
A790/A790M Standard Specification for Seamlessiand Welded Ferritic/Austenitic Stainless Steel Pipe
Weld¢d Pipe and Tube
A134 Pipe, Steel, Electric-Fusion, (Arc)-Welded (Sizes NPS 16 and Over)
A1354A135M Electric-Resistance-Welded Steel Pipe
A139,/A139M Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Over)
A178/A178M Electric-Resistance-Welded Carbon and Carbon-Manganese Steel Boiler and Superheater Tubes
A214/A214M Electric;Resistance-Welded Carbon Steel Heat-Exchanger and Condenser Tubes
A249 ) A249M Welded AUstenitic Steel Boiler, Superheater, Heat-Exchanger, and Condenser Tubes
A254 Copper Brazed Steel Tubing
A358,A358M Electric-Fusion-Welded Austenitic Chromium-Nickel Stainless Steel Pipe for High-Temperature Service
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 Electric-Fusion-Welded Steel Pipe for Atmospheric and Lower Temperatures
A672 i i : Stres
A691 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 Temperature 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
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Table 126.1-1 Specifications and Standards (Cont’d)

Designator Title

ASTM Ferrous Material Specifications (Cont'd)
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 Plates

A285/A285M Pressure Vessel Plates, Carbon Steel, Low- and Intermediate-Tensile Strength

A299/A299M Pressure Vessel Plates, Carbon Steel Manganese-Silicon

A387/A387M Pressure Vessel Plates, Alloy Steel, Chromium-Molybdenum

A515/A519M Pressure Vessel Plates, Carbon Steel for Intermediate- and Higher-Temperature Service

A516/A514M Pressure Vessel Plates, Carbon Steel, for Moderate- and Lower-Temperature Service

Rods, Bars, and Shapes

A276/A27M 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/A564M Hot-Rolled and Cold-Finished Age-Hardening Stainless Steel Bars and Shapes
A575 Steel Bars, Carbon, Merchant Quality, M-Grades

A576 Steel Bars, Carbon, Hot-Wrought, Special Quality

Structural [Components

A36/A36M Structural Steel
A125 Steel Springs, Helical, Heat Treated
A229/A229M Steel Wire, Oil-Tempered for Mechanical Springs
A242/A244M High-Strength Low Alloy Structural Steel
A992/A994M Structural Steel Shapes
ASTM Nonfefrous 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-Bfonze Sand Castings
B367 Titaniumsanid Titanium Alloy Castings
B584 CoppemAlloy Sand Castings for General Applications
Forgings
B247 & B2#7M Aluminum and Aluminum-Alloy Die, Hand, and Rolled Ring Forgings
B283 Copper and Copper-Alloy Die Forgings (Hot Pressed)
B381 Titanium and Titanium Alloy Forgings
B462 Forged or Rolled UNSN06030,N06022,N06035,N06200,N06059,N10362,N06686, N08020, N08024,N08026,N08367,

N10276, N10665, N10675, N10629, N08031, and N06045 Pipe Flanges, Forged Fittings, and Valves and Parts for
Corrosive High-Temperature Service

B564 Nickel Alloy Forgings

Seamless Pipe and Tube

B42 Seamless Copper Pipe, Standard Sizes
B43 Seamless Red Brass Pipe, Standard Sizes
B68 & B68M Seamless Copper Tube, Bright Annealed
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Table 126.1-1 Specifications and Standards (Cont’d)

Designator Title
ASTM Nonferrous Material Specifications (Cont’d)

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) Condenser and Heat-Exchanger Tubes

B165 Nickel-Copper Alloy (UNS N04400) Seamless Pipe and Tube

B167 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)
Seamless Pipe and Tube

B210 & B210M Aluminum and Aluminum Alloy Drawn Seamless Tubes

B234 R B234M Aluminum and Aluminum-Alloy Drawn Seamless Tubes for Condensers and Heat Exchangers

B241/B241M Aluminum and Aluminum-Alloy Seamless Pipe and Seamless Extruded Tube

B251 R B251M General Requirements for Wrought Seamless Copper and Copper-Alloy Tube

B280 Seamless Copper Tube for Air 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 arld Tube

B466/B466M Seamless Copper-Nickel Pipe and Tube

B622 Seamless Nickel and Nickel-Cobalt Alloy Pipe and Tube

B677 UNS N08925, UNS N08354, and UNS N08926 Seamiless Pipe and Tube

B690 Iron-Nickel-Chromium-Molybdenum Alloys (UNSIN08366 and UNS N08367) Seamless Pipe and Tube

B729 Seamless UNS N08020, UNS N08026, and UNS/N08024 Nickel-Alloy Pipe and Tube

B861 Titanium and Titanium Alloy Seamless Ripe

Seamless and Welded Pipe and Tube

B338 Seamless and Welded Titaniimjand Titanium Alloy Tubes for Condensers and Heat Exchangers

B444 Nickel-Chromium-Molybdenum-Columbium Alloy (UNS N06625 and UNS N06852) and Nickel-Chromium-M¢lybdenum-
Silicon Alloy (UNS_NQ6219) Pipe and Tube

Weld¢d Pipe and Tube

B464 Welded (UNS\N08020, N08024, and N08026) Alloy Pipe

B467 Welded<Copper-Nickel Pipe

B468 Welded\(UNS N08020, N08024, and N08026) Alloy Tubes

B546 Electric Fusion-Welded Ni-Cr-Co-Mo Alloy (UNS N06617), 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

B547/B547M Aluminum and Aluminum-Alloy Formed and Arc-Welded Round Tube

B608 Welded Copper-Alloy Pipe

B619 Welded Nickel and Nickel-Cobalt Alloy Pipe

B626 WetdedNickelandNicket-Cobalt-AtoyTFube

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
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Table 126.1-1 Specifications and Standards (Cont’d)

Designator Title
ASTM Nonferrous Material Specifications (Cont’d)

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); Il!ickel-
Chromium-Cobalt-Molybdenum Alloy (UNS N06617), and Nickel-Iron-Chromium-Tungsten Alloy (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-Molybdenum-Columbium Alloy (UNS N06625) and Nickel-Chfomium-Molybdenum-Silicon Alloy (UNS
N06219) Plate, Sheet, and Strip

B463 UNS N08020 Alloy Plate, Sheet, and Strip

B575 Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon Nickel-Chremium-Molybdenum-Copper, Low-Carbon Nickel-
Chromium-Molybdenum-Tantalum, and Low-Carbon Nickel-Chfomium-Molybdenum-Tungsten Alloy Plate, Shegt, and
Strip

B625 UNS N08925, UNS N08031, UNS N08932, UNS N08926, UNS)N08354, and UNS R20033 Plate, Sheet, and Strip

B688 Chromium-Nickel-Molybdenum-Iron (UNS N08366 and " UNS N08367) Plate, Sheet, and Strip

Rods, Bars, and Shapes

B150/B15(M 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 (UNSNQ6600, 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 Titanium and Titanium, Alloy Bars and Billets

B408 Nickel-Iron-Chromiuni Alloy Rod and Bar

B425 Ni-Fe-Cr-Mo-Gu,Alloy (UNS N08825, UNS N08221, and UNS N06845) Rod and Bar

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

B473 UNS(N08020, UNS N08024, and UNS N08026 Nickel Alloy Bar and Wire

B572 UNSN06002, UNS N06230, UNS N12160, and UNS R30556 Rod

B574 Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon Nickel-Molybdenum-Chromium-Tantalum, Low-Carbdn
Nickel-Chromium-Molybdenum-Copper, and Low-Carbon Nickel-Chromium-Molybdenum-Tungsten Alloy Rod

B649 Ni-Fe-Cr-Mo-Cu-N Low-Carbon Alloys (UNS N08925, UNS N08031, UNS N08354, and UNS N08926), Cr-Ni-Fe-N Low-
Carbon Altoy (UNSRZ20033) Bar and WiTE, and NI-CI-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 Copper Alloy Tube and Fittings
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Table 126.1-1 Specifications and Standards (Cont’d)

Designator Title
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 to 4%-in. [51 to 114-mm]) Steel Castings
E280 Standard Reference Radiographs for Heavy-Walled (4% to 12.in 4 to 305-mml) Steel Castings
E446 Standard Reference Radiographs for Steel Castings Up to 2 in. [51 mm] in Thickness
AWS Specifications
A3.0 Standard Welding Terms and Definitions
D10.1p Recommended 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 1200 mm), for Water and Oth¢r Liquids
C111/A21.11 Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings
C115/A21.15 Flanged Ductile-Iron Pipe With Threaded Flanges
C150/A21.50 Thickness Design of Ductile-Iron Pipe
C151)A21.51 Ductile-Iron Pipe, Centrifugally Cast, for Water
C153/A21.53 Ductile-Iron CompactFittings, 3 in. Through 24 in. (76 mm Through 610 mm) and 54 in. Through 64 in. (1,400 nhm Through

1,600 mm), for Water Service
C200 Steel Water Pipe—6 in. (150 mm) and Larger
C207 Steel Pipe Flanges for Waterworks Service<Sizes 4 in. Through 144 in. (100 mm Through 3,600 mm)
C208 Dimensions for Fabricated Steel Water Ripe’ Fittings
C300 Reinforced Concrete Pressure Pipe, Steel-Cylinder Type, for Water and Other Liquids (Includes Addendum|{C300a-93.)
C301 Prestressed Concrete Pressure Pipe;*Steel-Cylinder Type, for Water and Other Liquids
C302 Reinforced Concrete Pressuré 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 [Note (1)] Rubber Seated Butterfly Valves
C509 Resilient-Seated Gate Valves for Water Supply Service
€600 Installationf ofy Ductile-Iron Water Mains and Their Appurtenances
C606 Groovedvand Shouldered Joints

Expansion Joint Manufacturers Association, Inc.
Standards of the Expansion Joint Manufacturers Association, Inc.
FCI Standard
79-1-2009 Proof of Pressure Ratings for Pressure Regulators
MSS Standard Practices

SP-6 Standard Finishes for Contact Faces of Pipe Flanges and Connecting-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 (1)] Corrosion Resistant Gate, Globe, Angle and Check 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 Flanges and Cast Flanged Fittings
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Designator Title
MSS Standard Practices (Cont’d)
SP-53 Quality Standard for Steel Castings and Forgings for Valves, Flanges, and Fittings and Other Piping Components —
Magnetic Particle Examination Method
SP-54 Quality Standard for Steel Castings for Valves, Flanges, and Fittings and Other Piping Components — Radiographic
Examination Method
SP-55 Quality Standard for Steel Castings for Valves, Flanges, and Fittings and Other Piping Components — Visual Method for
Evaluation ol surface Irregularities
SP-58 Pipe Hangers and Supports — Materials, Design, Manufacture, Selection, Application, and Installation
SP-61 Pressure Testing of Valves
SP-67 [Note (1)] 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 Comp¢nents
— 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:(€lass 125, 150, and 300
National Fire Codes
NFPA 85 Boiler and Combustion Systems Hazards Code
NFPA 1963 Standard for Fire Hose Connections
PFI Standards
ES-16 Access Holes and Plugs for Radiographic Inspection of Pipe Welds
ES-24 Pipe Bending Methods,*Tolerances, Process and Material Requirements
GENERAL NOTES:
(a) For boiler external piping application, see para. 123.2.2.
(b) Forall dther piping, materjalsiconforming to an ASME SA or SB specification may be used interchangeably with material specified to any ASTM
A or B ppecification of th&{same number listed in Table 126.1-1.
(c) Theapgroved year of issue of the specifications and standards is not given in this Table. This information is given in Mandatory Appenflix F of
this Codle.
(d) The ad{iresses andvphone numbers of organizations whose specifications and standards are listed in this Table are given at the|end of
Mandatjory Appendix F.
NOTES:

(1) See para. 107.1(d) for valve stem retention requirements.
(2) ANSI B18.22.1 is nonmetric.
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Chapter V
Fabrication, Assembly, and Erection

127 WELDING

127.1] General

Pipjing 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.

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 filleriameétal 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 mininium specified tensile strength of
the baise metals beihg-joined.

(b)] If base metals.of different tensile strengths are to be
joined, the noniinal 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 shfall be that
recommended by the manufacturerof the npnferrous
metal or by industry associations for that metal.

(g) Filler metals not meetifigythe requiremgnts of (a)
through (f) may be acceptéd by agreement befween the
fabricator/erector and_the‘designer. Exampleq of condi-
tions where this mayapply include (but may notfbe limited
to) where unusualgndterials or combinations of materials
are used; wheré highly corrosive environments may
require a morxe electrochemically noble wgld metal;
where disSimilar materials are welded; or where it is
desiredto achieve a weld with different mechanical prop-
erties'than the base material.

127.2.2 Backing Rings. Backing rings, when [ised, 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 welded 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 safisfactory
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
nonferrous or nonmetallic materials may bg used for
backing provided they are included in a WPS a§ required
in para. 127.5. Nonmetallic or nonfusing rings shall be

shall be similar to the nominal chemical analysis of the
base metal, including consideration of both major and
essential minor alloying elements [e.g., 2Y4,% 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 below for auste-
nitic steels joined to ferritic steels.

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.

127.3 Preparation for Welding
(a) End Preparation
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Figure 127.3-1 Butt Welding of Piping Components With
Internal Misalignment

0 A\

T— 1161n. (2.0 mm) or less

(e) Socket Weld Assembly. In assembly of the joint
before welding, the pipe or tube shall be inserted into
the socket to the maximum depth and then withdrawn
approximately %4 in. (2.0 mm) away from contact
between the end of the pipe and the shoulder of the
socket (see Figure 127.4.4-2 and Figure 127.4.4-3). In
sleeve-type joints without internal shoulder, there shall
be a distance of approximately ¢ in. (2.0 mm)
between the butting ends of the pipe or tube.

¥ 30 deg
57 max.

'

Radiys = 0.05¢,,
Gredter than /4gin. (2.0 mm)

(1) Qxygen or arc cutting is acceptable only if the cut
is reasonably 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 any other end preparation
that meets the WPS are acceptable.

(3) I piping component ends are bored, such boring
shall not|result in the finished wall thickness, after
welding, [less than the minimum design thickness.
Where nefessary, weld metal of the appropriate analysis
may be de¢posited on the inside or outside of the piping
component to provide sufficient material for machiningto
ensure safisfactory fitting of rings.

(4) Ifthe piping component ends are upset, they may
be bored to allow for a completely recessed‘backing ring,
provided the remaining net thickness of thefinished ends
is not lesg than the minimum design(thickness.

(b) Cldaning. Surfaces for welding-shall be clean and
shall be friee from paint, oil, rust, scale, or other material
that is defrimental to welding,

(c) Alignment. The inside diameters of piping compo-
nents to be butt weldedrshall be aligned as accurately as is
practicable within Xisting commercial tolerances on
diameterfs, wall #hicknesses, and out-of-roundness.
Alignment shallbe preserved during welding. The internal
misalignment ofthe ends to be joined shall not exceed Ve

i ) unless-the pinina-desian-specificallvstatesa
in. (2.0 meunlessthe piping designspecifically statesa

Thefithetweenthesocketandthepipeshalleenfgrm to
applicable standards for socket weld fittings and in'np case
shall the inside diameter of the socket or sleeve'exceed the
outside diameter of the pipe or tube by more than 0.080 in.

(2.0 mm).

127.4 Procedure
127.4.1 General

(a) Qualification of the<WPS to be used, and ¢f the
performance of welders dnd operators, is required, and
shall comply with the requirements of para. 127.5

(b) No weldingshall 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 thatlis the
same as or equivalent to the electrode and WPS to be¢ 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
that have cracked shall be removed.

(d) CAUTION: Arc strikes outside the area df the
intended weld should be avoided on any base mefal.

127.4.2 Girth Butt Welds

(a) Girth butt welds shall be complete penetijation
welds and shall be made with a single vee, doublg vee,
or other suitable type of groove, with or without
backing rings or consumable inserts. The depth ¢f the
weld measured between the inside surface of thel weld
preparation and the outside surface of the pipe|shall
not be less than the minimum thickness requirgd by
Chapter II for the particular size and wall of pipe jused.

(b) To avoid abrupt transitions in the contour pf the
finished weld, the requirements of (1) through (4)

different allowable misalignment.

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.

shall be met.

(1) When components with different outside
diameters or wall thicknesses are welded together, the
welding end of the component with the larger outside
diameter shall fall within the envelope defined by solid
lines in Figure 127.4.2-1. The weld shall form a
gradual transition not exceeding a slope of 30 deg
from the smaller to the larger diameter component.
This condition may be met by adding welding filler
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Figure 127.4.2-1 Welding End Transition — Maximum Envelope

1 .
I2tm (min.) 11/,t,, (min.)
Outside
|— Radius of at least 0.05t,,
45 deg max. / Radius not mandatory
30 deg max. See Note (2)
\
\
\“ \\\l\
Component or fitting 4/\\
See Note (1) \
\

Radius of at least 0:05¢,,

2t 5min.)

Inside |

Transition region

GENEHRAL NOTES:

(a) THe value of t,, is whichevet ofl the following is applicable:
(1) as defined in para. 104.1.2(a)

(2) the minimum ordered\wall thickness of the cylindrical welding end of a component or fitting (or the thinner of the two) whe

betwegn two components
(b) THe maximum envelope is defined by solid lines.

NOTEY:
(1) WEld is shown' for illustration only.

(2) THe weld. transition and weld reinforcement shall comply with paras. 127.4.2(b) and (c)(2) and may be outside the maximu

(3) THe maximum thickness at the end of the component is

(a the greater of [t 4+ 016 in (4 mm)l or 115+ when grdered on a minimum-wall basis
=3 o7 T 7T ™

Maximum — See Not
Minimum — 1.0 t,,

e (3)

h the joint is

In envelope.

(b) the greater of [t,, + 0.16 in. (4 mm)] or 1.10t,, when ordered on a nominal wall basis

83


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

material, if necessary, beyond what would otherwise be
the edge of the weld.

(2) 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
surface of the weld and the surface of either of the compo-
nents shallnotbelessthan 150 deg. Refer to para. 119.3(b)
for additional concerns related to this design.

(3) When weldlng pipe to pipe, the surface of the

weld Shull nnnnnnnnnn wm—be—flush—with—the—outer

102.4.7-1), any welding using the SAW process shall
use a flux with a basicity index = 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.

Fillet welds may vary from convex to concave. The size
of afillet weld is determined as shown in Figure 127.4.4-1.
Typical minimum fillet weld details for slip-on flanges and

surface off the pipe, except as permitted in (4).

(4) Hor welds made without the addition of filler
metal, cdncavity shall be limited to %, in. (1 mm)
below the outside surface of the pipe, but shall not
encroach upon minimum required thickness.

(c) As-welded surfaces are permitted; however, the
surface of welds shall be sufficiently free from coarse
ripples, grooves, overlaps, abrupt ridges, and valleys to
meet the following:

(1) The surface condition of the finished welds shall
be suitable for the proper interpretation of radiographic
and othert nondestructive examinations when nondes-
tructive examinations are required by Table 136.4.1-1.
In those ¢ases where there is a question regarding the
surface cdndition on the interpretation of a radiographic
film, the film shall be compared to the actual weld surface
for interpyetation and determination of acceptability.

(2) Reinforcements are permitted in accordance
with Table 127.4.2-1.

(3) Undercut on the surface of girth butt welds shall
not exceedl %, in. (1.0 mm) and shall not encroach on the
minimum|required section thickness.

(4) If the surface of the weld requires grinding to
meet the pbove criteria, care shall be taken to avoid re-
ducing thle weld or base material belowsthe minimum
required thickness.

(5) (oncavity on the root side of’a single welded
circumferpntial butt weld is permitted when the resulting
thickness pfthe weld is atleastequal to the thickness of the
thinner member of the two_sections being joined and the
contour of the concavityds-smooth without sharp edges.
The internal conditionfof)the root surface of a girth weld,
which haq been exaniined by radiography, is acceptable
only wher] there i$agradual change in the density, as indi-
cated in the radiograph. If a girth weld is not designated to
be examirled by radiography, a visual examination may be

socket-welding components are shown in Figure 12/7.4.4-
2 and Figure 127.4.4-3.

127.4.5 Seal Welds. Where seal welding| of thr
joints is performed, threads shall be entirely co
by the seal weld. Seal welding shall be done by quz
welders.

baded
vered
lified

127.4.8 Welded Branch Connections

(a) Welded branch connections shall be made with full
penetration welds, excépt as allowed in para. 127.4.8(f).
Figures 127.4.8-1,/1274.8-2, and 127.4.8-3 show typical
details of branch¢onnections with and without added re-
inforcement. No attempt has been made to show all ac-
ceptable types of construction and the fact that a certain
type of construction is illustrated does not indicate that it
is recominended over other types not illustrated.

(b)-Figure 127.4.8-4 shows basic types of weld aftach-
ments used in the fabrication of branch connections. The
location and minimum size of these attachment welds
shall conform to the requirements of para. 12[7.4.8.
Welds shall be calculated in accordance with |para.
104.3.1 but shall not be less than the sizes shoywn in
Figure 127.4.8-4.

The notations and symbols used in this paragraph,
Figure 127.4.8-4, and Figure 127.4.8-5 are as follgws:

t. = the smaller of % in. (6.0 mm) or 0.7t,,
tmin = the smaller of t,; or t,,
t,p, = nominal thickness of branch wall, in. (mm)
t,n = nominal thickness of header wall, in. (mm)
t,» = nominal thickness of reinforcing element (ring

or saddle), in. (mm)

made
erun

(c) Figure 127.4.8-6 shows branch connections
by welding half couplings or adapters directly to th
pipe.

Figure 127.4.8-5 shows branch connections using peci-

performed at welds that are readily accessible.

127.4.3 Longitudinal Butt Welds. Longitudinal butt
welds not covered by the applicable material specifica-
tions listed in Table 126.1-1 shall meet the requirements
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 Code, 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
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fically reinforced branch outlet fittings welded directly to
the run pipe. These branch connection fittings, half
couplings, or adapters, which abut the outside surface
of the run wall, or which 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 penetration groove welds except as other-
wise permitted in (f).
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Table 127.4.2-1 Reinforcement of Girth and Longitudinal Butt Welds

Maximum Thickness of Reinforcement
for Design Temperature

>750°F <750°F

Thickness of Base Metal, (400°C) (400°C)

in. (mm) in. mm in. mm

Up to Y% (3.0), incl. e 2.0 %2 2.5
Over % to %, (3.0 to 5.0), incl. Y6 2.0 Y% 3.0
Over %6 to % (5.0 to 13.0), incl. e 2.0 o 4.0
Over } p T0 I (13.0 to 25.0J, Incl. 32 Z5 6 5.
Over 1|to 2 (25.0 to 50.0), incl. Y 3.0 A 6!
Over 2{ (50.0) Y2 4.0 See Note (1) See Nofe (2)

GENERAL NOTES:

(a) Fdrdouble-sided groove welds, this limitation on reinforcement given above shall apply separately to both inside and outside sulrfaces of the

joint.

(b)

G
(d
(e)

NOTEY:

WEId reinforcement may be removed if so desired.

(1) THe greater of %, in. or % times the width of the weld in inches.

(2) THe greater of 6 mm or Y% times the width of the weld in millimeters.

The¢ full penetration groove welds shall be finished with
coverfillet welds and meet the requirements of para. 104.
The cpver fillet welds shall have a minimum throat dimen-
sion rjot less than that shown in Figure 127.4.8-5 or Figure
127.48-6, as applicable.

(d)| In branch connections having reinforcement-pads

or saddles, the reinforcement shall be attached by welds at
the opter edge and at the branch periphery as follows:
7) Ifthe weld joining the added reinforcementto the
brandh is a full penetration groove weld;.it'shall be finished
with @ cover fillet weld having a minithum throat dimen-
sion 1ot less than ¢,; the weld at the.duter edge, joining the
added reinforcement to the run,shall be a fillet weld with a
minithum throat dimensien“of 0.5t,,.
) Ifthe weld joiningthe added reinforcement to the
brandh is a fillet weld).the throat dimension shall not be
less than 0.7¢t;,. The ‘weld at the outer edge joining the
outer|reinforceffient to the run shall also be a fillet weld
with f minirhtim throat dimension of 0.5¢,,.

(e)| When'rings or saddles are used, a vent hole shall be
provifled~(at the side and not at the crotch) in the ring or

Fdr single-sided groove welds with backing strips or bars that remain in place, the limitation on reinforcemenfgiven above shalllapply to the
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.

THe thickness of weld reinforcement shall be based on the thickness of the thinner of the matefijals being joined.

THe weld reinforcement thicknesses shall be determined from the higher of the abutting surfaces involved.

ide surface;

(f) Branch connections NPS 2 (DN 50) and srhaller that
do not require reinforcements (see para. 104.8) may be
constructed as shown in Figure 127.4.8-7. The groove
welds shall be finished with cover fillet welds with a
minimum throat dimension not less than that shown
in Figure 127.4.8-7. This construction shall ngt be used
at design temperatures greater than 750°F (400°C) nor
at design pressures greater than 1,025 psi (7 [L00 kPa).

127.4.9 Attachment Welds. Structural attachments
may be made by complete penetration, partial penetra-
tion, or fillet welds.

Low-energy capacitor discharge welding mdy be used
for welding temporary attachments (e.g., thermocouples)
and permanent nonstructural attachments without
preheat above 50°F (10°C) or subsequent [postweld
heat treatment on P-No. 1 through P-No. 5B pnd P-No.
15E materials, provided that the following requirements
are met:

(a) A Welding Procedure Specification is prepared,
describing the low-energy capacitor discharge egquipment,
the comhination of materials to he joined, and the tech-

saddleTo reveal leakage In the weld between branch and
main run and to provide venting during welding and heat
treating operations. Rings or saddles may be made in more
than one piece if the joints between the pieces have
strength equivalent to ring or saddle parent metal and
if each piece is provided with a vent hole. A good fit
shall be provided between reinforcing rings or saddles
and the parts to which they are attached.
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nique of application; qualification of the welding proce-
dure is not required.

(b) The energy output of the welding process is limited
to 125 W-sec.

(c) ForP-No.5A, P-No. 5B, and P-No. 15E materials, the
maximum carbon content of the material is 0.15%.

(d) After temporary attachments are removed, the
areas shall be examined in accordance with para. 136.4.
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Figure 127.4.4-1 Fillet Weld Size

Size of
weld

!

49\> \{\ Theoretical throat

Size of

(a) Convex Equal Leg
Fillet Weld

j_

Leg
I(ingth

9\)<_Leg

(c) Convex Unequal Leg
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 describédusing both leg lengths and their location on the members to be joinefl.

Theoretical throat—J< Leg ‘,‘ {
Iengthﬂl‘\F 0T length

weld

(b) Concave Equal Leg
Fillet Weld

length
i

(d) Concave Unequal Leg
Fillet Weld

(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) Foran dqualleg fillet weld where the angle g between 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.bebased 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 not be Jéss than the minimum distance through the weld.

127.4.10 Heat Treatment. Preheat and postweld heat
treatment] for welds shall be in‘accordance with para. 131
or 132 as ppplicable except as exempted in para. 127.4.9.

127.4.11 Repair Welding

(a) Defect Remaqval. All defects in welds or base mate-
rials requiiring-sepair shall be removed by flame or arc
gouging, grinding, chipping, or machining. Preheating

(b) Repair Welds. Repair welds shall be made in gccor-
dance with a WPS using qualified welders or wglding
operators (see para. 127.5), recognizing that the ¢avity
to be repair welded may differ in contour and dimegnsion
from a normaljoint preparation and may present different
restraint conditions. The types, extent, and methgds of
examination shall be in accordance with Table 13/6.4.1-
1. For repairs to welds, the minimum examinfation

may be required for flame or arc gouging on certain
alloy materials of the air hardening type in order to
prevent surface checking or cracking adjacent to the
flame or arc gouged surface. When a defect is removed
but welding repair is unnecessary, the surface shall be
contoured to eliminate any sharp notches or corners.
The contoured surface shall be reinspected by the
same means originally used for locating the defect.

strattbethesame method tirat Teveated thedefect in
the original weld. For repairs to base material, the
minimum examination shall be the same as required
for butt welds.

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.
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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

Xmin
Xmin

Xmln

r min

A <

e

\

Xmin
Xmin

=

e

Xmin

NOTEY:

(a) Front and Back Weld
[See Notes (1) and (2)]

t,or 1, in. (6.0 mm),
whichever is smaller

nominal pipe wall thickness
1.4t, or thickness of the hub, whichever is smaller

(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.

Figurp 127.4.4-3 Minimum Welding Dimensions Required
for Socket Welding Components Other Than Flanges

t, = nominal pipe wall thickness

Cx '%—
C, (min.) = 1.09t,, or the thickness

of the socket wall,
whichever is smaller

Approximately /46 in. (2.0 mm)
_[ before \Wwelding

=F

N\

Certain materials listed in Mandatory Appendix A do not
appear im ASME BPVC, Section IX P-Number groups.

this Code for nonboiler external piping only without sepa-
rate qualification as if they were listed in ASME BPVC,

e these materlals have been aSSIgned P-Numbers

Section IX.

127.5.2 Welding Responsibility. Each employer (see
para. 100.2) shall be responsible for the welding
performed by his/her organization and the performance
of welders or welding operators employed by that
organization.
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(b) Face and Back Weld
[See Notes (1) and (2)]

Approximartely 7qg Im.
(2.0 mm) before weldinig

(c) Socket Welding Flange
[See Notes){2) and (3)]

Figure 127.4.8-1 Typical Welded Branch Copnection

Without Additional Reinforcement

A
/

Figure 127.4.8-2 Typical Welded Branch Conneftion With

Additional Reinforcement

N

i
4

A
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Figure 127.4.8-3 Typical Welded Angular Branch Connection Without Additional Reinforcement

127.5.3| Qualification Responsibility

(a) Progedures. Each employer shall be responsible for
qualifying any WPS that he/she intends to have used by
personne| of his/her organization. However, to avoid
duplicatipn of effort, and subject to approval of the
owner, a| WPS qualified by a technically competent
group or hgency may be used

(1) if the group or agency qualifying the WPS meets
all of the|procedure qualification requirements of this
Code

(2) if the fabricator accepts the WPS thus qualified

(3) if the user of the WPS has qualified at least one
welder uding the WPS

(4) if the user of the WPS assumes specific respont
sibility for the procedure qualification work done for him/
her by signing the records required by para. 127:6

All four of the above conditions shall be metbefore 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 him/her.

However, to avoid duplication"of effort, he/she may
accept a|Welder/Welding{ Operator Performance
Qualificafion (WPQ) made\by a previous employer
(subject tp the approval.ef the owner or his/her agent)
on piping using the ‘same or an equivalent procedure
wherein the essential variables are within the limits estab-
lished in ASME<BPVC, Section IX. An employer accepting
such qualificafion tests by a previous employer shall
obtain a topy of the original WPQ, showing the name

127.5.4 Standard Welding Procedure Specifications.
Standard Welding Procedure\Specifications published
by the American WeldingZSociety and listed in ASME
BPVC, Section IX, Mandatory Appendix E are permitted
for Code construction within the limitations established
by ASME BPVC, Section IX, Article V.

127.6 Welding Records

The employer shall maintain a record (WPS apd/or
WPQ)-signed by him/her, and available to the purdhaser
or his/her agent and the inspector, of the WPSs used and
the welders and/or welding operators employed byl him/
her, showing the date and results of procedure and pgrfor-
mance qualification.

The WPQ shall also show the identification symbol
assigned to the welder or welding operator employed
by him/her, and the employer shall use this symbol to
identify the welding performed by the welder or
welding operator. This may be accomplished by the pppli-
cation of the symbol on the weld joint in a manner §peci-
fied by the employer. Alternatively, the employer| shall
maintain records that identify the weld(s) made by the
welder or welding operator.

128 BRAZING AND SOLDERING

128.1 General

128.1.1 The brazing processes that are to belused
under this part of the Code shall meet all the test require-

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
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.

mrents of ASME BPVE—Sectiomr 1%
128.1.2 Soldering. Solderers shall follow the proce-
dure in ASTM B828, Standard Practice for Making

Capillary Joints by Soldering of Copper and Copper
Alloy Tube and Fittings.

128.2 Materials

128.2.1 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
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Figure 127.4.8-4 Some Acceptable Types of Welded
Branch Attachment Details Showing Minimum
Acceptable Welds

o [

77

4

flux or controlled atmosphere, shall wet and adhere to the

surfaces to be joined.

128.2.2 Flux. A flux thatis fluid and chemically active at

brazing or soldering temperature shall be used
essary to eliminate oxidation of the filler met

when nec-
al and the

surfaces to be joined, and to promote free flow of the

brazing alloy or solder.

128.3 Preparation

J{/ANE]

0.7t

min

128.3.1 Surface Preparation. The surfacesto

or soldered shall be clean and free from-grea

paint, scale, dirt, or other material thatis de

be brazed
be, oxides,
trimental

to brazing. A suitable chemical or mechanical cleaning

method shall be used if necessary to provid

wettable surface.

128.3.2 Joint Clearance. The clearance
surfaces to be joined/by-brazing or solderin

no larger than is necessary to allow completg

distribution of the‘brazing alloy or solder.

128.4 Procedure
128.4.1 ‘General

(a)\Qualification of the brazing procedures
and-of the performance of the brazer and braz
ters is required and shall comply with the requit
para. 128.5.

e a clean

between
o shall be
capillary

o be used
ng opera-
ements of

(b) No brazing shall be done if there is impingement of
rain, snow, sleet, or high wind on the area to be brazed.

128.4.2 Heating. To minimize oxidation, the
be brought to brazing or soldering temperature
a time as possible without localized underh
overheating.

joint shall
nasshort
eating or

128.4.3 Flux Removal. Residual flux shall b¢ removed

if detrimental.

128.5 Brazing Qualification

128.5.1 General. The qualification of th
procedure and of the performance of brd
brazing operators shall be in accordance with th
ments of ASME BPVC, Section IX, Part QB, excep
fied herein.

128.5.2 Brazing Responsibility. Each emp

e brazing
zers and
erequire-
t as modi-

oyer (see

(e)

GENERAL NOTE: Weld dimensions may be larger than the minimum
values shown here.
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para. 100.2) shall be responsible for the brazing
performed by his/her organization and the performance
of brazers or brazing operators employed by that

organization.

128.5.3 Qualification Responsibility

(a) Procedures. Each employer shall be responsible for

qualifying any Brazing Procedure Specification

(BPS) that

he/she intends to have used by personnel of his/her orga-

nization. However, to avoid duplication of e

ffort, and
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Figure 127.4.8-5 Some Acceptable Details for Integrally Reinforced Outlet Fittings

€ branch

Manufacturer's

> weld line
'/% . t [Note (1)]
% M\?Vr;lﬂizi:rt]zrer's % [Note (4)] ¢7% Cover weld
/ [Note (1)] 51 % / [Note (3)]
% < \ /Run pipe
Bore may be straight %

Ko Angle [Note (2)] or tapered as shown

t

: Cover weld
[Note (2)]

[Note (3)]

(1) Transverse View

(a) 90 deg Branch Fitting

Crotch area

\(_ 7
I >\ [Note'(2)

(2) Longitudinal View

Cover weld top
[Note (2)] [Note (4)]
Manufacturer's \\\
| weld line M ¢
[Note (1)] anufacturer's
< > weld line
5 § to [Note (1)]
o H Cover weld [Note (4)]
5 B
o / [Note (3)] Cover weld
| [Notes (2), (3)]
, \: Angle
% [Noté @i :. [Note (2)]
Heel area
\
\
(1) Transverse View

(b) Elbow Branch Fitting

(2) Longitudinal View

\ Elbow

Manufacturer's Manufacturer's
. Id li thb weld line
7 Manufacturer's meote I(q()a] [Note (4)] [Note (1)]
4 weld line
-g, I [Note (1)] Crotch area // Heel area
(0]
S Cover weld\ Cover weld
v Anglé [Note (2)] (Note (3)] DMK Yy [Notes (2), (3
— \
Cover weld ) // Xz %)
| [Note (3)] t, $/
t, [Note (2)] > |, .
[Note (2)] [Note (4)]

(1) Transverse View

(c) Lateral Branch Fitting
GENERAL NOTES:

(a) Welds shall be in accordance with para. 127.4.8(c).

(2) Longitudinal View
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Figure 127.4.8-5 Some Acceptable Details for Integrally Reinforced Outlet Fittings (Cont’d)

GENERAL NOTES (Cont'd):

(b) Weld attachmentdetails 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 factorsasrequired 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 bevel on the

branch fitting adjacent to the run pipe.

(2) THeminimum cover weld throat thickness, &, applies when the angle between the branch Htting groove weld face and the run pipe surface is
legs than 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

transition to nothing.
(3) Cgver 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 of'the branch fitting. When
tn4 in the crotch area does not equal t,,;, in the heel area, the thicker of the two shall govern in determining the heat treatment inf accordance

with para. 132.4, and in determining the nondestructive examination in accordance with Table 136.4.1-1.

Figurp 127.4.8-6 Typical Full Penetration Weld Branch Connections for NPS 3 (DN 80).and Smaller Half Copiplings or

Socket-welding or

m\

Cover fillet weld

3/16 ip. (5.0 mm) min.

N

. e

Per WPS

(a) Branch Connection Using ASME B16.11
Forged Steel Socket-Welding-or
Threaded Half Coupling [See,Note (1)]

NOTE:
subjeft to approval of the\0wner, a BPS qualified by a tech-

nically competent gtoup or agency may be used
7) if the group/or agency qualifying the procedures

Adapters

threaded half coupling

Full penetration
Id
/ groove we weld
Header or run pipe _\

33640, (5 mm) min.

(1) Refer to para. 104.3.16€)(2) for branch connections not requiring reinforcement calculations.

Socket-welding
threaded adapger

=

Full pengtration
groové weld

\m\

Cover fillet

Header of run
pipe

Bore after welding

(b) Branch Connection Using Forged Steel Socket-Welding or

Threaded Adapter for Pressure and Temperature Conditions

Greater Than Permitted for ASME B16.11 Forged Steg¢l Fittings

(b) Brazers and Brazing Operators. Each employer shall
be responsible for qualifying all the brazers anjd brazing
operators employed by him/her.

employer

meets all of the procedure qualification requirements of However, to avoid duplication of effort, hg/she may

this Jode accept a Brazer/Brazing Operator Performance
?) ifthe fabricator accepts the procedure thus Qualification (BPQ) made by a previous

qualified (subject to the approval of the owner or his/lher agent)

(3) if the user of the procedure has qualified at least
one brazer using the BPS

(4) if the user of the procedure assumes specific
responsibility for the procedure qualification work
done by him/her by signing the records required by
para. 128.6

All four of the above conditions shall be met before a

procedure thus qualified may be used.

on piping using the same or an equivalent procedure
wherein the essential variables are within the limits estab-
lished in ASME BPVC, Section IX. An employer accepting
such qualification tests by a previous employer shall
obtain a copy (from the previous employer) of the
BPQ, showing the name of the employer by whom the
brazers or brazing operators were qualified, the dates
of such qualification, and the date the brazer last
brazed pressure piping components under such qualifica-
tion. The employer shall then prepare and sign the record
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Figure 127.4.8-7 Typical Partial Penetration Weld Branch Connection for NPS 2 (DN 50) and Smaller Fittings

Socket-welding or
/ threaded fitting

—

—
pr—
—

Cover fillet weld —\

Header or run pipe

316 IN. (5.0 mm) min. )’

/ Partial penetration
/ groove weld

required |n para. 128.6 accepting responsibility for the
ability of the brazer or brazing operator.

128.6 Brazing Records

The employer shall maintain a record signed by him/
herand avfailable to the purchaser or his/her agentand the
inspector, showing the date and results of procedure and
performance qualification.

The BPQ shall also show the identification symbol
assigned [to the brazer or brazing operator employed
by him/hgr, and the employer shall use this symbol to
identify [the brazing performed by the brazer, or
brazing operator. This may be accomplished by the appli-
cation of the symbol on the braze joint in a manner'speci-
fied by the employer. Alternatively, the employer shall
maintain frecords that identify the brazesjoint(s) made
by the brazer or brazing operator.

Table 129.3.1-1 Approximate Lower Critical

N\

~——1t, [see para. 104.3.1(c)(2)]

129 BENDING AND FORMING
129.1 Bending

Pipe may be berit by any hot or cold method and o any
radius that will resultin a bend surface free of cracks} Such
bends shallmeet the design requirements of para. 102.4.5
with regard to minimum wall thickness. Where limjits on
flattening and buckling are not specified by design, ap 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 withoyit the
approval of the designer.

The use of bends designed as creased or corrugated is
not prohibited.

129.2 Forming

Piping components may be formed (swedging, lapping,
or upsetting of pipe ends, extrusion of necks, etc.) iy any
suitable hot or cold working method, provided|such
processes result in formed surfaces that are unjform
and free of cracks or other defects, as determinpd by
method of inspection specified in the design.

129.3 Heat Treatment of Bends and Formed
Components

Temperatures

Approximate

Lower Critical

Temperature,

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)
1%,Cr-%Mo (P-No. 4, Group No. 1) 1,430 (775)
2%,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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I129.3'T Except for creep strength enhanced ferritic
steels (P-No. 15E), hot bending or hot forming is
performed at a temperature equal to or above T —
100°F (56°C), where T is the lower critical temperature
of the material. Cold bending or cold forming is performed
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. 15E), hot
bending or hot forming is performed at a temperature
equal to or above 1,300°F (705°C). Cold bending or
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cold forming is performed at a temperature below 1,300°F
(705°Q).

129.3.2 A postbending or postforming heat treatment
atthe time and temperature cycles listed for postweld heat
treatmentin Table 132.1.1-1isrequired on all carbon steel
(P-No. 1) materials with a nominal wall thickness in excess
0f0.75in. (19.0 mm) unless the bending or forming opera-
tions are performed and completed at temperatures of
1,650°F (900°C) or greater.

% strain = 100r,3/R

where
R = centerline radius of bend
R = mean radius after forming

R, = original mean radius (equal to infinity for a flat
plate)

= nominal outside radius of pipe or tube

nominal thickness of the plate, pipe, or tube

before forming

129.3.3 A postforming or postbending heat treatment
as defined below is required for all ferritic 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. (12.7 mm) 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 or cold forming is performed, a heat
treatinent 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. 1|5E) subject to forming or bending shall be heat
treated in accordance with the following rules. When
the njaterial is cold formed or cold bent, cold forming
straips shall be calculated in accordance with para.
129.314.1 or para. 129.3.4.2.

(a)| If hot bending or hot forming is performed, and for
all cgld swages, flares, or upsets, normalizing.and
tempgring of the material is required in ac¢ordance
with the requirements in the base material specification.

(b)| If cold bending or cold forming is performed, the
matelrial shall be heat treated astlisted in Table
129.3(3.1-1.

129.3.3.2 For materials with'less than or equal to 5%
strain or design temperatures\ess than 1,000°F (540°C),
heat freatment is neither-required nor prohibited.

129.3.4 Postbendingor postforming heat treatment of
austepitic materials-and nickel alloys shall be performed
as follows:

129.3.4.1.Cold-formed areas of components manu-
factured of-austenitic materials and nickel alloys shall be
heat qreated after forming if they exceed both the design

129.3.4.2 When forming strains cannotbe calculated
as shown in para. 129.3.4.1, the manufacturer shall have
the responsibility to determine théexmaximurh forming
strain.

129.3.4.3 For flares, swages, or upsets, ljeat treat-
ment in accordance with,Table 129.3.4.1-1 shall apply,
regardless of the amount of strain, unless thg finishing
forming temperature$ equal to or greater| than the
minimum heat treatment temperature fof a given
grade or UNS,number material, provided the¢ require-
ments of para,~129.3.4.5 are met.

129.314.4 Heat treatment, in accordance yith Table
129.3.441-1, shall not be required if the finishirlg forming
temperature is equal to or greater than the minimum heat
trfeatment temperature for a given grade or UNS number
material, provided the requirements of para. 12p.3.4.5 are
met.

attreated
129.3.4.1-
or for 10

129.3.4.5 The piping components being he
shall be held at the temperatures given in Table
1 for 20 min/in. (20 min/25 mm) of thickness
min, whichever is greater.

129.3.4.6 Postbending or postforming Heat treat-
ment of materials not identified in Table 129)3.4.1-1 is
neither required nor prohibited. If a postbending or post-
forming heat treatment is to be performed, th¢ designer
shall fully describe the procedure to be used.

129.3.5 For ASTM A335P36and ASTM A182 F36, after
either cold bending to strains in excess of 5% ¢r any hot
bending of this material, the full length of the cpmponent
shall be heat treated in accordance with the reqpiirements
specified in the material specification.

129.3.6 Postbending or postforming heat tr¢atment of

other materials is neither vnquirad nor prr\hﬂblted If a

temperatures and forming strains shown in Table
129.3.4.1-1. Forming strains shall be calculated as follows:
(a) For cylinders formed from plate

% strain = SOtn/Rf(l - Rf/Rg)

(b) For spherical or dished heads formed from plate
9% strain = 75tn/Rf(1 - Rf/Rg)

(c) For tube and pipe bends

93

postbending or postforming heat treatment is to be
performed, the designer shall fully describe the procedure
to be used.
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(18) Table 129.3.3.1-1 Post Cold-Forming Strain Limits and Heat-Treatment Requirements for Creep-Strength Enhanced

Ferritic Steels

Limitations in Lower Temperature Range Limitationsin Higher Temperature Range

For Design Temperature

For Design Required Heat Treatment
But Less Than Temperature When Design
Exceeding or Equal to Exceeding Temperature

UNS And Forming And Forming and Forming Strain Limits
Grade Number °F °C °F °C Strains °F °C Strains Are Exceeded

91 K9p96+—H666——S540—H115—660—=25% 115 606 20% Normmatize—amd-temper
[Note (1)]
1,000 540 1,115 600 >5% to <25% 1,115 600 >5% to <20% Postbend heat treatnpent

[Notes (2), (3), an

i (4)]

GENERAL NOTE: The limits shown are for pipe and tube formed from plates, spherical or dished heads formed from plate, and tube anjd pipe

bends. The
NOTES:

(1) Normaljzation and tempering shall be performed in accordance with the requirements in the base material§pecification, and shall
perfornmed locally. The material shall either be heat treated in its entirety, or the cold-strained area (includinigthe transition to the uns
portion{ shall be cut away from the balance of the tube or component and heat treated separately or'replaced.

(2) Postbe

Alternal

forming strain limits tabulated in this Table shall be divided by two if para. 129.3.4.2 is applied.

d heat treatments shall be performed at 1,350°F to 1,425°F (730°C to 775°C) for 1 hr/in, (1 h/25 mm) or 30 min mir
ively, a normalization and temper in accordance with the requirements in the base material specification may be perfo

not be
rained

imum.
med.

(3) For materials with greater than 5% strain butless than or equal to 25% strain, with design temipératures less than or equal to 1,115°F (¢00°C),

ifaportjon of the componentis heated above the heat-treatment temperature allowed aboVve, one of the following actions shall be perf

(a) The c

(b) For BEP piping only, the allowable stress shall be that for Grade 9 material (i.e., SA-213'T9, SA-335 P9, or equivalent product specification
design tempgrature, provided that the portion of the component that was heated to a ténipéerature exceeding the maximum holding temper

subjected to

the Manufadturer’s Data Report.

(4) Ifalon

following welding. This normalizing and tempering shall not be performed locally.

mponent in its entirety must be renormalized and tempered.

h final heat treatment within the temperature range and for the time requiyed in Note (2) above. The use of this provision shall be n

bitudinal weld is made to a portion of the material that is cold strained, that portion shall be normalized and tempered prid

rmed:
) at the
ture is

ted on

r to or
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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,

(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(a).

131.4 Preheat Temperature

131.4.1 The minimum preheat temperature shall be as
stated in Table 131.4.1-1.

Section IX. 131.4.2 Higher minimum preheat temperatures may
. be required by the WPS or by the designer.
130.2 Alternate Pipe Supports au y y &
Special hangers, supports, anchors, and guides, not ~ 131.6 Interruption of Welding
defined as standard types of hanger components in 131.6.1 After welding commences, the minimum
MSS $P-58, shall be welded in accordance with the re-  ,.cheat temperature shall bé*maintained juntil any
quirements of para. 127 (para. 132 is not applicable required PWHT is performed<h P-Nos. 3, 4, [5A, 5B, 6,

t as required by the weld procedure used) and
rted in accordance with the requirements of para.
2.

exceq]
inspe
136.4

130.3 Pipe Support Welds

Wellds attaching hangers, supports, guides, and anchors
to the piping system shall conform to the requirements of
Chapters V and VI of this Code.

131 WELDING PREHEAT

131.

The preheat requirements listed herein are mandatory
minimum values.

Th¢ base metal temperature for the parts to be'welded
shall be at or above the minimum temperature specified in
Tablel131.4.1-1 in all directions from the point of welding
for a distance of the larger of 3 in. (75 mm}) or 1.5 times the
greater nominal thickness (as defined in para. 132.4.3).

Th¢ base metal temperature for'tack welds shall be at or
above the specified minimum temperature for a distance
not less than 1 in. (25 mm)-in.all directions from the point
of welding.

Minimum Preheat Requirements

131.7 Different P~-Number Materials

When weldihg\two different P-Number materials, the
minitnum preheat temperature required shall be the
highdr témperature for the material to be welded as
showh in Table 131.4.1-1.

and 15E, except when all<of the following donditions
are satisfied:

(a) A minimum of-atleast % in. (10 mm) thiickness of
weld is deposited.or 25% of the welding grooye is filled,
whichever isAdess’(the weldment shall be sufficiently
supported tO prevent overstressing the weld if{the weld-
ment is te/be moved or otherwise loaded). Caution is
advised.that the surface condition prior tp cooling
should*be smooth and free of sharp discontinfities.

(b) For P-Nos. 3, 4, and 5A materials (with a thromium
content of 3.0% maximum), the weld is allowgd to cool
slowly to room temperature.

(c) ForP-No.5B (with achromium content greater than
3.0%), P-No. 6, and P-No. 15E materials, the weld is
subjected to an adequate intermediate heat freatment
with a controlled rate of cooling. The preheat temperature
may be reduced to 200°F (95°C) (minimum) for the
purpose of root examination without performinig an inter-
mediate heat treatment.

(d) After cooling and before welding is resuned, visual
examination of the weld shall be performed to assure that
no cracks have formed.

(e) Required preheat shall be applied before
resumed.

131.6.2 Intermediate heat treatment for P{No. 5B or
15E materials may be omitted entirely when using
low-hydrogen electrodes and filler metals classified by
the filler metal specification with an optional supple-
mental diffusible-hydrogen designator of H4| or lower

welding is

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.

95

and-suitably controftedby mattemranceprocedures to
avoid contamination by hydrogen-producing sources.
The surface of the base metal prepared for welding
shall be free of contaminants.


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

(18)  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 Minimum Heat-
Treatment
Temperature When
Design Temperature
And For Design And and Forming Strain
Temperature Limits Are Exceeded

Limitations in Higher
For Design Temperature Temperature Range

But Less Than

. Forming . Forming

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 30400 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1,040
304H 30409 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1d40
304N 30451 1,075 580 1,250 675 15% 1,250 675 10% 1,900 1440
309S 30908 1,075 580 1,250 675 20% 1,250 675 10% 2,000 1q95
310H 31009 1,075 580 1,250 675 20% 1,250 675 10% 2,000 1495
310S 31008 1,075 580 1,250 675 20% 1,250 675 10% 2,000 1d95
316 31600 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1d40
316H 31609 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1440
316N 31651 1,075 580 1,250 675 15% 1,250 675 10% 1,900 1J40
321 32100 1,000 540 1,250 675 15% [Note (3)] 1,250 675 10% 1,900 140
321H 32109 1,000 540 1,250 675 15% [Note (3)] 1,250 675 10% 2,000 1d95
347 34700 1,000 540 1,250 675 15% 1,250 675 10% 1,900 1040
347H 34709 1,000 540 1,250 675 15% 1,250 675 10% 2,000 1495
348 34800 1,000 540 1,250 675 15% 1,250 675 10% 1,900 1440
348H 34809 1,000 540 1,250 675 15% 1,250 675 10% 2,000 1d95
600 06600 1,075 580 1,200 650 20% 1,200 650 10% 1,900 1440
617 06617 1,200 650 1,400 760 15% 1,400 760 10% 2,100 1150
690 06690 1,075 580 1,200 650 20% 1,200 650 10% 1,900 1J40
800 08800 1,100 595 1,250 675 15% 1,250 675 10% 1,800 980
800H 3108810 1,100 595 1,250 675 15% 1,250 675 10% 2,050 1120

30815 1,075 580 1,250 675 15% 1,250 675 10% 1,920 1450

06022 1,075 580 1,250 675 15% 2,050 1120
GENERAL NOTE: The limits shown are-fer pipe and tube formed from plates, spherical or dished heads formed from plate, and pipe arfd tube
bends. Wheh the forming strains cannot be calculated as shown in para. 129.3.4.1, the forming strain limits shall be half those tabulated|in this
Table (see para. 129.3.4.2).
NOTES:
(1) Rate of]cooling frofi heat-treatment temperature not subject to specific control limits.
(2) While hinimumyhi€at-treatment temperatures are specified, it is recommended that the heat-treatment temperature range be limited to
150°F ([85°C)-abeve that minimum and 250°F (140°C) for 347, 347H, 348, and 348H.

(3) For sinfple bends of tubes or pipes whose outside diameter is less than 3.5 in. (89 mm), this limit is 20%.
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Table 131.4.1-1 Preheat Temperatures

Greater Material

Base Metal Base Metal Thickness Required Minimum Temperature
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 (2)] 50 10
>1 >25  %C > 0.30 [Note (2)] 200 95
3 Alloy steel <% <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) 400 200
5B Alloy steel All All SMTS < 60 ksi (414 MPa) 300 150
All All SMTS > 60 ksi (414 MP4) 400 200
>Y >13  %Cr > 6.0 [Note (2)] 400 200
6 Martensitic All All None 400 200
stainless steel [Note (3)] [Nbte (3)]
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 (4)] [Npte (4)]
15E 9Cr-1Mo-V CSEF All All None 400 200
steel
All pther materials None 50 10

GENERAL NOTE: SMTS = specified minimum tensile:strength.
NOTEY:

(1) P-Nos. and Group nos. from ASME BPVC, Section IX, QW/QB-422.
(2) Cqmposition may be based on ladle or-product analysis or per specification limits.

(3) Mgximum interpass temperature 600%E(315°C).

(4) Maintain interpass temperature between 300°F and 450°F (150°C and 230°C).

132 POSTWELD HEAT-TREATMENT

132.1 Minimum PWHT Requirements

132.1.1 Befofeapplying the detailed requirements and
exemptions inthese paragraphs, satisfactory qualification
of thg WPS.to be used shall be performed in accordance
with fheé»eSsential variables of ASME BPVC, Section IX,

the material P-Numbers and Group numberg of ASME
BPVC, Section IX, Table QW/QB-422. (Note that the P-
Nos. 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. Augtenitizing
PWHTs may be performed but are required to be
addressed within the qualified WPS.

including the conditions of postweld hieat treatment or
lack of postweld heat treatment and including other
restrictions listed below. Except as otherwise provided
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 tempera-
ture range specified in Table 132.1.1-1. (The range speci-
fiedin Table 132.1.1-1 may be modified by Table 132.1.1-2
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

I32.1.2 Pressure part welds and attachment welds
using ferritic filler metals that have a specified chromium
content of more than 3% shall receive a postweld heat
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 ASTM A335P36 and ASTM A182 F36, post-
weld heat treatment is mandatory under all conditions.
Postweld heat treatment shall be in accordance with
Table 132.1.3-1.
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Table 132.1.1-1 Postweld Heat Treatment

P-Number and Group Number Minimum Holding Time at Temperature for Control
(ASME BPV Code, Thickness [Note (2)]
Section IX, Holding Temperature Range,
QW/QB-420) °F (°C) [Note (1)] <2 in. (50 mm) >2 in. (50 mm)
P-No. 1, Groups 1-3 1,100 to 1,200 (595 to 650) 1 hr/in. (25 mm), 2 hr plus 15 min for each
15 min minimum additional inch (25 mm)
over 2 in. (50 mm)
P-No. 3, Groups 1 and 2 1,100 to 1,200 (595 to 650)
P-No. 4, Groups 1 and 2 1200 to 1300 (650 ta 708)
P-No. 54, Gfoup 1 1,250 to 1,400 (675 to 760)
P-No. 5B, Gfoup 1 1,250 to 1,400 (675 to 760)
P-No. 6, Grqups 1-3 1,400 to 1,475 (760 to 800)
P-No. 7, Grqups 1 and 2 1,350 to 1,425 (730 to 775)
[Note (3)
P-No. 8, Grqups 1-4 PWHT not required unless
required by WPS
P-No. 94, Gfoup 1 1,100 to 1,200 (595 to 650)
P-No. 9B, Gfoup 1 1,100 to 1,175 (595 to 630)
P-No. 10H, froup 1 PWHT not required unless
required by WPS. If done, see
Note (4).
P-No. 101, roup 1 1,350 to 1,500 (730 to 815)
[Note (3)
P-No. 15E, ¢roup 1 1,300 to 1,425 (705 to 775) 1 hr/in. (25 mm), 1 hr/in. (25 mm) up to
[Note (5) [Notes (6), (7)] 30 min*minimum 5 in. (125 mm) plus
15 min for each
additional inch
(25 mm) over 5 in.
(125 mm)
All other mpterials PWHT as required by-WRS Per WPS Per WPS
GENERAL NOTE: The exemptions for mandatory PWHT are defined in Table 132.2-1.
NOTES:
(1) The holding temperature range is further defined in paras. 132.1.1 and 132.2.
(2) The control thickness is defined in paral 132.4.1.
(3) Cooling rate 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 embrittlément.
(4) IfPWHT is performed after bending, forming, or welding, it shall be within the following temperature ranges for the specific alloy, folloved by
rapid cpoling:
Alloys S3[1803 and S32205¢—-.1,870°F to 2,010°F (1 020°C to 1100°C)
Alloy S32[550 — 1,900°Ft0,2,050°F (1 040°C to 1 120°C)
Alloy S32750 — 1,880°E,to 2,060°F (1 025°C to 1125°C)
All otherd — 1,800¢F to 1,900°F (980°C to 1 040°C)
(5) See parja. 125¢L.2(c) for hardness requirements for ASTM A217, Grade C12A and A1091, Grade C91 castings after PWHT.
(6) The mipimum PWHT holding temperature may be 1,250°F (675°C) for nominal material thicknesses (see para. 132.4.3) <% in. (13 mm).
(7) The NiyMn/Content of the filler metal shall not exceed 1.2% unless specified by the designer, in which case the maximum temperatuie to be
reached during PWHT shall be the A; (Tower transformation or lower critical temperature] of the filler metal, as determined by analysis and

calculation or by test, butnot exceeding 1,470°F (800°C). If the 1,470°F (800°C) was not exceeded but the A, of the filler metal was exceeded or
if the composition of the filler metal is unknown, the weld must be removed and replaced. It shall then be rewelded with compliant filler metal
and subjected to a compliant PWHT. If the 1,470°F (800°C) limit was exceeded, the weld and the entire area affected by the PWHT will be

remove

d and, if reused, shall be renormalized and tempered prior to reinstallation.
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Table 132.1.1-2 Alternate Postweld Heat Treatment

Requirements for Carbon and Low Alloy Steels,
P-Nos. 1 and 3

Minimum Temperature,

Decrease in Specified Minimum Holding Time at

Decreased Temperature,

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:

le132.2-1

WHT (see
b reached

al compo-

50 (30) £C9 hr [Nozt e 1 (a) welds in nonferr-ous materials
100 (55) 4 (b) weldsexemptedinTable132.1.1-1orTab
(c) welds subject to temperatures above the lower

150 (85) [Note (2)] 10 critical temperature (see Table 129.3.1-1) during fabrica-
200 (310) [Note (2)] 20 tion provided the WPS has been qualified with.H
NOTESY: para. 132.1) at the temperature range.to.b
(1) Timesshown apply to thicknesses <1 in. (25 mm). Add 15 min/in. during fabrication

(2p mm) of thickness for control thicknesses >1 in. (25 mm) (see 132.3.2 The postweld heat treatient exerfiptions of

ara. 132.4). 3.

(2) II; ecrease >)100°F (55°C) below the minimum specified tempera- Table 132.2-1 may be based on thié-actual chemic

tufe is allowable only for P-No. 1, Groups 1 and 2 materials. sition as determined by a Jladlé or product analysis in

132.2 Mandatory PWHT Requirements

He
heati
and
temp

(a)
Tabld
exced

it treatment may be accomplished by a suitable
hg method that will provide the desired heating
ooling rates, the required metal temperature,
brature uniformity, and temperature control.

The upper limit of the PWHT temperature range in
132.1.1-1 is a recommended value that may be
ded provided the actual temperature does not

exceed the lower critical temperature of either material
(see Table 129.3.1-1).

(b)
by w
speci
temp

When parts of two different P-Numbers are joined
blding, the postweld heat treatment shall be that
fied for the material requiring the higher PWHT
brature. When a nonpressure part is welded to a

presqure part and PWHT is required for €ither part,

the nf
maxi

aximum PWHT temperature shall not/exceed the
mum temperature acceptable for the pressure

retaining part.

(¢

Caution is necessary to preelude metallurgical

damage to some materials or welds'not intended or qual-

ified {
use o

(d)

o withstand the PWHT temperatures required. The
[ material transition(joint designs may be required.
The designer may.\require PWHT even if not man-

datorly per Table 132:1:1-1 or Table 132.2-1.

accordance with the mafetrial specification

in lieu of

the specified or maximumspecified chemical composition

limits.

132.3.3 Thernmigcouples may be temporarily attached

directly to préssure-containing parts using the
discharge method of welding in accordance w
quirements of para. 127.4.9(a).

132.4" Definition of Thicknesses Controlli

132.4.1 The term control thicknesses as use
132.1.1-1, Table 132.2-1, and Notes is the lesser]
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 nonpressure-containing mg
pressure-containing material

132.4.2 Thickness of the weld, which is 3
determining the control thickness, is defined 3

capacitor
th the re-

ng PWHT

d in Table
thickness

t the weld
erial if the
terial to a

factor in
s follows:

(a) groove welds (girth and longitudinal) — the thicker

of the two abutting ends after weld preparation
L.D. machining

including

(b) fillet welds — the throat thickness of the weld

(c) partial penetration welds — the depth o
groove

(d) material repair welds — the depth of th
be repaired

(e) branch welds — the weld thickness is t

f the weld
P cavity to

he dimen-

sionexistinainthenlaneintersectinathe longaitt
t=] | o O

dinal axes

Table 132.1.3-1 Postweld Heat Treatment of P36/F36

Holding
Temperature,
Class °F (°C) Holding Time
1 1,100-1,200 2 in. (50 mm) and less thickness: 1 hr/in.
(595-650) (25 mm), 15 min minimum
Over 2 in. (50 mm): add 15 min for each
additional 1 in. (25 mm) of thickness
2 1,000-1,150 1 hr/in. (25 mm), 1/2 hr minimum
(540-620)

99

and is calculated as indicated for each detail using

t. = the smaller of ¥, in. (6 mm) or 0.7t

(1) for welds described in Figure 127.4.8-4:

Detail (a)
weld thickness = t,, + t,

Detail (b)

(18)
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Table 132.2-1 Exemptions to Mandatory Postweld Heat Treatment

P-Number and Group Number (ASME BPVC, Section Control Thickness, in.

IX, QW/QB-420) [Note (1)]

(mm) [Note (2)]

Type of Weld

Additional Limitations Required for Exemption From PWHT [Notes (3)-(5)]

P-No. 1, all Groups

P-No. 3, Groups 1 and 2

P-No. 4, Group 1

P-No. 54, Group 1

P-No. 5B, Group 1
P-No. 6, Groups 1-3

P-No. 7, Group 1

All

<% in. (16 mm)

<Fgin. (16 mm)

<% in. (16 mm),except
the thickness'of a
socket weld fitting
or flange need not‘be
considered

<% in. (16 mm)

<% in. (16 mm)

<% in. (16 mm), except
the thickness of a
socket weld fitting
or flange need not be
considered

<% in. (16 mm)

No exemptions to PWHT
All

All

All

All

Groove

Socket and fillet
welds

Seal #Welds and
non-ldad-
carrying
attachments
[Note (7)]

Groove

Socket and fillet
welds

Seal welds and
non-load-
carrying
attachments
[Note (7)]

All

All

A preheat of 200°F (95°C) is applied prior to welding on any nomin
Multiple layer welds are used when the nominal material thickne
See Note (6)

A preheat of 200°F (95°C) is applied prior to welding on any nominaj
Specified carbon content of the base materials <0.25%

Multiple layer welds are used when the nominal material thickne
See Note (6)

The mandatory preheat has been applied

Specified carbon content of the base materials <0.15%

Multiple layer welds are used when the nominal material thickne
See Note (6)

The mandatory preheat has been applied

The throat thickness of the fillet weld or the socket weld is <% i
Specified carbon content of the pipe material <0.15%

Nominal material thickness of the pipe <% in. (16 mm)

Multiple layer welds are used when the nominal material thickne
See Note (6)

The mandatory preheat has been applied
Multiple layer welds are used when the nominal material thickne
See Note (6)

The, mandatory preheat has been applied

Speécified carbon content of the base materials <0.15%
Multiplé)layer welds are used when the nominal material thickne
See Note(6)

The mandatory, preheat has been applied

The throat thicKness of the fillet weld or the socket weld is <% i
Specified carbon ebntent of the pipe material <0.15%

The nominal thickness of,the pipe is <% in. (16 mm)

Multiple layer welds aré*used when the nominal material thickne
See Note (6)

The mandatory preheat has beensapplied
Multiple layer welds are used whenthe nominal material thickne
See Note (6)

Specified carbon content of the base materials <0:08%

Nominal material thickness <% in. (10 mm)

The weld filler metal is A-No. 8, A-No. 9, or F-No. 43 composition|
See Note (8)

Specified carbon content of the base materials <0.08%

ks >¥6 in. (5 mm)

ks >V in. (5 mm)

ks >%,¢ in. (5 mm)

h. (13 mm)

ks >%,¢ in. (5 mm)

ks >V, in. (5 mm)

ks >%,¢ in. (5 mm)

. (13 mm)

5s >V, in. (5 mm)

ks >%,¢ in. (5 mm)

Nominal material thickness <%, in (10 mm)

The weld filler metal is A-No. 8, A-No. 9, or F-No. 43 composition
See Note (8)

I material thickness >1 in. (25 mm)

material thickness >% in. (16 mm)

810Z-T'1€d ANSV
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P-Number and Group Number (ASI\IIE BPV(, Section Control Thickness, in.

IX, QW/QB-420) [Note

€3]]

(mm) [Note (2)]

Type of Weld

Additional Limitations Required for Exemption Fron

h PWHT [Notes (3)-(5)]

P-No. 7, Group 2

No exemptions to PWHT

PWHT neither required nor prohibited

P-No. 8, all Groups All All
P-No. 94, Group 1 All All Specified carbon content of the pipe material <0.15%
Nominal material thickness <% in. (13 mm)
The mandatory preheat has been applied
P-No. 9B, Group 1 All All Nominal material thickness <% in. (16 mm) and the WPS has been qualified using a material of equal or
greater thickness than used in the production weld
P-No. 10H, Group 1 All All PWHT neither required nor prohibited
P-No. 101, Group 1 All All PWHT neither required nor prohibited for nominal material thicness <% in.
(13 mm)
P-No. 15E No exemptions to PWHT
NOTES:

(1) If differences with the P-Num|

(2) The control thickness is defin|

(3) The nominal material thickne|

(4) No exemptions are permitted

(5) Additional exemptions for wej

(6) Singlelayerorsingle passweld
met.

(7) Non-load-carrying attachments are defined as items where no pressure loads or significant méehanical loads are transmitted through the attachment td

material.
(8) The A-Nos. and F-Nos. are foy

ber listed in Mandatory Appendix A are found/,the P-Number listed in ASME BPVC, Section IX, Table QW/QB-422 appli¢
ed in para. 132.4.1.

bs is defined in para. 132.4.3.
for PWHTSs required by the designer or the WPS.
ds made in accordance with para. 127.4.9 may be taken-for the materials addressed.
5 may be exempted from PWHT, provided the WPS has been qualified using single pass welds with +10% heatinputand thatall d

nd in ASME BPVC, Section IX, Tables QW-442 and QW-432, respectivély,

g

ther conditions for exemption are

the pipe or pressure-containing

8T10Z-T'1€d ANSV
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weld thickness =t + t,

Detail (c)
weld thickness = greater of t,,, + t, or t,, + t,

the band heated to the specified temperature range shall
be atleast three times the wall thickness at the weld of the
thickest part being joined. For nozzle and attachment
weld, the width of the band heated to the specified
temperature range shall extend beyond the nozzle

Detail (d) weld or attachment weld on each side at least two
weld thickness = t,; + t,, + t. times the run pipe thickness and shall extend completely

around the run pipe. Guidance for the placement of ther-

Detail (e) mocouples on circumferential butt welds is provided in
—Wmmnwc—MMSA%eeéeﬂs%éraﬂd—%peeM—%;mée'ation

(2) for welds described in Figure 127.4.8-5:
weld thickness = t,, + t,

(3) fpr welds described in Figure 127.4.8-6 and
Figure 12[7.4.8-7:

weld thigkness = depth of groove weld + throat thickness

of cover fillet

132.4.3 The term nominal material thickness as used in
Table 132.2-1 is the thicker of the pressure-retaining
materials |being joined at the weld.

132.5 PWHT Heating and Cooling Requirements

Above $00°F (315°C), the rate of heating and cooling
shall not [exceed 600°F/hr (315°C/h) divided by one-
half the maximum thickness of material in inches at
the weld, [but in no case shall the rate exceed 600°F/hr
(315°C/h]. (See Table 132.1.1-1 for cooling rate require:
ments for| P-Nos. 7 and 101 materials.)

132.6 Fyrnace Heating

(a) Hedting an assembly in a furnace should be used
when praftical; however, the size or shape of the unit,
or the adverse effect of a desired heat’treatment on
one or mpre components where-dissimilar materials
are involyed, may dictate alteymative procedures such
as heating a section before@ssémbly, or by applying
local heatjng in accordance-with para. 132.7.

(b) An pssembly may.be postweld heat treated in more
than one leat in a furnace provided there is at least a 1 ft
(300 mm)|overlapofthe heated sections and the portion of
the assenibly outside the furnace is shielded so that the
temperatyre gradient is not harmful. This method may not
be used for(austenitizing heat treatments of ferritic

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 shall exceed the lower critical* temperature of
the material. Particular care must)be exercised when
the applicable PWHT temperatute is close to the material's
lower critical temperature,.Such as for P-No. 15E mate-
rials, or when materials.6f/different P-Nos. are peing
joined. This method may not be used for austenifizing
heat treatments.

133 STAMPING

Stampingif used, shall be performed by a methof that
will notresult in sharp discontinuities. In no casg shall
stamping infringe on the minimum wall thickngss or
result in dimpling or denting of the material peing
stamped.

CAUTIONARY NOTE: Detrimental effects can resulf from
stamping of material that will be in operation ynder
long-term creep or creep fatigue conditions.

135 ASSEMBLY
135.1 General

The assembly of the various piping comporents,
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 mjking
connections to equipment, such as pumps or turbines
or other piping components that are sensitive to ¢xter-

materials.

(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

nally induced loading, forcing the piping into alignment
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.
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Figure 135.5.3-1 Typical Threaded Joints Using Straight Threads

’Q\’_\‘§ o—T—Y QJ\/Q

! Gasket or ! ,

O-ring ZU?
Gasket orE
O-ring

L —_J

I

(a) (b) (c)

LAL NOTE: Threads are ASME B1.1 straight threads.

Bolted Flanged Connections
.3.1 Fit Up. All flanged joints shall be fitted up so

that the gasket contact surfaces bear uniformly on the

gask
unifo

135
flangg
accor
type

135
flang
asser

bt and then shall be made up with relatively
'm bolt stress.

.3.2 Gasket Compression. When bolting gasketed
joints, the gasket shall be properly compressed in
dance with the design principles applicable to the
bf gasket being used.

.3.3 Cast Iron to Steel Joints. Cast iron to Gteel
ed joints in accordance with para. 108.3\shall be
hbled with care to prevent damage to-the cast

iron flange.

135
that
throu|

135

.3.4 Bolt Engagement. All bolts:;shall be engaged so
here is visible evidence of (complete threading
ch the nut or threaded attachment.

.3.5 Nonmetallic LinedJoints. When assembling

nonnjetallic lined jointS,stch as plastic lined steel

pipe,
trical
requi

135.4

Caif

consideration sheuld be given to maintaining elec-
continuity between flanged pipe sections where
red.

| Packed’Joints and Caulked Joints

e shall be used to ensure adequate engagement of

joint

135.5 Threaded:Piping

135.5.1 Thread"Compound. Any compound
cant used _ih ‘threaded joints shall be suitab
service_cenditions, and shall be compatible
piping material and the service fluid.

135.5.2 Joints for Seal Welding. Threaded
are intended to be seal welded in accordance
127.4.5 should be made up without any thread c

135.5.3 Joints Using Straight Threads. Sq
using straight threads, with sealing at a surf
than threads, are shown in Figure 135.5.3-1.
be used to avoid distorting the seal when inc
such joints into piping assemblies by welding d

135.5.4 Backing Off. Backing off threaded
allow for alignment is prohibited.
135.6 Tubing Joints

135.6.1 Flared. The sealing surface shall
injurious defects before installation.

135.6.2 Flareless and Compression. Flay
compression joints shall be assembled in a
with manufacturer's recommendations.

135.7 Ductile Iron Bell End Piping

or lubri-
le for the
with the

oints that
with para.
pmpound.
me joints
ace other
Care shall
rporating
r brazing.

joints to

be free of

eless and
cordance

sl AL lead 1ot d & L 159
TCTHOCT S vy OCTCPatRC O JOTIItS ar c oSt tO—aoSOTOD

thermal expansion, proper clearance shall be provided at
the bottom of the sockets to permit movement.

103

Assembly of ductile iron pipe, using AN

I/AWWA

C111/A21.11 mechanical or push-on joints, shall

comply with AWWA C600.
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Chapter VI
Inspection, Examination, and Testing

136 INS"ECTION AND EXAMINATION

136.1 Inspection

136.1.1| General. Inspection is the responsibility of the
owner angl may be performed by employees of the owner
or a party|authorized by the owner, except for Authorized

Inspection required by para. 136.2.

136.1.2| Verification of Compliance. Prior to initial
operatior], a piping installation shall be inspected to
ensure that the piping has been constructed in accordance
with the design, material, fabrication, assembly, examina-
tion, and festing requirements of this Code.

(a) For] boiler external piping (BEP), the Authorized
Inspector|shall verify, in accordance with ASME BPVC,
Section I,|PG-90, compliance with the requirements of
this Code[when a Code stamp for BEP is to be applied.
The qualfity control system requirements of ASME
BPVC, Sedtion I, Nonmandatory Appendix A, A-301 and
A-302 shdll apply.

(b) For nonboiler external piping (NBEP), the owner
shall ensure that the design and construction documents
and the requirements of this Code have been €ohiplied
with in adcordance with the owner's requirements.

136.1.3
access to

Rights of Inspectors. Inspectors shall have
any place where work cehcerned with the
piping is peing performed. This includes manufacture,
fabricatiop, heat treatment, assembly, erection, examina-
tion, and testing of the piping<They shall have the right to
audit any|examination, to‘inspect the piping using any
appropridte examination<dnethod required by the engi-
neering d¢sign or this'€ode, and to review all certifications
and records necessary to satisfy the owner's responsi-

136.1.4

(1) have at least 10 yr of experience in thé)design,
manufacture, erection, fabrication, inspection; or exami-
nation of piping systems. Each year of satisfacforily
completed work toward an accredited engineering or
engineering technology degree shall be considered
equivalent to 1 yr of experience, 4pyto 5 yr total.

(2) have a professional ergineering registration or
nationally recognized equivalent with a minimum of 5
yr of experience in the design, manufacturing, erection,
fabrication, inspectiongorfexamination of piping sygtems.

(3) be a certifiéd Welding Inspector or a Senior
Certified Welding Inspector as defined in AWS QC1, or
a nationally re€cognized equivalent, with a minimyim of
5 yr of expetierice in the design, manufacturing, erdction,
fabricatién,.inspection, or examination of piping syqtems.

(4)7be an Authorized Piping Inspector as defied in
API*570, Piping Inspection Code: In-service Inspefction,
Rating, Repair, and Alteration of Piping Systems, with a
finimum of 5 yr of experience in the design, manufac-
turing, erection, fabrication, inspection, or examiration
of piping systems.

(c) In delegating the performance of inspections, the
owner is responsible for determining that a pergon to
whom an inspection function is delegated is qudlified
to perform that function.

136.2 Inspection and Qualification of Authotized

Inspector for Boiler External Piping

n and
with
ction
f the
s he/

136.2.1 Piping for which Authorized Inspectio
stamping is required as determined in accordancs
para. 100.1.2(a) shall be inspected during constrt
and after completion and at the option o
Authorized Inspector at such stages of the work 4

bility as sfated«n\para. 136.1.1. she may designate. For specific requirements sde the
) . , applicable parts of ASME BPVC, Section I, P(G-104
Qualifications of the Owner's Inspector through PG-113. Each manufacturer, fabricator, or afsem-

(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
company acting as the owner's agent. The Owner's
Inspector shall not represent nor be an employee of
the piping manufacturer, fabricator, or erector unless
the owner is also the manufacturer, fabricator, or erector.

(b) The Owner's Inspector shall meet one of the
following requirements:

104

bler is required to arrange for the services of Authorized
Inspectors.

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.

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.

(18)
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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,
ultrasonic, eddy current, liquid penetrant, and magnetic
particle methods. The degree of examination and the
acceptance standards beyond the requirements of this

comply with the applicable acceptance standards for indi-
cations as specified in paras. 136.4.2 through 136.4.6. As a
guide, the detection capabilities for the examination
method are shown in Table 136.4.1-2. Welds not requiring
examination (i.e., RT, UT, MT, or PT) by this Code or the
engineering design shall be judged acceptable if they meet
the examination 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

Code shall be a matter of prior agreement between the Ot unless
mandfacturer, fabricator, or erector and the owner.

136.3.2 Qualification of NDE Personnel. Personnel
who [perform nondestructive examination of welds
shall|be qualified and certified for each examination
methpd in accordance with a program established by
the employer of the personnel being certified, which
shall pe based on the following minimum requirements:

(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 weld defects. The length of time for such training shall
be sufficient to ensure adequate assimilation of the knowl-
edge [required.

(c)]an eye examination performed at least once each
year fo determine optical capability of NDE personnel
to perform the required examinations.

(d)] upon completion of (a) and (b), the NDE personnel
shall pe given a written examination and performance
exam|nation by the employer to determine if the NDEper-
sonngl are qualified to perform the required examinations
and ipterpretation 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 ¢gompleting the examination,ef.(d) and also passing
the visual examination of (c). Substantial changes in proce-
dureq or equipment shall require recertification of the
NDE personnel.

As an alternative to the preceding program, the require-
ment$ of ASME BPVE,/Section V, Article 1, T-120(e) or T-
120(f) may be used for the qualification of NDE personnel.
Persannel qualified to AWS QC1 may be used for the visual
exam|nation ‘of\welds provided they meet the annual eye
examjnation‘requirement of (c) and the J1 visual acuity
requirement of ASME BPVC, Section V, Article 9.

directed otherwise by engineering desigiy|Required
NDE for welds in all other materials may,be performed
before or after postweld heat treatment

136.4.2 Visual Examination. Visual examjnation as
defined in para. 100.2 shall beyperformed in afcordance
with the requirements describedin ASME BPVC/|Section V,
Article 9. Visual examinatiens may be conducte¢d, as nec-
essary, during the fabrieation and erection |of piping
components to provide verification that the design and
WPS requirements.are being met. In addition, vigual exam-
ination shall be performed to verify that all gompleted
welds in pipe)and piping components comply with the
acceptance standards specified in (a) or with the limita-
tions onimperfections specified in the material specifica-
tion, under which the pipe or component was furnished.

(d) Acceptance Standards. The following indications
are unacceptable:

(1) cracks — external surface.
(2) undercuton the surface thatis greater than %, in.
(1.0 mm) deep, or encroaches on the minimunp required
section thickness.
(3) undercut on the surface of longitudlinal butt
welds.
(4) weld reinforcement greater than specified in
Table 127.4.2-1.
(5) lack of fusion on surface.
(6) incomplete penetration (applies oply when
inside surface is readily accessible).
(7) any other linear indications greater than % in.
(5.0 mm) long.
(8) surface porosity with rounded indicati¢gns having
dimensions greater than % in. (5.0 mm) or foyr or more
rounded indications separated by % in. (2.0 mjm) or less
edge to edge in any direction. Rounded indications are
indications that are circular or elliptical with their
]pngfh less than three times their width

136.4 Examination Methods of Welds

136.4.1 Nondestructive Examination. Nondestructive
examinations shall be performed in accordance with the
requirements of this Chapter. The types and extent of man-
datory examinations for pressure welds and welds to
pressure retaining components are specified in Table
136.4.1-1. For welds other than those covered by
Table 136.4.1-1, only visual examination is required.
Welds requiring nondestructive examination shall

136.4.3 Magnetic Particle Examination. Whenever
required by this Chapter (see Table 136.4.1-1), magnetic
particle examination shall be performed in accordance
with the requirements of ASME BPVC, Section V,
Article 7.

(a) Evaluation of Indications

(1) Mechanical discontinuities at the surface will be
indicated by the retention of the examination medium. All
indications are not necessarily defects; however, certain
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Table 136.4.1-1 Mandatory Minimum Nondestructive Examinations for Pressure Welds or Welds to Pressure-Retaining Components

Type Weld

Piping Design Conditions and Nondestructive Examination

Temperatures Between 350°F (175°C) and 750°F (400°C)

Temperatures Over 750°F
(400°C) and at All Pressures

Inclusive, With All Pressures
Over 1,025 psig [7 100 kPa (gage)]

All Others

Butt welds (girth and longitudinal)
[Note (1)]

Welded branch connections (size
indicated is branch size)
[Notes (3), (4), and (5)]

Fillet, socket, attachment, and seal Welds

Volumetric examination (RT or UT) for over
NPS 2 (DN 50). MT or PT for NPS 2 (DN 50)
afid less [Note (2)]

Volumetric examination (RT or UT) for
over"NPS)4 (DN 100). MT or PT for NPS 4
(DN 100)/and less [Note (2)]

Volumetric examination (RT or UT) for over NPS 2 (DN 50)
with thickness over % in. (19.0 mm). VT for all sizes with th
%, in. (19.0 mm) or less

Volumetric examination (RT or UT) for branch over NPS 4 (DN
and thickness of branch over ¥, in. (19.0 mm)

MT or PT for branch NPS 4 (DN 100) and less with thickness o
branch over ¥ in. (19.0 mm)

VT for all sizes with branch thickness %, in. (19.0 mm) or less

PT or MT for all sizeS and thicknesses [Note (6)] VT for all sizes and thicknesses

Visual for all sizes

ckness and thicknesses

100) VT for all sizes

and thicknesses

VT for all sizes
and thicknesses

GENERAL NOTES:
(a) All welds shall be given a vis

al examination in addition to the type of specific nondestructive examination specified.

(b) NPS — nominal pipe size; DN — diameter nominal.

(c) RT — radiographic examinati
(d) For nondestructive examinati

bns of the pressure retaining component, refefo the standards listed in Table 126.1-1 or manufacturing specifications.

(e) Acceptance standards for nondestructive examinations performed are as follows;dMMT — see para. 136.4.3; PT — see para. 136.4.4; VT — see para. 136.4.2;

para. 136.4.6.
(f) Alllongitudinal welds and spir
examination (RT or UT) per f

NOTES:
(1) The thickness of butt welds i
(2) RT may be used as an alterng
(3) Volumetric examination (RT
(4) Inlieu of volumetric examinati
one-half of the weld thicknes
(5) Branch thickness is t,, as def]
(6) Filletwelds not exceeding %, in

he applicable material specification or in accordance with/para. 136.4.5 or 136.4.6.

defined as the thicker of the two abutting ends after end preparation.

tive to PT or MT when it is performed in accordance with para. ¥36)4.5.

r UT) of branch welds shall be performed before any nonintegral reinforcing material is applied.

pn (RT, UT) of welded branch connections when required above, surface exarhination (PT, MT) is acceptable and, when used,
or each % in. (12.5 mm) of weld thickness and all accessible final weld surfaces.

ned in para. 127.4.8, Figure 127.4.8-4, and Figure 127.4.8-5.

bn; UT — ultrasonic examination; MT — magnetic particle examination; PT — liquid penetrant examination; VT — visupl examination.

RT — see para. 136.4.5; UT — see

Iwelds in pipe intended for sustained operation in the ereep range (see paras. 104.1.1 and 123.4, and Table 102.4.7-1) must receive and pass a 100% volumetric

hall be performed at the lesser of

(6 mm) throat thickness which are used for the permanent attachment of nonpressure retaining parts are exempt from the PTlor MT requirements of this Table.

810Z-T'1€d ANSV
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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 inelusien X—Note—{23 X—Note—{23 X—Note—{23 X X
Lack df fusion (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
NOTEY:
(1) Applies when the outside surface is accessible for examination and/or when the inside surface is readily aecessible.

(2) Dikcontinuities are detectable when they are open to the surface.

(3) Applies only when the inside surface is readily accessible.

metal
variat
relev

lurgical discontinuities and magnetic permeability
ions may produce similar indications that are not
nt to the detection of unacceptable discontinuities.
?) Any indication that is believed to be nonrelevant
be reexamined to verify whether or notactual defects
are present. Surface conditioning may precede the reex-
amingtion. Nonrelevant indications that would mask indi-
cations of defects are unacceptable.

3) Relevant indications are those that result from
eptable mechanical discontinuities. Linear indica-
tions[are those indications in which the length is more
than three times the width. Rounded indications are indi-
cations that are circular or elliptical with the length less
than three times the width.

4) An indication of a discontinuity may.be larger
the discontinuity that causes it; however, the size
b indication and not the size of the‘discontinuity
basis of acceptance or rejection:

Acceptance Standards. Indications whose major
hsions are greater than/% in. (2.0 mm) shall be
Hered relevant. The following relevant indications
hacceptable:

1) any cracks ortlinear indications

?) rounded jindications with dimensions greater
/16 in. (5.0 mm)

3) four Qr more rounded indications in a line sepa-
by Ye-In. (2.0 mm) or less, edge to edge

4)_ten or more rounded indications in any 6 in.
) mm?) of surface with the major dimension of this

shall |

unacq

than
of th{
is the

(b)
dime
consi
are u

than

rated

(387

iIce will be
ever, loca-
cur from
¢ produce
detection

(1) Mechanical diScontinuities at the surfz
indicated by bleedingotit of the penetrant; how|
lized surface imperfections, such as may o
machining mdrks or surface conditions, may
similar indications that are nonrelevant to the
of unacceptable discontinuities.

(2)>Any indication that is believed to be nd
shall be regarded as a defect and shall be reex
verify whether or not actual defects are preser
conditioning may precede the reexan
Nonrelevant indications and broad areas of pig
that would mask indications of defects are una

(3) Relevant indications are those that r¢sult from
mechanical discontinuities. Linear indications|are those
indications in which the length is more than three
times the width. Rounded indications are irjdications
that are circular or elliptical with the length|less than
three times the width.

(4) An indication of a discontinuity may|
than the discontinuity that causes it; howeve
of the indication and not the size of the dis
is the basis of acceptance or rejection.

(b) Acceptance Standards. Indications wh
dimensions are greater than Y1 in. (2.0 mm
considered relevant. The following relevant i
are unacceptable:

(1) any cracks or linear indications

(2) rounded indications with dimensions greater
than % in. (5.0 mm) r

nrelevant
amined to
it. Surface
ination.
mentation
cceptable.

be larger
I, the size
ontinuity

se major
) shall be
ndications

areanotto exceed 6 in. (150 mm) with the area taken in the
most unfavorable location relative to the indications being
evaluated

136.4.4 Liquid Penetrant Examination. Whenever
required by this Chapter (see Table 136.4.1-1), liquid
penetrant examination shall be performed in accordance
with the requirements of ASME BPVC, Section V, Article 6.

(a) Evaluation of Indications

107

(3) four or more rounded indications in a line sepa-
rated by % in. (2.0 mm) or less edge to edge

(4) ten or more rounded indications in any 6 in.?
(3 870 mm?) of surface with the major dimension of this
areanotto exceed 6 in. (150 mm) with the area taken in the
most unfavorable location relative to the indications being
evaluated
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136.4.5 Radiography. When required by this Chapter
(see Table 136.4.1-1), radiographic examination shall be
performed 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 rejection of
radiographs unless the geometrical unsharpness exceeds
0.07 in. (2.0 mm).

(a) Acceptance Standards. Welds that are shown by
radiography to have any of the following types of discon-

(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
examination personnel can determine their shape, iden-
tity, and location so that they may evaluate each discon-
tinuity for acceptance in accordance with (1) and (2).

(1) Discontinuities evaluated as being cracks, lack of
fusion, or incomplete penetration are unacceptable

tinuities are-unaceeptable:
(1) ;\Iny type of crack or zone of incomplete fusion or
penetratign
(2) any other elongated indication that has a length
greater than
(-a) Y, in. (6.0 mm) for t up to %, in. (19.0 mm),
inclusive
(-
mm), incl
(-]

where tis

Yt for t from ¥, in. (19.0 mm) to 2%, in. (57.0
isive

%, in. (19.0 mm) for t over 2%, in. (57.0 mm)
the thickness of the thinner portion of the weld
NOTE: treferred toin (-a), (-b), and (-c) pertains to the thickness
of the weld|being examined; if a weld joins two members having

different thickness 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 whlere the distance between the successive indica-
tions excdeds 6L where L is the longest indication in the
group

(4) porosity in excess of that shown as acceptable.in
ASME BPYC, Section I, Nonmandatory Appendix A, A=250.

(5) rpot concavity when there is an abrupt change in
density, ap indicated on the radiograph

136.4.6 Ultrasonic Examination. When\required by
this Chapter (see Table 136.4.1-1), ultrasonic examination
(UT) shall be performed in accordance with the require-
ments of ASME BPVC, Section V, Article 4 and the addi-
tional requirements below.

(a) The following criteriasshall also be met when
performirlg ultrasonic examinations:

(1) The equipmerit 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 |obstfuctions prevent the use of systems

ragardlace of langth

regardless—oflength

(2) Otherdiscontinuities are unacceptable ifth¢ indi-

cation exceeds the reference level and their length'exiceeds
the following:

(-a) Y, in. (6.0 mm) for t up to ¥,\n. (19.0

(-b) Vit for t from ¥, in. (19.0mm) to 2%, in.

mm).
(57.0
mm).

(-c) %, in. (19.0 mm) fof.t over 2%, in. (57.0
where t is the thickness of the:weld being examined]If the
weld joins two members.having different thicknesges at
the weld, t is the thinner‘of these two thicknesses.

(c) As an alternative'to (b)(1) and (b)(2), the frdcture
mechanics ultrasehic acceptance criteria in Mandatory
Appendix O may be used, provided all of the requirefnents
of Mandatoxy, Appendix O are met.

mm)

137 PRESSURE TESTS

137.1 General Requirements

137.1.1 Subassemblies. When conducted in 3
dance with the requirements of this Code, the preg
testing of piping systems to ensure leak tightness
be acceptable for the determination of any led
piping subassemblies.

ccor-
ssure
shall
ks in

137.1.2 Temperature of Test Medium. The tenipera-
ture of the test medium shall be that of the avajlable
source unless otherwise specified by the owney. The
test pressure shall not be applied until the systerh and
the pressurizing medium are approximately 4t the
same temperature. When conducting pressure tests at
low metal temperatures, the possibility of brittle fracture
shall be considered.

ns in
elim-
being

137.1.3 Personnel Protection. Suitable precauti
the event of piping system rupture shall be taken to

inate hazards to personnel in the proximity of lines
tested

capable of Tecording the UT data, manuat U T Tmay be
used with the approval of the owner.

(2) NDE personnel performing and evaluating UT
examinations shall be qualified and certified in accordance
with their employer's written practice and the require-
ments of para. 136.3.2 of this Code. Personnel, procedures,
and equipment used to collect and analyze UT data shall
have demonstrated their ability to perform an acceptable
examination using test blocks approved by the owner.

108

137.1.4 Maximum Stress During Test. At no time
during the 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
performed 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, assembly, and erection activities required to provide
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the system or portions thereof subjected to the pressure
test with pressure retaining capability.

137.2 Preparation for Testing

137.2.1 Exposure of Joints. All joints including welds
not previously pressure tested shall be left uninsulated
and exposed for examination during the test. By prior
agreement, the complete system or portions thereof
subject to test may be insulated prior to the test

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 accordance
with para. 137.5, 137.6, or 137.7. Lines open to the atmo-
sphere, such as vents or drains downstream of the last
shutoff valve, need not be tested.

137.4 Hydrostatic Testing

periofl, provided an extended holding time pressurization 137.4.1 Material. When permitted by thd material
of the system is performed to check for possible leakage specification, a system hydrostatic test may-bejperformed
throuigh the insulation barrier. in lieu of the hydrostatic test required‘by th¢ material
137.2.2 Addition of Temporary Supports. Piping specifications fqr material gs.ed in the piping su assen.1bly
) : or system, provided the minimumptest pressur¢ required
systems designed for vapor or gas shall be provided for the pining svstem is met
with [additional temporary supports if necessary to PIpIng sy ’
suppgrt the weight of the test liquid. Such supports 137.4.2 Provision of Air Vents at High Points. Vents
shall{meet the requirements for testing and system shall be provided at all high*points of the piping system in
cleanpip procedures described in para. 122.10. the position in which the test is to be conductefl to purge
137.2.3 Restraint or Isolation of Expansion Joints. air p.OCkets.Whlle t.he? component or systemjls ﬁ“.mg'
S : . Venting during the)filling of the system may bg provided
Expapsion joints shall be provided with temporary . . L
o . o by the loosening of flanges having a minimum of four bolts
restraint if required for the additional pressure load or by the/ude’of equipment vents
undef test, or they shall be isolated during the system test. y qup '
137.2.4 Isolation of Equipment and Piping Not 137.4:3 Test Medium. Water shall normally pe used as

Subjgcted to Pressure Test. Equipment that is not to
be supjected to the pressure test shall be either discon-
nectefl from the system or isolated by a blank or similar
meang. Valves may be used for this purpose provided that
valve(closure is suitable for the proposed test pressure.
The dwner shall be aware of the limitations of pressure
and t¢mperature for each valve subject to test conditions
and ap further described in para. 107.1(c). Isolated equip-
ment|and piping must be vented.

137.2.5 Treatment of Flanged-Jaints Containing
Blanks. Flanged joints at which¢blanks are inserted to
blanl{ off other equipment during the test need not be
tested after removal of the(blank provided the require-
ment$ of para. 137.7.1 are subsequently performed.

134.2.6 Precautions Against Test Medium Expansion.
If a pyessure test i§ to'be maintained for a period of time
which the-test medium in the system is subject to
hal expansion, precautions shall be taken to avoid

sure (e
137.4.5, and 137.5.5 are not exceeded.

137.3 Requirements for Specific Piping Systems

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. The test
shall be conducted in the presence of the Authorized
Inspector.

109

the test medium unless otherwise specified by the owner.
Test'water shall be clean and shall be of such qyality as to
minimize corrosion of the materials in the piping system.
Further recommended precautions on the quality of test
water used for hydrotesting of austenitic (300 series) and
ferritic (400 series) stainless steels are cortained in
Nonmandatory Appendix 1V, para. IV-3.4.

137.4.4 Check of Test Equipment Before
Pressure. The test equipment shall be examin
pressure is applied to ensure that it is tightly d
Alllow-pressure fillinglines and all other items 1
to the test pressure shall be disconnected or i
valves or other suitable means.

137.4.5 Required Hydrostatic Test Pres
hydrostatic test pressure at any point in t
system shall not be less than 1.5 times the desigr
but shall not exceed the maximum allowable tes]
of any nonisolated components, such as vessels,

Applying
ed before
onnected.
otsubject
solated by

sure. The
he piping
pressure,
t pressure
[pumps, or

valves, nor shall it exceed the limits imposed by para
102.3. 3(b) The pressure shallbe contlnuously laintained
f f reduced to

the deSIgn pressure and held for such time as may be nec-
essary 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.
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137.5 Pneumatic Testing

137.5.1 General. Except for preliminary testing in
accordance with para. 137.5.4, pneumatic testing shall
not be used unless the owner specifies pneumatic
testing or permits its use as an alternative. It is recom-
mended that pneumatic testing be used only when one
of the following conditions exists:

(a) when piping systems are so designed that they
cannot be filled with water

shall be tested by a method, such as helium mass-spectro-
meter test or halide test, which has the required
sensitivity.

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

(b) whpn piping systems are to be used in services
where traces of the testing medium cannot be tolerated

137.5.2
shall be n
gas may |
itis recon]
of person
used as th

137.5.3
Pressure.
pressure
Allitemsn
nected or

Test Medium. The gas used as the test medium

onflammable and nontoxic. Since compressed
e hazardous when used as a testing medium,
mended that special precautions for protection
hel be observed when a gas under pressure is
le test medium.

Check of Test Equipment Before Applying
The test equipment shall be examined before
s applied to ensure that it is tightly connected.
otsubjected to the test pressure shall be discon-
isolated by valves or other suitable means.

137.5.4] Preliminary Test. A preliminary pneumatic
test not fo 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
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 morethan
1.5 times the design pressure of the piping system:-The test
pressure phall not exceed the maximum_allowable test
pressure of any nonisolated componhent, such as
vessels, pumps, or valves, in the system. The pressure
in the sygtem shall gradually be increased to not more
than one-half of the test pressure, after which the pressure
shall be irjcreased in steps of.approximately one-tenth of
the test prfessure until therequired test pressure has been
reached. The pressuresshall be continuously maintained
for a minimum time.ofi10 min. It shall then be reduced to
the lesser|of desighspressure or 100 psig [700 kPa (gage)]
and held fpr suchtime as may be necessary to conduct the
examination for leakage. Examination for leakage
detected

against the reference leak in such a way that the si:stem
leakage measured by the equipment can be determined to
be not greater than the leak rate of the reference [leak.

137.7 Initial Service Testing

ervice
bes of
mon-
ple is
tinga
thers
out of
ppor-
o full-
ble to

137.7.1 When specified by the eWwner, an initial s
test and examination is acceptable when other tyj
tests are not practical or whenleak tightness is de
strable due to the nature_of’the service. One exam
piping where shutoff valves are not available for isolg
line and where tempofary closures are impractical. (
may be systems wheére during the course of checking
pumps, compressors, or other equipment, ample o
tunity is afferded for examination for leakage prior t
scale operation. An initial service test is not applical
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 Retesting After Repair or Additions

137.8.1 Repairs may be made to the pressure p4
boiler external piping after the hydrostatic test req
by para. 137.3.1, provided the requirements of
BPVC, Section I, PW-54.2 are met.

rts of
uired
\SME

137.8.2 Nonpressure parts may be welded to the|pres-
sure parts of boiler external piping after the hydrdstatic
testrequired by para. 137.3.1, provided the requirenents
of ASME BPVC, Section I, PW-54.3 are met.

made of all joints and connections. The piping system,
exclusive of possible localized instances at pump or
valve packing, shall show no evidence of leaking.

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

110

137.8:3— 1 repairsoradditions—tononbotterexternal
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 seal welding or after attachments of lugs, brackets,
insulation supports, nameplates, or other nonpressure
retaining attachments provided

(a) the attachment fillet weld does not exceed % in.
(10.0 mm) thickness or, if a full penetration weld is
used, the material attached does not exceed the
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nominal thickness of the pressure retaining member or % (d) seal welds shall be examined for leakage after
in. (12.0 mm), whichever is less system startup
(b) welds shall be preheated as required by para. 131
(c) welds shall be examined as required by Table
136.4.1-1

137.8.4 All weld defect repairs shall be made in accor-
dance with para. 127.4.11.

111
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Chapter VII
Operation and Maintenance

138 GENERAL

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 operation and maintenance of its power piping.
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 experience, the
Operating Company's experience and knowledge of its
facility, and conditions under which the piping systems
are operated. The additional requirements described in
subsequent paragraphs apply to covered piping
systems ([CPS). At the owner’s discretion, other piping

PR

For CP§, this shall be accomplished by the issuance of
written dperation and maintenance procedures. The
operation and maintenance procedures-established by
the Operdting Company for ensuring-safe operation of
its CPS may vary, but the following aspects shall be
covered:

(a) ope

(b) do
modes of

(c) dod
and press

(d) dodumentation of significant system transients or
excursiong including thermal hydraulic events (e.g., steam

ration of piping systém within design limits
umentation of/system operating hours and
operation

umentation. of actual operating temperatures
ures

(h) assessment of degradation mechanisms, inchllding,
butnotlimited to, creep, fatigue, graphitization;corrpsion,
erosion, and flow accelerated corrosion (FAC)

(i) quality of flow medium (e.g., dissolved oxyge

(j) documentation of the conditign“assessmen
para. 140)

(k) other required maintenance

1, pH)
E (see

140 CONDITION ASSESSMENT OF CPS

Aprogram shall be established to provide for the a
ment and documefitation of the condition of all CP
documentatiop-shall include a statement as to any a
necessary for<continued safe operation. A cong
assessment\shall be performed at periodic interv,
determined by an engineering evaluation.

Condition assessments shall be made of CPS bas
established industry practices. The condition asses
may range from a review of previous inspection fin
and operating history since the previous inspectiot
thorough nondestructive examination (NDE) and
neering evaluation. The extent of the assess
performed shall be established by the Oper
Company or its designee with consideration of th
of the CPS, the previous documented assessmen
anticipated operating conditions.

The CPS condition assessment program shall in
implementation of weld examination and hanger in
tion methods necessary for evaluating the impact
applicable material degradation mechanism for the
tified piping system.

The condition assessment documentation, in alform
established by the Operating Company, should cqntain
(but not be limited to) as many of the following elefnents
as available:

(a) system name.

5Sess-
5. The
rtions
lition
hls as

ed on
ment
dings
b, to a
engi-
ment
ating
e age
, and

clude
spec-
bf the
iden-

their

hammers, liquid slugging)

(e) documentation of modifications, repairs, and re-
placements, including welding procedures used and
NDE results

(f) documentation of maintenance of pipe supports for
piping operating within the creep regime

(g) documentation of maintenance of piping system
elements such as vents, drains, relief valves, desuperhea-
ters, and instrumentation necessary for safe operation

112

(h/) ]icfing of nrigina] material Cpnriﬁrnfinnc an
editions.

(c) design diameters and wall thicknesses.

(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).
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(h) pipe support hot and cold walkdown readings and
conditions since last condition assessment for piping
systems that are operated within the creep regime.

(i) modifications and repairs since last condition
assessment.

(j) descriptionand listofany dynamic events, including
thermal hydraulic events, since the last condition assess-
ment (see Nonmandatory Appendix V, para. V-11 for
examples) that produced visual evidence of distortion

(b) original service date and original operating
parameters
(c) list of materials, both original and replacement,
with system location and material specification
(d) physical and mechanical properties from material
test reports, including the following as applicable:
(1) Manufacturer’s Material Test Reports or
Certificate of Conformance
(2) chemical composition data

or dapage—Repetitive-dyramic-events{with-or-witheut {3)mpact-test-data
visual] evidence) should be included when identified by (4) information regarding special pré¢egsing, i.e.,
operdtors or plant personnel (see para. 146). welding, postweld heat treatment, mechanical working,
(k)| actual pipe wall thickness and outside diameter bending including post-bending heat treatmert, etc.
measfirements taken since the last condition assessment (e) wall thicknesses from construction or mgintenance
as appropriate based on service. records, including design minimum wall requirements
() [summary of pipe system inspection findings, (f) records of alterations or/pépairs
includling list of areas of concern. (g) summary of design fequirements
(m) recommendations for reinspection interval and (h) actual operating‘conditions recorded and main-
scopd. tained to facilitateccfeep and fatigue evalyations of
Gujdance on condition assessment may be found in components
Nonmnjandatory Appendix V of this Code. (i) special coatings, linings, or other designs|for corro-
sion or erosien resistance
141 CPS RECORDS . o _
141.3 Installation, Modification, and Repair
Thé¢ records identified below, when available, shall be Records
mainfained and accessible for the life of the piping
systens. Records for pressure-retaining welds in covefed piping
systems shall include, but not be limited to, the [following:
141.) General (a) original installation records
b) repair and modification records
Coyered piping system records shall consist of, but\not (b) rep ) P
be lirhited t (c) welding procedures and qualification tefts
€ limited 1o, . (d) nondestructive examination reports ([including
(a)| any procedures required by para. 139 . L .
. . . radiographs, digital or electronically stqred NDE
(b)| any condition assessment documentation required reports, etc.)
by pdra. 140 ports, etc. . . .
i . o . (e) heat treatment performed, includipng time/
(c)| original, as-built, as modified,*er'updated piping
temperature charts
drawings
(d)| original, as-built, as modified, or updated pipe 141.4 Failure Analysis
suppo¢rt drawings
(e] results from plplng stress or ﬂex]blhty analysis The owneris reSpOl’lSible for investigating allffailures in
(f) plplng System diagrams [ﬂow’ plplng and instru- covered plplng Systems. A report of the resullts of this
mentjtion (P&IDs), did/or process diagrams] investigation is to be included in the materipl history
(g)| valve and. gther inline equipment data used in file and, as a minimum, contain the following information:
origirjal piping design stress analysis (a) record of any operating or test experiepce of the
(h)| additional documentation requirements as identi- failed components or supports
fied ip pafas. 141.2, 141.3, 141.4, and 141.5 (b) any previous failure history of the component
(c) any special conditions (corrosion, extrpordinary
141.2Materiats ——oads; thermatexcursions; etc. thatmay tavecontributed

The owner shall establish a material history for each
covered piping system 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. Additional records may be included as deemed
necessary.

(a) procurement documents, including specifications

113

to failure
(d) conclusions of damage mechanism(s) and cause of
failure

141.5 Restoration After Failure

The owner is responsible for documenting actions taken
to restore failed components, including


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

(a) recommendations for actions that are intended to
minimize recurrence and documentation of satisfactory
implementation

(b) recommendations, if any, for similar action that
should be taken in other piping systems containing
similar conditions or components

142 PIPING AND PIPE-SUPPORT MAINTENANCE
PROGRAM AND PERSONNEL REQUIREMENTS

142.1 Maintenance Program

The ma
ments of |
guidelined
Nonmand|

ntenance program shall adhere to the require-
baras. 138, 139, 140, 141, and 144. For further
regarding the maintenance program, refer to
htory Appendix V, para. V-5.1.

142.2 Pe

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
decisiong
shall be c3
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

142.2.4 Examination, Inspection, and Testing
Personnel. Qualified personnelshall perform nondestruc-

Welding and Heat Treatment Personnel

Iders shall be qualified to approved welding
ps. Qualification of weld procedures and the
on performance of the welder shall beinaccor-
h the requirements of para. 127.5.

hlified personnel shall perform preheat and
freatment operations as des¢riped in the re-
s of paras. 131 and 132.

Guidelines for this program are provided in
Nonmandatory Appendix V, para. V-7. Piping system
drawings or sketches, including the identification of all
supports, and piping support walkdown forms should
be used as part of the hot and cold walkdowns. The condi-
tion assessment documentation (on paper or electronic
media) shall comply with para. 140(h).

The Operating Company shall evaluate the effects of
unexpected piping position changes, significant vibra-
i tont ipi tem's
tions
nsid-

integrity and safety. Significant displacement yari
from the expected design displacements shall*be c
ered to assess the piping system's integrity. Subsefuent
evaluations and corrective actions may necessitate jactiv-
ities such as detailed examinations of critical weldiments
and support adjustments, repairs;and replacemg¢nt of
individual supports and restraints.

145 MATERIAL DEGRADATION MECHANISM:!

Creep is stress-, time-, temperature-, and mat
dependent plastic‘deformation under load. Stress 3
ables for materials’having time-dependent propertigs are
noted withitalics in Mandatory Appendix A. Malterial
stress rupture or creep properties govern the stres;{lllow-
ables within this temperature regime and may be impor-
tant.ih‘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 para. V-12 may be| used
for this program, which may also include non-CPS
piping operating in the creep regime.

3
erial-
\llow-

hent a
high-

146 DYNAMIC LOADING

For those dynamic events identified in para. 1
document the following, as appropriate:

(a) date, time, and preceding operating conditio
available)

A0()),

hs (as

d
ective
dure,
and

tive examinations (NDE), ineluding visual inspections and (b) the nature and location of any damage

leak tests|(LT), in accordance with the requirements of (c) the results of any investigation

para. 136 (d) the results of any analysis or NDE performg

(e) the acceptability of any effects or any corr

144 CPS| WALKDOWNS action taken, e.g., changes in operating proce

_ . changes in system design or piping support
The Op¢rating Company shall develop and implement a restraints, and any repairs or replacements
program requiring documentation of piping supportread-

ings and recorded piping system displacements.
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MANDATORY APPENDIX A
ALLOWABLE STRESS TABLES
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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
A53 A S C 1 2) 48 30 1.00
B S C-Mn 1 2) 60 35 1.00
AT06 A €=5¢ t t23 48 36 1.00
B C-Si 1 2) 60 35 1.00
C C-Si 1 2) 70 40 1.00
A179 C 1 1) (2) (5) (47) 26 1.00
A192 C-Si 1 2) (5) (37) 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 C-Mn 1 (1) 55 30 1.00
C-Mn-Si 1 60 35 1.00
A369 FPA C-Si 1 (2) 48 30 1.00
FPB C-Mn 1 (2) 60 35 1.00
API 5L A C 1 1) (2) (14) 48 30 1.00
B C-Mn 1 1) (2) (14) 60 35 1.00
Furnace Butt Welded Pipe
A53 F C 1 4) 48 30 0.60
API 5L A25 [&1I C 1 (1) 4) (14) 45 25 0.60
Electric Resistance Welded Pipe and Tube
A53 A E C 1 2) 48 30 0.85
B E C-Mn 1 (2) 60 35 0.85
A135 A C 1 1) (@) 48 30 0.85
B C-Mn 1 M@ 60 35 0.85
A178 A 1 2) (5) 47 26 0.85
C 1 (2) 60 37 0.85
A214 C 1 1) (2) (5) (47 26 0.85
A333 C-Mn 1 1) 55 30 0.85
C-Mn-Si 1 60 35 0.85
API 5L A25 [&I1I 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 C 1 1) (2 48 30 0.85
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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.
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 A53
17.1 17.1 171 17.1 17.1 17.1 17.1 15.6 13.0 108 B
137 137 137 137 137 137 137 125 +6-7 93—4A AjL06
171 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 . All79
13.4 13.4 13.4 13.4 13.4 13.3 12.8 12.4 10.7 9.0 ) Al192
171 17.1 171 17.1 171 17.1 171 15.6 13.0 108" A-1 AR10
20.0 20.0 20.0 20.0 20.0 20.0 19.8 18.3 14.8 120 C
15.7 15.7 15.7 15.7 15.7 15.3 14.8 1 AB33
171 17.1 171 17.1 171 17.1 171 15.6 6
13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.0 FPA AB69
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 1877 12.5 10.7 9.0 A ARI 5L

17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 108 B

Furnace Butt Welddd 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 ARI 5L

Electric Resistance Welded Pipe angl Tube

11.7 11.7 11.7 1.7 11.7 11.7 11.7 10.6 9.1 7.7 A A53

14.6 14.6 14.6 14.6 14.6 14.6 14.6 133 11.1 92 B

11.7 11.7 11.7 11.7 11.7 11.7 11.7 10.6 9.1 79 A Al135
14.6 14% 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 7.7 A AlL78
146 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 .. AP14
13.4 13.4 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 7.7 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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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
A134 A283A C 1 1) () 45 24 0.80
A283B C 1 ) 50 27 0.80
A283C C 1 (3R] 55 30 0.80
A283D C 1 Mm@ 60 33 0.80
A134 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 A C 1 1) (2) (149 48 30 0.90
B C-Mn 1 (1) (207¢14) 60 35 0.90
A671 CAS5 10,13 C 1 (1) (2) (15) 55 30 0.90
CA55 11,12 C 1 (1) (2) (15) 55 30 1.00
CA55 20,23,30,33 C 1 1)@ 55 30 0.90
CA55 21,22,31,32 C 1 1 @) 55 30 1.00
A671 CB60 10,13 C-Si 1 (1) (2) (15) 60 32 0.90
CB60 11,12 C-Si 1 (1) (2) (15) 60 32 1.00
CB60 20,23,30,33 C-Si 1 1)@ 60 32 0.90
CB60 21,22,31,32 C-Si 1 1) (2 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 1) (2) 65 35 0.90
CB65 21,22,31,32 C-Si 1 1) (2) 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, 20,23,30,33 C-Si 1 1) (2) 70 38 0.90
CBZ0, 21,22,31,32 C-Si 1 1) (2) 70 38 1.00
A671 CCo60 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
CC60 20,23,30,33 C-Mn-Si 1 M (2 60 32 0.90
CC60 21,22,31,32 C-Mn-Si 1 1) (2) 60 32 1.00
A671 CC65 10,13 C-Mn-Si j M 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 M) (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 12 70 38 0.90
CC70 21,22,31,32 C-Mn-Si 1 (1 (2) 70 38 1.00
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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 A134
114 11.4 11.4 11.4 11.4 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 13.7 135 13.0 A283D
10.3 10.3 10.3 10.3 10.3 9.8 9.5 9.2 8.6 6.6 A285A All34
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 12.3 119 11.5 104 8.6 A285C
11.0 11.0 11.0 11.0 11.0 11.0 11.0 10.0 8.6 74, A Afl39
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 ARI 5L
15.4 15.4 15.4 15.4 15.4 15.4 15.4 14.0 117 9.7 B
14.1 14.1 14.1 14.1 14.1 13.8 13.3 129 11.7 9.7 CA55 Ap71
15.7 15.7 15.7 15.7 15.7 15.3 14.8 4.3 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
15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CB60 Ap71
17.1 17.1 17.1 17.1 17.1 164 15.8 15.3 13.0 10.8 CB60
15.4 15.4 15.4 15.4 15.4 147 14.2 13.7 11.7 9.7 CB60
171 171 171 171 17.1 16.4 15.8 15.3 13.0 108 CB60
16.7 16.7 16.7 16.7 167 16.1 15.6 15.0 12.5 10.3 CB65 Ap71
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 114 CB65
16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CB65
18.6 18.6 18.6 18.6 18.6 179 17.3 16.7 13.9 11.4 CB65
18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CB70 Ap71
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 CB70
18.0 180 18.0 18.0 18.0 17.5 16.9 16.3 13.3 108 CB70
20.0 200 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 CB70
15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CC60 Ap71
1AT 17.1 171 17.1 171 16.4 15.8 15.3 13.0 108 CC60
15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CC60
171 171 171 171 171 16.4 15.8 15.3 13.0 108 CC60
16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 125 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 13.3 108 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
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 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 (Cont’d)

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) (2 75 40 0.90

CK75 21,22,31,32 C-Mn-Si 1 M@ 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 (3N E)] 70 50 0.90

CD70 21,22,31,32 C-Mn-Si 1 (1) (3) 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 (3N E))] 80 60 0.90

CD80 21,22 C-Mn-Si 1 1 3) 80 60 1.00

A672 A45 10,13 C 1 (W2) (15) 45 24 0.90

A45 11,12 C 1 (9 (2) (15) 45 24 1.00

A45 20,23,30,33 C 1 1) (2) 45 24 0.90

A45 21,22,31,32 C 1 1) (2 45 24 1.00

A672 A50 10,13 C 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 A55 10,13 X 1 (1) (2) (15) 55 30 0.90

AS55 11,12 C 1 (1) (2) (15) 55 30 1.00

A55 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)@ 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)@ 60 32 0.90

B60 21,22,31,32 C 1 1 @) 60 32 1.00

A672 B65 16713 € t 5253 65 35 0.90

B65 11,12 C 1 1) (2) (15) 65 35 1.00

B65 20,23,30,33 C 1 1)@ 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

B70 21,22,31,32 C 1 1) (2) 70 38 1.00
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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 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
21.4 214 21.4 214 21.4 204 19.8 19.1 157 12.6  CK75
18.0 18.0 17.7 17.6 17.6 17.6 17.6 CD70 Ap71
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 Cb70
20.6 20.6 20.3 20.1 20.1 20.1 20.1 CD80 Ap71
229 229 22.6 22.3 22.3 22.3 22.3 CD80
20.6 20.6 20.3 20.1 20.1 20.1 20.1 CD80
22.9 229 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 Ap72
129 129 129 129 129 12.3 11.9 11.5 10.7 9.0 AA45
11.6 11.6 11.6 11.6 11.6 11.0 10.7 10.3 9.6 81 A45
12.9 12.9 12.9 12.9 12.9 12.3 11.9 11.5 10.7 9.0 A45
129 129 129 129 129 12.4 12.0 11.3 10.1 86 A50 Ap72
14.3 14.3 14.3 14.3 14.3 13.8 13.3 12.5 11.2 9.6 A50
129 12.9 12.9 12.9 129 124 12.0 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 4.1 13.8 13.3 129 10.9 9.2 A55 Ap72
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2  A55
141 14.1 141 141 141 13.8 13.3 12.9 10.9 9.2 A55
15.7 15.7 15.7 1527 15.7 15.3 14.8 14.3 12.1 10.2  A55
14.1 14.1 141 14.1 14.1 13.8 13.3 12.9 10.9 9.2 B55 Ap72
15.7 15.7 1517 15.7 15.7 15.3 14.8 14.3 12.1 10.2 B55
141 14.1 141 14.1 141 13.8 13.3 12.9 10.9 9.2 B55
15.7 157 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 B55
15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 B60 Ap72
17:1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 B60
154 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
1677 167 1677 1677 1677 6t 156 156 125 +6-3—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 13.9 114 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
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 B70
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(18) 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 (Cont’d)
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 12 55 30 0.90
C55 21,22,31,32 C 1 [OE®) 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
C60 20,23,30,33 C 1 @) 60 32 0.90
C60 21,22,31,32 C 1 1 2 60 32 1.00
A672 €65 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 (1) (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 () 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 (3N E))] 70 50 0.90
D70 21,22,31,32 C-=Mn+Si 1 (SN E)) 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 (O RE)) 80 60 0.90
D80 2122 C-Mn-Si 1 (SR E)) 80 60 1.00
A672 N75 10,13 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) (15) 70 50 1.00
CMSH-70 20,23,30,33 C-Mn-Si 1 (3N E))] 70 50 0.90
CMSH-70 21,22,31,32 C-Mn-Si 1 (O NE)) 70 50 1.00
ABIT CMSH-80 10,13 C-Mn-51 T I (15) 344 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 (SN E)) 80 60 0.90
CMSH-80 21,22 C-Mn-Si 1 @ »3 80 60 1.00
A691 CMS-75 10,13 C-Mn-Si 1 (1) (2) (15) 75 42 0.90
CMS-75 11,12 C-Mn-Si 1 1) (2) (15) 75 42 1.00
CMS-75 20,23,30,33 C-Mn-Si 1 1 2 75 40 0.90
CMS-75 21,22,31,32 C-Mn-Si 1 1) (2 75 40 1.00
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ASME B31.1-2018

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)
14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 (55 A672
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 €55
14.1 14.1 14.1 14.1 141 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 Ap72
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 17.1 171 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 12.5 203~ C65 Ap72
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 C65
16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 Cé65
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 16.9 163 13.3 108 C70 Ap72
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 C70
18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 108 C70
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 C70
18.0 18.0 17.7 17.6 17.6 17.6 17.6 D70 Ap72
20.0 20.0 19.7 19.5 19.5 195 19.5 D70
18.0 18.0 17.7 17.6 17.6 17:6 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 2011 20.1 20.1 D80 Ap72
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 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 Ap72
21.4 214 21.4 214 21.4 204 19.8 19.1 157 12.6  N75
19.3 193 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 N75
21.4 214 21.4 214 21.4 204 19.8 19.1 157 12.6  N75
18.0 18.0 17.7 17.6 17.6 17.6 17.6 CMSH-70 Ap91
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
Z0.6 Z0.0 Z0.3 Z0.1 Z0.1 Z0.1 Z20.1 CMSH-80 A691
229 229 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 21.4 21.4 21.4 21.4 20.4 19.8 19.1 157 12.6  CMS-75
19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 CMS-75
21.4 214 21.4 214 21.4 20.4 19.8 19.1 157 12.6  CMS-75

125


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

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
Copper Brazed Tubing
A254 C (1) (9) (10) 42 25 1.00
Plate
A36 C-Mn-Si 1 M@ 0an 58 36 0.92
A283 A C 1 @ 45 24 0.92
B C 1 O] 50 27 0.92
C C 1 (3R] 55 30 0.92
D C 1 (3R] 60 33 0.92
A285 A C 1 (2) 45 24 1.00
C 1 ) 50 27 1.00
C 1 ) 55 30 1.00
A299 C-Mn-Si 1 (2)(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 C-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 C-Si 1 2) 60 30 1.00
C-Si 1 (2) 70 36 1.00
A350 LF2 C-Mn-Si 1 (2) 70 36 1.00
LF2 C-Mn-Si 1 2) 70 36 1.00
Wrought Fittings (Seamless and Welded)
A234 WPB C-Si 1 (2) 60 35 1.00
WPC C-Si 1 (2) 70 40 1.00
Castings
A216 WCA C-Si 1 (2) (6) 60 30 0.80
WCB C-Si 1 (2) (6) 70 36 0.80
wce C-Mn-Si 1 () (6) 70 40 0.80
Bars and Shapes
A36 C-Mn-Si 1 1)@ 58 36 1.00
A992 C-Mn-Si 1 1 @) 65 50 1.00
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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.
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 36
11.8 11.8 11.8 11.8 11.8 11.3 10.9 A Ap83
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
129 129 129 129 129 12.3 119 11.5 10.7 83 A AP85
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 13.0 108 C
21.4 214 21.4 214 21.4 20.4 19.8 194 157 126 .. Ap99
21.4 214 21.4 214 21.4 214 20.8 19.6 15.7 12.6
17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 108 60 Ap15
18.6 18.6 18.6 18.6 18.6 17.9 173 16.7 13.9 11.4 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 AB16
17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 60
18.6 18.6 18.6 18.6 186 17.9 17.3 16.7 13.9 11.4 65
20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 70
Fqrgings
20.0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0 .. A[LO5
171 17.1 171 17.1 16.3 15.3 14.8 14.3 13.0 108 .. Al181
20.0 200 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 AB50
20:0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0 LF2
Wrought Fittings (Seamless and Welded)
17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 WPB Ap34

20.0 20.0 20.0 20.0 20.0 20.0 19.8 183 14.8 120 WPC

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
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 ANSI/ASTM or ASTM, except API 5L. For ASME BPVC applications, see related specifications in ASME BPVC,

n I

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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ted by para. 122.6.2(8)-
bulated stress values are S x E (weld joint efficiency factor) or S x F (material quality factor), as applicable. Weld joint efficiency
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
g the requirements of those standards. The allowable stress values given in this Table are for use in designingpiping comp)
are not 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
E 100.1.2-1, FIGURE 100.1.2-2, FIGURE 100.1.2-3, FIGURE 100.1.2-4, FIGURE 100.1.2-5, FIGURE 100.1.2-6, AND FIGURE 10

lowable stress values given are for pipe fabricated from plate not exceeding 2}/svn. 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.

Fess values for structural quality plate include a material quality factorof'0.92. The allowable stresses for A283 Grade D and A3}
een limited to 12.7 ksi.

stress values are permitted only if killed or semikilled steels;are used.

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 w

values apply to material less than or equal to“I\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-earbon steel may be converted to grapHi

factors

bnents
pbnents

brn the

— SEE
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ith MSS

hown.
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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-Y4,Mo 3 60 30 1.00

T5 5Cr-"%Mo 5B 60 30 1.00

T5b 5Cr-"%Mo-1%Si 5B 60 30 1.00

A213  Tsc 5Cr-%Mo-Ti 5B 60 30 1.00

T9 9Cr-1Mo 5B 60 30 1.00

T11 1Y,Cr-"%Mo 4 60 30 1.00

A213  T12 1Cr-*4Mo 4 60 30 1.00

T21 3Cr-1Mo 5A 60 30 1.00

T22 2Y%,Cr-1Mo 5A (5) 60 30 1.00

T91 9Cr-1Mo-V 15E (10) 85 60 1.00

T91 9Cr-1Mo-V 15E (11) 85 60 1.00

A333 3 3%Ni 9B €)) 65 35 1.00

4 %,Cr-¥,Ni-Cu-Al 4 O 60 35 1.00

7 2Y,Ni 9A (1) 65 35 1.00

9 2Ni-1Cu 9A €)) 63 46 1.00

A335 P1 c-%Mo ) 55 30 1.00

P2 Cr-%Mo 55 30 1.00

P5 5Cr-Y%4Mo 5B 60 30 1.00

P5b 5Cr-"%Mo-1%Si 5B 60 30 1.00

A335 P5c 5Cr-"%Mo=Ti 5B 60 30 1.00

P9 9Cr-1Mo, 5B 60 30 1.00

P11 1Y,Ce="%Mo-Si 4 60 30 1.00

A335 P12 1Cr-%Mo 4 60 32 1.00

P21 3Cr-1Mo 5A 60 30 1.00

P22 2Y%,Cr-1Mo 5A (5) 60 30 1.00

A335 P36 1.15Ni-0.65Cu-Mo-Cb (12) (13) 90 64 1.00

P36 1.15Ni-0.65Cu-Mo-Cb (12) (13) 955 66.5 1.00

P91 9Cr-1Mo-V 15E (10) 85 60 1.00

P91 9Cr-1Mo-V 15E (11) 85 60 1.00

A349  FP1 c-%Mo ) 55 30 1.00

ER2 Cr-Y%,Mo 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-*4Mo 4 60 32 1.00

FP21 3Cr-1Mo 5A 60 30 1.00

FP22 2Y%,Cr-1Mo 5A (5) 60 30 1.00

A714 V 2Ni-1Cu 9A €)) 65 46 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.

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
17.1 17.1 16.6 165 164 16.2 159 156 151 145 138 109 80 58 42 29 18 10 T5
17.1 17.1 16.6 16.5 164 16.2 159 15.6 151 145 138 109 80 58 42 29 18 10 T5b

7.1 17.1 16.6 16.5 164 16.2 159 156 151 145 138 109 80 58 42 29 18 10 T5c A213
71 17.1 16.6 165 164 16.2 159 156 151 145 138 13.0 106 74 50 33 22 15 T9

71 17.1 171 168 16.2 15.7 154 151 148 144 140 136 93 63 42 28 .. T1¥

7.1 16.8 16.5 16.5 16.5 16.3 16.0 158 155 153 149 145 113 72 45 28 .. T12 A213
71 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 160 120 90 70 55 40 .. T21

7.1 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 X T22

4.3 243 243 242 241 23.7 234 229 222 213 203 191 178 163 140 193\"70 43 To1

4.3 24.3 243 242 241 23.7 234 229 222 213 203 191 178 163 129 96 70 43 T91

8.6 18.6 18.6 18.6 18.6 17.5 16.7 3 A333
71 171171 171 171 171 17.1 4

8.6 18.6 18.6 18.6 18.6 17.5 16.7 7

8.0 9

5.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 154 149 145 ., P1 A335
5.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 154 149 145 139 92 59 .. p2

71 17.1 16.6 165 164 16.2 159 156 151 145 138109 80 58 42 29 18 10 P5

7.1 17.1 16.6 16.5 164 16.2 159 156 151 145-13:8 109 80 58 42 29 18 10 P5b

71 17.1 16.6 165 164 16.2 159 156 15.1 (145 138 109 80 58 42 29 1.8 10 P5c A335
71 17.1 16.6 165 164 16.2 159 156 151J145 138 13.0 106 74 50 33 22 15 P9

7.1 17.1 17.1 168 16.2 15.7 154 151\ 14.8 144 14.0 136 93 63 42 28 .. P11

7.1 16.8 16.5 16,5 16.5 16.3 16.0%-158 155 153 149 145 11.3 72 45 28 .. P12 A335
7.1 17.1 16.6 16.6 16.6 16.6 A16.6/ 16.6 16.6 16.6 160 120 90 70 55 40 .. P21

7.1 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 38 .. p22

5.7 25.7 251 25.1 2574~25.1 25.1 25.1 .. P36 A335
7.3 273 26.6 26.6.26,6 26.6 26.6 26.6 .. P36

4.3 24.3 24.3 242241 23.7 234 229 222 213 203 191 178 163 140 103 70 43 P91

4.3 24.3 24.3\24.2 241 23.7 234 229 222 213 203 19.1 178 163 129 9.6 70 43 P91

5.7 15157 15.7 15.7 15.7 15.7 15.7 154 149 145 .. FP1 A369
5.7(157 15.7 15.7 15.7 15.7 157 15.7 154 149 145 139 92 59 .. FP2

|7.¢17.1 16.6 165 164 16.2 159 156 151 145 138 109 80 58 42 29 18 10 FP5

17.1 17.1 16.6 16.5 164 16.2 159 15.6 151 145 138 13.0 106 74 50 33 22 15 FP9 A369
17.1 17.1 17.1 168 16.2 157 154 151 148 144 140 136 93 63 42 28 .. FP11

17.1 16.8 16.5 16.5 16.5 163 16.0 158 155 153 149 145 113 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
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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 c-'%4Mo ME2BM@WM 65 35 0.85
CP2 Y%Cr-"%Mo 1 3) @ (7 60 30 0.85
CP5 5Cr-%4Mo 5B MR @M 90 60 0.85
CP5b 5Cr-"/2Mo-Si 5B OBISIOIY) 60 30 0.85
A436  CP9 9Cr-1Mo 5B MEBM@Mm 90 60 0.85
CP11 1%,Cr-%Mo 4 M3 M@ M@ 70 40 0.85
A436  CP12 1Cr-*4Mo 4 MEB)M@ M 60 30 0.85
CP21 3Cr-1Mo 5A MR @M 60 30 0.85
CP22 2Y%,Cr-1Mo 5A BISIGIIG! 70 40 0.85
Electrjic Resistance Welded Pipe
A333 3 3%Ni 9B (€))] 65 35 0.85
7 2%Ni 9A (L 65 35 0.85
9 2Ni-1Cu 9A (1) 63 46 0.85
A714 V E 2Ni-Cu 9A (€))] 65 46 0.85
Electyjic Fusion Welded Pipe — Filler Metal Added
A672  L65 20,23,30,33 C-"%Mo 1 2 65 37 0.90
L65 21,22,31,32 C-%Mo M@ 65 37 1.00
A672 L70 20,23,30,33 C-%Mo 2 70 40 0.90
L70 21,22,31,32 C-"%Mo 1 2 70 40 1.00
A6742 L75 20,23,30,33 C-,Mo 1) 2 75 43 0.90
L75 21,22,31,32 G~%Mo () 75 43 1.00
A691  CM-65 20,23,30,33 C-%Mo 1 2 65 37 0.90
CM-65 21,22,31,32 C-"%Mo 1) 2 65 37 1.00
A691  CM-70 20,23;30,33 Cc-%Mo 2 70 40 0.90
CM-70 21,22,31,32 C-%Mo 2 70 40 1.00
A691  CM-75 20,23,30,33 C-"%Mo 3 1 2 75 43 0.90
CM-75 21,22,31,32 c-%Mo 3 1)@ 75 43 1.00
A69—6CR 2023 LotrtoMe 3 T oo 33 0.90
Y%CR 21,22 Y%Cr-"%Mo 3 (1) (8) 55 33 1.00
Y%CR 20,23,30,33,40,43 %Cr-%Mo 3 (1) (9) 70 45 0.90
%CR 21,22,31,32,41,42 %Cr-"%Mo 3 (1) (9) 70 45 1.00
A691 1CR 20,23 1Cr-*4Mo 4 (1) (8) 55 33 0.90
1CR 21,22 1Cr-%Mo 4 (1) (8) 55 33 1.00
1CR 20,23,30,33,40,43 1Cr-%Mo 4 [3RC)) 65 40 0.90
1CR 21,22,31,32,41,42 1Cr-%Mo 4 [SRC)) 65 40 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 15.8 15.8 15.6 152 14.8 14.4 .. CP1 A426
14.5 14.5 14.5 145 144 139 13.7 133 13.1 127 123 118 78 50 .. CP2
219 21.8 21.2 21.0 209 20.6 203 199 193 185 122 93 68 49 36 25 15 0.85 CP5
4.6 1451471 140 140 138 135 133 129 124 118 93 68 49 36 25 15 0.85 CP5b

19 21.8 21.2 21.0 209 20.7 203 199 193 185 177 140 94 63 43 28 19 13 CP9 A426
7.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 16.7 163 159 116 79 54 36 24 .. CP11
4.5 14.3 14.0 13.8 133 129 128 12.6 124 122 119 116 96 6.1 38 24 . CP12 A426
45 14.5 141 141 141 141 141 141 141 141 136 102 7.7 60 47 34 <. CpP21
7.0 17.0 16.7 165 164 163 16.2 16.0 15.7 152 146 134 97 66 43 2.7\ CP22

Electric Resistance Welddd Pipe

5.8 15.8 158 158 15.8 149 142 .. 3 A333
5.8 15.8 15.8 15.8 15.8 149 14.2 .. 7

Electric Fusion Welded Pipe — Filler Metal |]Added

6.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.6 16.1 ... L65 A672
8.6 186 18.6 18,6 18.6 18.6 18.6 186 18.6 184 179 .. L65

8.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 179’ 174 .. L70 A672
0.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0~:39.9 193 .. L70

9.3 19.3 19.3 19.3 19.3 193 193 193193 193 187 .. L75 A672
1.4 21.4 21.4 214 214 214 214.214 214 214 20.7 .. L75

6.7 16.7 16.7 16.7 16.7 16.716.7 16.7 16.7 16.6 16.1 .. CM-65 A691
8.6 186 18.6 18.6 18.6,18.6 186 186 18.6 184 179 .. CM-65

8.0 18.0 18.0 18.0.18.0 18.0 18.0 18.0 18.0 179 174 .. CM-70 A691
0.0 20.0 20.0 20020.0 20.0 20.0 20.0 20.0 199 193 .. CM-70

9.3 19.3¢(19.3 19.3 19.3 19.3 19.3 193 193 193 187 .. CM-75 A691
1.4 214214 214 214 214 214 214 214 214 20.7 .. CM-75
44— 432 — 83— 53— LoER 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 .. %CR

14.1 139 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.2 102 65 41 25 .. 1CR A691
15.7 154 151 151 151 151 15.1 151 151 151 151 147 11.3 72 45 28 .. 1CR

16.7 164 16.1 16.1 16.1 16.1 16.1 16.1 161 16.1 16.1 156 102 65 41 25 .. 1CR

18.6 18.2 179 179 179 179 179 179 179 179 179 174 113 72 45 28 .. 1CR
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)

ASME B31.1-2018

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 (Cont’'d)
A691 1Y%CR 20,23 1Y,Cr-%Mo-Si 4 (1) (8) 60 35 0.90
1Y,CR 21,22 1Y,Cr-%Mo-Si 4 1 (8 60 35 1.00
1Y,CR 20,23,30,33,40,43 1%Cr-%Mo-Si 4 (1) (9) 75 45 0.90
T7,CR 21,22,31,32,41,42 17,Cr—7%Mo-S1 7 (OIQ) 75 45 1.00
A691  2%CR 20,23 2Y,Cr-1Mo 5A (1) (5) (8) 60 30 0.90
2Y,CR 21,22 2Y,Cr-1Mo 5A (1) (5) (8) 60 30 1.00
2Y,CR 20,23,30,33,40,43 2Y%Cr-1Mo 5A D (5) (9) 75 45 0.90
2Y,CR 21,22,31,32,41,42 2Y%,Cr-1Mo 5A (1 (5) (9) 75 45 1.00
A691  3CR 20,23 3Cr-1Mo 5A (1) (8) 60 30 0.90
3CR 21,22 3Cr-1Mo 5A (1) (8) 60 30 1.00
3CR 20,23,30,33,40,43 3Cr-1Mo 5A (1) (9) 75 45 0.90
3CR 21,22,31,32,41,42 3Cr-1Mo 5A 1) (9) 75 45 1.00
A691  5CR 20,23 5Cr-%4Mo 5B 61948) 60 30 0.90
5CR 21,22 5Cr-%4Mo 5B (1) (8) 60 30 1.00
5CR 20,23,30,33,40,43 5Cr-"4Mo 58 1 9) 75 45 0.90
5CR 21,22,31,32,41,42 5Cr-%Mo 5B 1 9) 75 45 1.00
A691 91 40,43,50,53 9Cr-1Mo-V 15E (1) (9) 85 60 0.90
91 41,42,51,52 9Cr-1Mo-V 15E (1) (9) 85 60 1.00
Plate
A347 2 1 YCr-YsMo 3 55 33 1.00
2 2 PASTA Y 3 (1) 70 45 1.00
5 1 5Cr-%Mo 5B 60 30 1.00
5 2 5Cr-Y4Mo 5B e8] 75 45 1.00
A347 11 1 1Y,Cr-%Mo-Si 4 60 35 1.00
11 2 1Y,Cr-%Mo-Si 4 75 45 1.00
12 1 1Cr-%Mo 4 55 33 1.00
12 2 1Cr-*4Mo 4 65 40 1.00
A347 21 1 3Cr-1Mo 5A 60 30 1.00
21 2 3Cr-1Mo 5A 75 45 1.00
22 1 2Y,Cr-1Mo 5A (5) 60 30 1.00
22 2 2Y%,Cr-1Mo 5A (5) 75 45 1.00
A387 91 2 9Cr-1Mo-1V 15E (10) 85 60 1.00
91 2 9Cr-1Mo-1V 15E (11) 85 60 1.00
Forgings
A182 F1 C-%Mo ) 70 40 1.00
F2 Y%Cr-"%Mo 70 40 1.00
F5 5Cr-%Mo 5B 70 40 1.00
F5a 5Cr-%Mo 5B 90 65 1.00
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)

ASME B31.1-2018

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 ll\)lo.
Electric Fusion Welded Pipe — Filler Metal Added (Cont'd)
154 154 154 154 154 154 154 154 154 151 147 123 84 57 38 2.5 1Y,CR A691
171 171 171 171 171 171 171 17.1 171 168 164 137 93 6.3 4.2 2.8 11/4CR
19.3 19.3 19.3 19.3 193 193 193 193 193 193 182 123 84 57 38 25 1Y,CR
1.4 214 214 214 214 214 214 214 214 214 202 137 93 63 42 28 17,CR
54 154 15.0 149 148 14.6 144 142 14.0 13.7 134 130 103 7.0 46 29 2YCR A691
71 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 38 2Y4eR
9.3 19.3 188 186 185 183 182 18.0 17.7 174 168 142 103 7.0 46 29 2Y,CR
1.4 21.4 209 20.6 20.5 204 20.2 20.0 19.7 193 18.7 158 114 7.8 5.1 3.2 2%CR
|54 154 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 144 108 81 6.3 5.0 3.6 3CR A691
7.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 90 70 55 4D 3CR
9.3 19.3 188 186 185 183 182 18.0 17.7 174 163 11.8 86 61 44 \29 3CR
1.4 21.4 209 20.6 20.5 204 20.2 20.0 19.7 193 181 131 95 68 409y 32 3CR
|54 154 149 148 148 14.6 143 14.0 13.6 131 125 98 72 /52 3.8 26 1.6 09 5CR A691
7.1 17.1 16.6 165 164 16.2 159 156 151 14.5 138 109 80N 58 42 29 18 10 5CR
9.3 19.2 18.7 185 185 182 179 175 17.0 164 129 98 Z2) 52 38 26 16 09 5CR
1.4 21.4 208 20.6 20.5 20.2 199 19.5 189 18.2 143 10980 58 42 29 1.8 10 5CR
19 219 219 218 21.7 214 21.0 20.6 20.0 19.2 183172 16.0 14.7 126 93 63 38 91 A691
4.3 243 243 242 241 23.7 234 229 222 213.20:33 19.1 178 163 140 103 70 43 91
Plate
5.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15{/,15.7 153 143 92 59 2 A387
0.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0{ 20:0 20.0 19.5 186 92 59 .. 2
71 17.1 16.6 165 164 16.2 159 {156 151 145 138 109 80 58 42 29 18 10 5
1.4 21.4 208 20.6 20.5 20.2 199\19.5 189 182 143 109 80 58 42 29 18 10 5
71 171171 171 171 17.1\17.1 171 17.1 168 164 137 93 63 42 28 11 A387
1.4 21.4 214 214 214,214 214 214 214 214 202 137 93 63 42 28 11
5.7 154 15.1 15.1 151+¥5.1 15.1 151 15.1 151 151 147 11.3 7.2 4.5 2.8 12
8.6 18.2 179 17.9¢1%9 179 179 179 179 179 179 174 113 7.2 4.5 2.8 12
7.1 17.1 16.6,46.6 16.6 16.6 16.6 16.6 16.6 16.6 160 120 90 70 55 4.0 21 A387
1.4 2144209 20.6 20.5 204 20.2 20.0 19.7 193 181 131 95 68 49 32 21
7.1 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 38 22
14 214 209 20.6 20.5 204 20.2 20.0 19.7 193 18.7 158 114 7.8 5.1 3.2 22
24.3 24.3 243 242 241 23.7 234 229 222 213 203 191 178 163 140 103 70 43 91 A387
24.3 243 243 242 241 23.7 234 229 222 213 203 191 178 163 129 96 70 43 91
Forgings
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 193 .. F1 A182
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 193 186 9.2 59 .. F2
20.0 20.0 19.4 19.2 19.2 189 18.6 182 17.6 17.0 143 109 80 58 42 29 18 1.0 F5
25.7 25.7 249 24.7 24.6 243 239 234 227 191 143 109 80 58 42 29 18 1.0 F5a
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(18) 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
Forgings (Cont’'d)

A182 F11 Class 1 1Y,Cr-"%Mo-Si 4 60 30 1.00
F11 Class 2 1Y,Cr-Y4Mo-Si 4 70 40 1.00
F11 Class 3 1Y,Cr-Y%,Mo-Si 4 75 45 1.00
F12 Class 1 TCr-%Mo Z 60 30 1.00
F12 Class 2 1Cr-%Mo 4 70 40 1.00
F21 3Cr-1Mo 5A 75 45 1.00
F22 Class 1 2Y%,Cr-1Mo 5A (5) 60 30 1.00
F22 Class 3 2Y%,Cr-1Mo 5A (5) 75 45 1.00
F36 Class 1 1.15Ni-0.65Cu-Mo-Cb (12) (13) 90 64 1.00
F36 Class 2 1.15Ni-0.65Cu-Mo-Cb (12) (13) 955 66.5 1.00
F9 9Cr-1Mo 5B 85 55 1.00
F91 9Cr-1Mo-V 15E 85 60 1.00

A336 F1 Cc-%Mo 3 2) 70 40 1.00
F5 5Cr-"%Mo 5B 60 36 1.00
F5A 5Cr-"%Mo 5B 80 50 1.00
F11 Class 1 1Y,Cr-%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-%Mo 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
F22 Class 3 2Y%,Cr-1Mb 5A (5) 75 45 1.00
F91 9Cr-1Mo-V 15E (10) 85 60 1.00
F91 9Cr-1Mo-V 15E (11 85 60 1.00

A390 LF3 3%, Ni 9B €)) 70 40 1.00
LF4 %,Cr-%,Ni-Cu-Al 4 €)) 60 1.00
LF5 Class 1 1%Ni 9A (1) 60 30 1.00
LF5 Class Z 1%Ni 9A €)) 70 37 1.00
LF9 2Ni-1Cu 9A €)) 63 46 1.00

Wroupht Fittings (Seamless and Welded)

A234 WP1 c-%Mo 3 ) 55 30 1.00
WP5 Class 1 5Cr-"%Mo 5B 60 30 1.00
W5 Class 3 5Cr-"%4Mo 5B 75 45 1.00
Wb9 Class 1 9Cr-1Mo 5B 60 30 1.00
WP Class— 1locrLoMe 4 60 39 1.00
WP11 Class 3 1Y,Cr-"%Mo 4 75 45 1.00
WP12 Class 1 1Cr-%Mo 4 (6) 60 32 1.00
WP12 Class 2 1Cr-“%Mo 4 70 40 1.00

A234  WP22 Class 1 2Y%,Cr-1Mo 5A (5) 60 30 1.00
WP22 Class 3 2Y%,Cr-1Mo 5A (5) 75 45 1.00
WP91 9Cr-1Mo-V 15E (10) 85 60 1.00
WP91 9Cr-1Mo-V 15E (11) 85 60 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.

Forgings (Cont'd)

17.1 17.1 17.1 168 16.2 157 154 151 148 144 140 136 93 63 42 28 .. F11 A182
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
7.1 16.8 16.5 16.5 16.5 16.3 16.0 15.8 155 153 149 145 11.3 72 45 28 .. F12
0.0 19.6 19.2 19.2 19.2 19.2 19.2 19.2 19.2 191 186 180 11.3 72 45 28 .. F12
1.4 21.4 209 206 20.5 204 20.2 20.0 19.7 193 181 131 95 68 49 32 .. F21
7.1 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 38 .. F22
1.4 21.4 209 20.6 20.5 20.4 20.2 20.0 19.7 193 18.7 158 114 78 51 32 . F22
5.7 25.7 25.1 25.1 25.1 251 251 251 .. F36
7.3 27.3 26.6 26.6 26.6 26.6 26.6 26.6 . F36

4.3 24.2 235 234 233 229 22.6 221 214 206 19.6 164 11.0 74 50 33-\22 15 F9
4.3 24.3 24.3 24.2 241 23.7 234 229 222 213 203 19.1 178 163 140 103/ 70 43 F9I1

0.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 193 137 82 48 .. F1 A336
7.1 17.1 16.6 16.5 164 16.2 159 156 151 145 138 109 80 5842 29 18 10 F5
29 228221 220 219 21.6 213 208 20.2 19.1 143 109 80 /S8 42 29 1.8 1.0 F5A

7.1 171 17.1 168 16.2 157 154 151 14.8 144 14.0 13.6 93\ 63 42 28 .. F11
0.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.7 19.2 187 137 93) 63 42 28 .. F11
1.4 21.4 214 214 214 214 214 214 214 214 202 137293 63 42 28 .. F11
0.0 19.6 19.2 19.2 19.2 19.2 19.2 19.2 19.2 191 186 180 11.3 72 45 28 .. F12

7.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 160120 9.0 70 55 40 27 15 F21
1.4 21.4 209 20.6 20.5 20.4 20.2 20.0 19.7 193 .181 131 95 68 49 32 24 13 F21
7.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16l6) 16.6 13.6 108 80 57 38 .. F22
1.4 21.4 209 20.6 20.5 204 20.2 20.0 19.7219.3 187 158 114 78 51 32 . F22
4.3 243 243 24.2 241 23.7 234 229,22:2° 213 203 19.1 178 163 140 103 70 43 F91
4.3 24.3 243 242 241 237 234 229222 213 203 191 178 163 129 9.6 70 43 F9I1

0.0 20.0 20.0 20.0 20.0 18.8 179\ . LF3 A350
7.1 17.1 17.1 17.1 17.1 17.1017% . LF4
7.1 16.5 15.7 15.3 153 (0 LF5
0.0 19.2 18.3 17.8 17.8( . LF5

Wrought Fittings (Seamless and Welded)
5.7 15.7 15.A5.7 15.7 15.7 15.7 15.7 154 149 145 .. WP1 A234
7.1 17.1<16,6 16.5 164 16.2 159 156 151 145 138 109 80 58 42 29 1.8 10 WP5
1.4 214,208 20.6 20.5 20.2 199 195 189 182 143 109 80 58 42 29 18 10 WP5
|74, 17.1 16.6 165 164 16.2 159 156 151 14.5 138 13.0 106 74 50 33 22 15 WP9

71 171 171 | Q 10 1L 7 1L 4 1L 1 1.4-Q 1.4-4 140 12 0.2 2 42 2.0 JAID11
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 16.5 163 16.0 15.8 15.5 153 149 145 113 72 45 28 .. WP12
20.0 19.6 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.1 18.6 180 113 72 45 28 .. WP12
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 38 .. wp22 A234
21.4 21.4 209 20.6 20.5 204 20.2 20.0 19.7 19.3 18.7 158 114 78 51 32 . wp22

24.3 24.3 24.3 24.2 241 237 234 229 222 213 203 19.1 178 163 140 103 7.0 43 WP91l
24.3 24.3 243 24.2 241 237 234 229 222 213 203 191 178 163 129 96 70 43 WP9I1l
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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

Castings

A217  WC1 Cc-%Mo 3 (2) (3) (4) 65 35 0.80
wc4 1Ni-*4Cr-"4Mo 4 3) 4 70 40 0.80
WC5S ~/4Ni-1Mo-7,Cr 4 B™ 70 40 0.80
WwCeé 1Y,Cr-%%4Mo 4 3) 4 70 40 0.80
A217  WC9 2Y,Cr-1Mo 5A 3“4 70 40 0.80
C5 5Cr-"Mo 5B 3) @) 90 60 0.80
C12 9Cr-1Mo 5B 3) @) 90 60 0.80
C12A 9Cr-1Mo-V 15E 4 (14) 85 60 0.80
A10p1 €91 9Cr-1Mo-V 15E (4) (14) 85 60 0.80
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)

ASME B31.1-2018

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.

Castings
149 149 149 149 149 149 149 14.7 143 139 135 wcC1 A217
16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 154 120 7.4 47 .. wc4
6.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 154 13.0 88 55 37 22 WC5
6.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 158 154 15.0 11.0 74 50 34 22 wce
6.0 16.0 158 15.5 154 154 153 15.0 148 143 138 126 91 6.2 4.1 2.6 .. WC9 A217
0.6 20.6 199 19.8 19.7 194 19.1 18.7 182 153 114 87 64 46 34 23 14 _08 °C5
0.6 20.6 199 19.8 19.7 194 19.1 187 182 174 16.6 131 88 59 40 26 1.8 )2 C(Cl12
9.4 194 189 182 176 17.1 16.8 16,5 16.2 158 153 148 142 114 9.1 7.0 (52 34 Cl12A
9.4 19.4 189 182 17.6 17.1 168 16.5 16.2 158 153 14.8 14.2 11.4 9.1 70/ 52 34 (91 A1091
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ASME B31.1-2018

Table A-2 Low and Intermediate Alloy Steel (Cont’'d)

GENERAL NOTES:
The tabulated specifications are ANSI/ASTM or 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 the 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 § x F (material quality factor), as applicable. Weld joint efficiency factors
are shown in Table 102.4.3-1.
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g the requirements of those standards. The allowable stress values given in this Table are for use in designing piping comp
are not manufactured in accordance with referenced standards.

materials listed are classifed 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 USE ON BOILER EXTERNAL PIPING — SEE FIGURE 100.1:2-Y, FIGURE 100.1.2-2, H
2-3, FIGURE 100.1.2-4, FIGURE 100.1.2-5, FIGURE 100.1.2-6, AND FIGURE 100.1.2-7.

prolonged exposure to temperature 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).

4 Grade WP12 fittings are made from A387 Grade 12 Class 1 plate, the allowable stress values shall be reduced by the rati
d by 60 in the temperature range —20°F through 850°F. At 900°F through 1,100°F, the values shown may be used.
utual quality factor for centrifugally cast pipe (0.85) is based on all surfaces 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.

allowable stress values apply to thickness less than 3 in.

allowable stress values apply to thickness 3 in. or greater.

pbrdance 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 portions of water systems with low strain rates (<1.0%/sec), higher temperatures [abovg
£)], 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 dissolved oxygen 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 the 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
izinglocalized strain concentrations, in control of water chemistry and during lay-up by limiting dissolved oxygen and pH excu
operatiow by, conservative startup, shutdown, and turndown practices.
ditional‘réquirements for this material, see para. 125.1.

aterial quality factors and allowable stress values for these materials may be increased in accordance with para. 102.4..

re—EemperaEure raElngs of piping componenEs, as puﬁllslied TN standards referenced in this Code, may be used for comppnents
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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

TP304H S30409  18Cr-8Ni 8 .. 75 30 1.00

TP304H S30409  18Cr-8Ni 8 (9) 75 30 1.00

A213 TP304L S30403  18Cr-8Ni 8 (1) 70 25 1.00

TP304L S30403  18Cr-8Ni 8 (1) (9) 70 25 1.00

TP304N S30451  18Cr-8Ni-N 8 (10) 80 35 1.00

TP304N 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 (1) (9) 87 45 1.00

A213 TP309H S30909  23Cr-12Ni 8 (9) 75 30 1.00

TP309H S30909  23Cr-12Ni 8 .. 75 30 1.00

TP310H S31009  25Cr-20Ni 8 (9) 75 30 1.00

TP310H S31009  25Cr-20Ni 8 75 30 1.00

A213 TP316 S$31600  16Cr-12Ni-2Mo 8 (10) 75 30 1.00

TP316 S31600  16Cr-12Ni-2Mo 8 (9) (10) 75 30 1.00

TP316H S31609  16Cr-12Ni-2Mo 8 .. 75 30 1.00

TP316H S31609  16Cr-12Ni-2Mo 8 (9) 75 30 1.00

A213 TP316L S31603  16Cr-12Ni~2Mo 8 (1) (29) 70 25 1.00

TP316L S31603  16Cr-12Ni-2Mo 8 (1) (9) (29 70 25 1.00

TP316N S31651  16€r-12Ni-2Mo-N 8 (10) 80 35 1.00

TP316N S31651 ( 16Cr-12Ni-2Mo-N 8 (9)(10) 80 35 1.00

A213 TP316Ti §31635  16Cr-12Ni-2Mo-Ti 8 (10) 75 30 1.00

TP316Ti S$31635  16Cr-12Ni-2Mo-Ti 8 (9) (10) 75 30 1.00

TP317 S31700  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 (1) 75 30 1.00

TP317L S$31703  18Cr-13Ni-3Mo 8 (1)) 75 30 1.00

A213 TP321 §32100  18Cr-10Ni-Ti 8 (10) 75 30 1.00

TP32T S321T00 I8CI—1ONI=TI 8 (o) (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

A213 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

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 (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
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 TP304 A213

20.0 20.0 189 183 17.5 16.6 16.2 158 155 15.2 149 146 143 140 124 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 10.6 104 10.1 98 77 61 TP304H

20.0 20.0 189 183 17.5 16.6 16.2 158 15.5 152 149 14.6 143 140 124 9.8 7.7 61 TP304H

16.7 143 12.8 11.7 109 104 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 .. TP304L
229 19.1 16.7 15.1 14.0 13.3 13.0 128 12,5 123 12.1 118 11.6 11.3 11.0 9.8  7.7/~.68 TP304N
229 229 21.7 203 189 179 17.5 17.2 169 16.6 163 16.0 156 152 124 9.8 A7) 61 TP304N

249 247 22.0 199 185 17.7 174 17.2 17.0 16.8 16.6 164 16.2 149 116 9.0 69 52 .. A213
249 247 233 224 218 214 21.2 21.0 20.8 20.6 20.3 20.0 19.1 149 11.6\»90 69 52

20.0 20.0 20.0 20.0 19.4 188 18.5 18.2 18.0 17.7 17.5 17.2 169 13.810.3 76 55 4.0 TP309H A213
20.0 17.5 16.1 15.1 144 139 13.7 135 13.3 13.1 129 12.7 125 _A23 103 76 55 4.0 TP309H
20.0 20.0 20.0 199 19.3 185 182 179 17.7 17.4 17.2 169 167 138 10.3 76 55 4.0 TP310H
20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 12523 121 103 76 55 40 TP310H

20.0 17.3 15.6 14.3 133 12.6 123 12.1 119 118 11.6 115 114 113 11.2 111 98 74 TP316 A213
20.0 20.0 20.0 193 18.0 17.0 16.6 16.3 16.1 159 157 15.6 154 153 151 124 98 74 TP316
20.0 17.3 15.6 143 133 12.6 123 12.1 119 11.8,11.6 11.5 114 113 11.2 111 98 74 TP316H
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 TP316H

16.7 141 127 11.7 109 104 10.2 160098 96 94 92 90 88 86 84 83 64 TP316L A213
16.7 16.7 16.0 15.6 14.8 14.0 13.8,135 13.2 13.0 12.7 124 121 119 116 114 88 64 TP316L
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 TP316N
229 229 22.0 215 21.2 21.0 20.5 20.0 19.6 19.2 18.8 185 18.1 178 158 123 98 74 TP316N

20.0 17.7 15.8 14.3 2327124 12.2 12.0 119 118 11.7 11.6 115 114 11.2 11.0 9.8 74 TP316Ti A213
20.0 20.0 20.0 194178 16.8 16.5 16.2 16.0 159 158 15.7 155 153 151 123 9.8 74 TP316Ti
20.0 17.3 15.6«143 133 12.6 123 12.1 119 118 11.6 11.5 114 113 112 111 9.8 74 TP317
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 TP317

20.0 17,08\152 14.0 13.1 125 12.2 12.0 11.7 11.5 11.3 .. TP317L
20.0 ,20:0*19.6 189 17.7 169 16.5 16.2 158 15.5 152 .. TP317L
20.0” 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 12.4 123 12.1 12.0 9.6 69 50 36 TP321 A213

2000 200 19T 187 187 183179 175 17.2 169 16.7 165 164 162 96 069 50U 3.6 1P32T
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 TP321H
20.0 20.0 19.1 18.7 187 183 179 17.5 17.2 169 16.7 16.5 164 162 123 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 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 16.8 168 16.8 16.8 16.8 16.7 16.6 164 162 141 105 79 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
Seamless Pipe and Tube: Austenitic (Cont’d)

A213 TP348 S34800  18Cr-10Ni-Cb 8 (10) 75 30 1.00

TP348 S$34800 18Cr-10Ni-Cb 8 (9) (10) 75 30 1.00

TP348H S34809  18Cr-10Ni-Cb 8 .. 75 30 1.00

TP348H S34809  18Cr-10Ni-Cb 8 (9 75 30 1.00

A317 N08904  44Fe-25Ni-21Cr-Mo 45 (1) 71 31 1.00

TP304 S$30400 18Cr-8Ni 8 (10) 75 30 1.00

TP304 S30400  18Cr-8Ni 8 (9)(10) 75 30 1.00

TP304H S30409  18Cr-8Ni 8 . 75 30 1.00

TP304H S30409  18Cr-8Ni 8 (9) 75 30 1.00

A317 TP304L S30403 18Cr-8Ni 8 (1) 70 25 1.00

TP304L S30403 18Cr-8Ni 8 (1) (9) 70 25 1.00

TP304N S30451  18Cr-8Ni-N 8 (10) 80 35 1.00

TP304N S30451  18Cr-8Ni-N 8 (9)(10) 80 35 1.00

A317 S30815 21Cr-11Ni-N 8 (1) 87 45 1.00

S30815  21Cr-11Ni-N 8  (LN9) 87 45 1.00

A317 TP309H S30909  23Cr-12Ni 8\.19) 75 30 1.00

TP309H S30909  23Cr-12Ni 8 .. 75 30 1.00

TP310H S31009  25Cr-20Ni 8 (9) 75 30 1.00

TP310H S$31009 25Cr-20Ni 8 75 30 1.00

A317 TP316 S31600  16Cr-12Ni-2Mo 8 (10) 75 30 1.00

TP316 S31600  16Cr-12Ni<2Mo 8 (9)(10) 75 30 1.00

TP316H S$31609 16Cr-12Ni-2Mo 8 .. 75 30 1.00

TP316H $31609 16€r-12Ni-2Mo 8 (9 75 30 1.00

A317 TP316L S31603 y 16Cr-12Ni-2Mo 8 (1) (29) 70 25 1.00

TP316L S31603  16Cr-12Ni-2Mo 8 (1) (9) (29) 70 25 1.00

TP316N S31651  16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00

TP316N S31651 16Cr-12Ni-2Mo-N 8 (9) (10) 80 35 1.00

A317 TP317LMN™ S31726  19Cr-15.5Ni-4Mo 8 (1) 80 35 1.00

TP317L\MN - ... S31726  19Cr-15.5Ni-4Mo 8 (MM 80 35 1.00

TP3167Ti S31635  16Cr-12Ni-2Mo-Ti 8 (10) 75 30 1.00

TP316Ti S31635 16Cr-12Ni-2Mo-Ti 8 (9) (10) 75 30 1.00

A312 TP317 S31700  18Cr-13Ni-3Mo 8 (1) (10) 75 30 1.00

TP317 S31700  18Cr-13Ni-3Mo 8 (1) (9) (10) 75 30 1.00

TP317L S$31703  18Cr-13Ni-3Mo 8 . 75 30 1.00

TP317L S31703  18Cr-13Ni-3Mo 8 (9) 75 30 1.00

A312 TP321 $32100 18Cr-10Ni-Ti 8 (10) (30) 75 30 1.00

TP321 S$32100  18Cr-10Ni-Ti 8 (9) (10) (30) 75 30 1.00

TP321H §$32109  18Cr-10Ni-Ti 8 . 75 30 1.00

TP321H §$32109  18Cr-10Ni-Ti 8 (9)(30) 75 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.
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 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 141 10.5 79 TP348H

20.3 16.7 15.1 13.8 12.7 119 116 114 .. A312
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 7.7 61, TP304
20.0 20.0 189 183 17.5 16.6 16.2 158 15.5 15.2 149 14.6 143 140 124 98 7.7 (6.1, TP304
20.0 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 10.1 9.8 7.7 6.1 TP304H
20.0 20.0 189 183 17.5 16.6 16.2 158 155 15.2 149 14.6 143 14.0 124 9.8 » .77 61 TP304H

16.7 143 128 11.7 109 10.4 10.2 10.0 9.8 9.7 .. TP304L A312
16.7 16.7 16.7 15.8 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 12.3 121 118 11.6 113 1k0. 98 77 6.1 TP304N
229 229 21.7 203 189 179 175 17.2 169 16.6 163 16.0 156 152,124 98 77 61 TP304N

249 247 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 162 449 116 9.0 69 52 .. A312
249 247 233 224 218 214 21.2 21.0 20.8 20.6 20.3 20.0 A9 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 17.5 LA2°169 138 103 76 55 40 TP309H A312
20.0 17.5 16.1 15.1 14.4 139 13.7 135 13.3 13.1 129 12.7 125 123 103 76 55 4.0 TP309H
20.0 20.0 20.0 199 19.3 185 18.2 179 17.7 174 _@7.2 169 16.7 138 10.3 76 55 40 TP310H
20.0 17.6 16.1 151 14.3 13.7 13.5 13.3 13.1 1299 12.7 125 123 121 103 76 55 4.0 TP310H

20.0 173 15.6 14.3 133 12.6 123 12.1 119 118 11.6 115 114 113 112 111 98 74 TP316 A312
20.0 20.0 20.0 19.3 18.0 17.0 16.6 163\16.1 159 15.7 15.6 154 153 151 124 98 74 TP316
20.0 17.3 15.6 143 133 12.6 123,124 119 118 11.6 115 114 113 112 111 98 74 TP316H
20.0 20.0 20.0 19.3 18.0 17.0 16\, 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 TP316H

16.7 14.2 127 11.7 109 104°10.2 100 98 96 94 92 90 88 86 84 83 64 TP316L A312
16.7 16.7 16.7 15.7 148 {14.0 13.7 13.5 13.2 129 12.7 124 121 119 116 114 88 64 TP316L
229 207 19.0 17.6.16,5 15.6 152 149 145 14.2 139 13.7 134 132 129 123 98 74 TP316N
229 229 22.0 24.5,21.2 21.0 20.5 20.0 19.6 19.2 18.8 185 18.1 178 158 123 98 74 TP316N

229 20.0 #7959 163 153 14.6 .. TP317LMN A312
229 218209 205 203 19.7 .. TP317LMN

20.0 «I7.7 158 14.3 13.2 124 122 12.0 119 11.8 11.7 116 115 114 112 11.0 98 74 TP316Ti
20:0.\20.0 20.0 19.4 178 16.8 16.5 16.2 16.0 159 158 15.7 155 153 151 123 98 74 TP316Ti

20.0 17.3 15.6 143 133 12.6 123 12.1 119 118 11.6 115 114 113 112 111 98 74 TP317 A312
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 TP317

20.0 17.0 15.2 14.0 13.1 125 12.2 12.0 11.7 11.5 113 .. TP317L

20.0 20.0 19.6 189 17.7 169 16.5 16.2 158 155 152 .. 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 18.7 187 183 179 17.5 17.2 169 16.7 165 164 162 96 69 50 36 TP321
20.0 180 16.5 153 143 13.5 13.2 13.0 12.7 12.6 124 123 121 12.0 119 91 69 54 TP321H
20.0 20.0 19.1 18.7 187 183 179 17.5 17.2 169 16.7 16.5 164 162 123 9.1 69 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 (Cont’d)

A312 TP321 $32100  18Cr-10Ni-Ti 8 (10) (31) 70 25 1.00

TP321 $32100  18Cr-10Ni-Ti 8 (9) (10) (31) 70 25 1.00

TP321H S32109  18Cr-10Ni-Ti 8 (31) 70 25 1.00

TP32TH S32109  18Cr-10Ni-Ti 8 (9) (31) 70 25 1.00

A317 TP347 S34700  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

A317 TP348 S34800  18Cr-10Ni-Cb 8 (10) 75 30 1.00

TP348 S34800  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00

TP348H S34809  18Cr-10Ni-Cb 8 .. 75 30 1.00

TP348H S34809  18Cr-10Ni-Cb 8 (9) 75 30 1.00

A317 TPXM-15 $38100  18Cr-18Ni-2Si 8 (1) 75 30 1.00

TPXM-15 S38100  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) (9) 100 55 1.00

S31254  20Cr-18Ni-6Mo 8 (1) 95 45 1.00

S31254  20Cr-18Ni-6Mo 8 (1) (9) 95 45 1.00

A374 TP304 S30400  18Cr-8Ni 8 (10) 75 30 1.00

TP304 S30400  18Cr-8Ni 8 (9)(10) 75 30 1.00

TP304H S30409  18Cr-8Ni 8 . 75 30 1.00

TP304H S30409  18€r-8Ni 8 (9) 75 30 1.00

TP304N S30451 ( 18Cr-8Ni-N 8 (10) 80 35 1.00

TP304N S30451 ) 18Cr-8Ni-N 8 (9)(10) 80 35 1.00

A374 TP316 S$31600  16Cr-12Ni-2Mo 8 (10) 75 30 1.00

TP316 $31600  16Cr-12Ni-2Mo 8 (9) (10) 75 30 1.00

TP316H S31609  16Cr-12Ni-2Mo 8 .. 75 30 1.00

TP316H S31609  16Cr-12Ni-2Mo 8 (9) 75 30 1.00

TP316N S31651  16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00

TR316N S31651  16Cr-12Ni-2Mo-N 8 (9) (10) 80 35 1.00

A376 TP32+ S532+06—H8Er—toN—Tt 8—163 5 36 1.00

TP321 $32100  18Cr-10Ni-Ti 8 (9) (10) 75 30 1.00

TP321H $32109  18Cr-10Ni-Ti 8 . 75 30 1.00

TP321H S$32109  18Cr-10Ni-Ti 8 (9) 75 30 1.00

A376 TP347 S34700  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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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)

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 6.9 50 36 TP321 A312
16.7 16.7 16.7 16.7 16.1 15.2 149 14.6 14.3 14.1 139 138 13.6 135 9.6 6.9 50 3.6 TP321
16.7 15.0 13.8 128 119 11.3 11.0 10.8 10.6 10.5 10.3 10.2 101 100 96 91 69 54 TP321H
16.7 16.7 16.7 16.7 16.1 15.2 149 14.6 143 141 139 138 13.6 135 123 91 69 54 TP321IH
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 (TP347 A312
20.0 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 160 12.1 9.1 6.1 4.4\ 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 10.5~.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 10.5)°79 TP347H
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 91~ 61 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 16.6 160 12.1 91 61 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 16.47,162 141 105 7.9 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 15.2 149 14.6 (106" 104 .. TPXM-15
28.6 284 269 26.0 255 25.0 24.6 24.2 239 23.5 23.3 230,22.7 22.5 22.2 TPXM-19
28.6 284 269 26.0 255 251 24.9 24.7 245 24.2 23.9°23.6 23.2 228 223 TPXM-19
27.1 27.1 25.8 24.6 23.7 23.2 23.1 23.0 229
271 245 219 20.2 19.1 183 18.0 17.8 17.7
20.0 16.7 15.0 13.8 129 123 12.0 11.7 15 11.2 11.0 108 106 104 101 98 77 61 TP304 A376
20.0 20.0 189 183 17.5 16.6 16.2 158\15.5 152 149 14.6 143 14.0 124 98 77 61 TP304
20.0 16.7 15.0 138 129 12.3 12.0,1%7 11.5 11.2 11.0 10.8 10.6 104 10.1 9.8 7.7 6.1 TP304H
20.0 20.0 189 183 17.5 16.6 162 15.8 155 15.2 149 14.6 143 14.0 124 98 77 6.1 TP304H
229 19.1 16.7 15.1 14.0 13.8 13.0 12.8 12,5 123 121 118 11.6 113 11.0 98 77 6.1 TP304N
229 229 217 203 189 179 175 17.2 169 16.6 163 16.0 156 152 124 98 77 6.1 TP304N
200 173 156 143\133 12.6 123 12.1 119 11.8 11.6 11.5 114 113 112 111 98 74 TP316 A376
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 9.8 74 TP316
20.0 17.3 156 143 133 12.6 123 12.1 119 118 11.6 11.5 114 113 112 111 98 74 TP316H
20.0 20,0%200 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 _2007°19.0 17.6 16.5 15.6 152 149 145 14.2 139 13.7 134 132 129 123 98 74 TP316N
22,9229 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 188 18.5 181 178 158 123 98 74 TP316N
28:6—18:0—16-5—153— 1431351323012 121242312 —26— 96— 69—56—36—FP32% A376
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 6.9 50 3.6 TP321
20.0 180 16.5 153 143 13.5 13.2 13.0 12.7 12.6 124 123 121 120 119 91 69 54 TP321H
20.0 20.0 19.1 18.7 187 183 179 17.5 17.2 169 16.7 165 164 162 123 91 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 A376
20.0 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 160 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 16.8 168 16.8 16.8 16.8 16.7 16.6 164 162 141 105 79 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 (Cont’d)
A376 TP348 S34800  18Cr-10Ni-Cb (10) 75 30 1.00
TP348 S$34800 18Cr-10Ni-Cb (9) (10) 75 30 1.00
A789 $32550— 25.5C¢-5.5Ni-3.5Mo-2Cu—10H (1} (25} (26) 110 80 1.00
A79( $32550  25.5Cr-5.5Ni-3.5Mo-2Cu 10H (1) (25) (26) 110 80 1.00
Seamless Pipe and Tube: Ferritic/Martensitic
A264 TP405 S40500  12Cr-Al 7 (3) 60 30 1.00
TP410 S41000  13Cr 6 .. 60 30 1.00
TP429 S$42900 15Cr 6 (3) 60 35 1.00
TP430 S$43000 17Cr 7 (3) 60 35 1.00
TPXM-27 S44627  26Cr-1Mo 101 (1) (2) 65 40 1.00
TP446-1 S44600  27Cr 101 .. 70 40 1.00
TPXM-33 S44626  27Cr-1Mo-Ti 101 (2) 68 45 1.00
Seanpless Pipe and Tube: Ferritic/Austenitic
A789 $31803 $31803  22Cr-5.5Ni-3Mo-N 10H (1) (28) (24) 90 65 1.00
$32101 §32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1)(23) (24) 94 65 1.00
2205 S32205  22Cr-5.5Ni-3Mo-N 10H_ (1 (23) (24) 95 70 1.00
S$32003 S$32003 21Cr-3.5Ni-1.75Mo-N 1OH (1) (23) (24) 100 70 1.00
$32101 $32101  21Cr-5Mn-1.5Ni-Cu-N _\10H (1) (23) (24) 101 77 1.00
S32750 §32750  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 1.00
A79( $31803 S31803  22Cr-5.5Ni-3MotN 10H (1) (23) (24) 90 65 1.00
$32101 $32101  21Cr-5Mn-15Ni-Cu-N  10H (1) (23) (24) 94 65 1.00
$32003 S32003  21Cr-3.5Ni=1.75Mo-N 10H (1) (23) (24) 95 65 1.00
2205 §32205  22Cr-5:5Ni-3Mo-N 10H (1) (23) (24) 95 65 1.00
$32101 $32101  21€r-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 101 77 1.00
$32750 $32750 ( 25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 1.00
Centrifugally Cast Pipe: Austenitic
A451 CPF8 J92600 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 J92710 18Cr-10Ni-Cb 8 (1) (8) (10) (17) 70 30 0.85
CPF8C ]92710 18Cr-10Ni-Cb 8 (1) (8) (9) (10) (17) 70 30 0.85
CPF8M ]92900 18Cr-9Ni-2Mo 8 (1) (8) (13) (17) 70 30 0.85
CPE8M ]92900 18Cr-9Ni-2Mo 8 (1) (8)(9) (13) (17) 70 30 0.85
A451 €PH8 J93400  25Cr-12Ni 8 (1) (8)(10) 17N 65 28 0.85
CPH8 T93400 Z5Cr—12ZNt 8 (ot 65 28 0.85
CPH10 J93410  25Cr-12Ni 8 (1) (6) (8) (10) (17) (70) 30 0.85
CPH10 J93410  25Cr-12Ni 8 (1)(6)(8)(9) (10) (17) (70) 30 0.85
A451 CPH20 ]93402 25Cr-12Ni 8 (1) (6) (8) (10) (17) (70) 30 0.85
CPH20 193402 25Cr-12Ni 8 (1)(6) (8)(9)(10) (17) (70) 30 0.85
CPK20 194202 25Cr-20Ni 8 (1) (8)(10) (17) 65 28 0.85
CPK20 J94202 25Cr-20Ni 8 (1) (8)(9) (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 13.4 134 121 9.1 6.1 44 TP348 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 TP348

314 313 295 28¢5 292 A789

314 313 29.5 28,6 282 .. A790

Seamless Pipe and Tube! Ferritic{Martensitic

17.1 171 16.8 16,5 16.3 159 15.6 152 .. TP405 A268
17.1 171 16.8 16,5 16.3 159 15.6 152 .. TP410

171 171 16.8 16.5 16.3 159 15.6 152 .. TP429

171 171 16.8 16.5 16.3 159 15.6 152 .. TP430

18.6 18.6 183 18.1 181 18.1 181 .. TPXM-27

20.0 20.0 19.3 188 184 179 17.7 .. TP446-1

194 194 193 19.0 188 184 181 .. TPXM-33

Seamless Pipe and Tube: Ferriti¢/Austenitic

25.7 257 24.8 239 233 231 .. S31803 A789
269 269 25.6 24.7 24.7 247 .. S32101

271 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 26.5 265 .. §32101

33.1 33.0 31.2 30.1 29.6 294 .. $32750

25.7 25.7 248 239 233 231 .. $31803 A790
269 269 25.6 24.7 24.7 24.7 .. §32101

271 263 24.8 245 245 245 245 .. §32003

271 27.1 26.2 252 24.6 243 .. 2205

289 289 275 265 26,5 265 . S32101

33.1 33.0 31.2 30.1 29.6 294 ). §32750

Centrifugally Cast Pipg: Austenitic
17.0 142 12.7 11.7 11)0 105 102 99 98 95 94 92 90 88 81 64 51 41 CPF8 A451
17.0 16.1 15.0 145144 14.1 13.8 134 13.2 129 12.7 124 122 104 8.1 6.4 51 41 CPF8
17.0 14.2 127y117 11.0 104 10.2 100 98 95 94 92 9.0 88 8.6 7.8 52 3.8 CPF8C
17.0 161 @50 14.5 144 14.1 13.8 13.5 13.2 129 12,6 124 121 119 103 78 52 3.8 CPF8C
17.0 14%6~13.2 12.1 11.3 10.7 104 103 10.1 10.0 99 98 97 96 95 76 59 46 CPF8M
17.0 %0 16.5 163 152 144 14.1 138 13.6 13.5 133 13.2 131 126 98 76 59 46 CPF8M

t5.8- 13.0 12.0 11.5 11.1 10.8 10.5 103 10.0 9.7 94 9.1 87 84 72 55 43 32 CPHS8 A451

58— 4 137 13T 13T 13T 130129128125 1221t 8 11t3— 9% 2 55 %3 32 CPIS8
17.0 139 128 123 119 115 11.3 11.0 10.7 104 10.0 9.7 78 50 32 21 13 0.85 CPH10
17.0 15.6 145 14.1 141 141 14.0 139 13.8 135 13.1 127 78 50 32 21 1.3 085 CPH10

17.0 139 128 123 119 115 11.3 11.0 10.7 104 10.0 9.7 94 9.0 72 55 43 32 CPH20 A451
17.0 15.6 145 14.1 14.1 141 14.0 139 13.8 13.5 13.1 127 121 94 72 55 43 32 CPH20
158 13.0 12.0 11.5 11.1 10.8 10.5 103 10.0 9.7 94 91 87 84 81 72 62 51 CPK20
158 144 134 13.1 13.1 131 13.0 129 128 125 122 118 113 96 83 72 62 51 CPK20

149


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

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

A249 TP304 S30400  18Cr-8Ni 8 (10) 75 30 0.85

TP304 S30400 18Cr-8Ni 8 (9) (10) 75 30 0.85

TP304H S30409  18Cr-8Ni 8 .. 75 30 0.85

TP304H S30409  18Cr-8Ni 8 (9 75 30 0.85

A249 TP304L S30403 18Cr-8Ni 8 (1) 70 25 0.85

TP304L $30403  18Cr-8Ni 8 (1) (9) 70 25 0.85

TP304N S30451  18Cr-8Ni-N 8 (10) 80 35 0.85

TP304N S30451  18Cr-8Ni-N 8 (9)(10) 80 35 0.85

A249 S30815 21Cr-11Ni-N 8 (1) 87 45 0.85

$30815  21Cr-11Ni-N 8 (1) (9) 87 45 0.85

A249 TP309H S30909  23Cr-12Ni 8 (9) 75 30 0.85

TP309H S30909  23Cr-12Ni 8 75 30 0.85

A249 TP316 S31600  16Cr-12Ni-2Mo 8 (20) 75 30 0.85

TP316 S$31600 16Cr-12Ni-2Mo 8 (7(9) (10) 75 30 0.85

TP316H S31609  16Cr-12Ni-2Mo 8 .. 75 30 0.85

TP316H S31609  16Cr-12Ni-2Mo 8 (9) 75 30 0.85

A249 TP316L S$31603 16Cr-12Ni-2Mo 8 (1) (29) 70 25 0.85

TP316L $31603  16Cr-12Ni-2Mo 8 (1) (9) (29) 70 25 0.85

TP316N S31651  16Cr-12Nix2Mo-N 8 (10) 80 35 0.85

TP316N S31651  16Cr-12Ni-2Mo-N 8 (9)(10) 80 35 0.85

A249 TP317 $31700 ( 18Cr-13Ni-3Mo 8 (1) (10) 75 30 0.85

TP317 $31700_) 18Cr-13Ni-3Mo 8 (1) (9) (10) 75 30 0.85

TP321 S32100 18Cr-10Ni-Ti 8 (10) 75 30 0.85

TP321 $32100  18Cr-10Ni-Ti 8 (9)(10) 75 30 0.85

TP321H $32109  18Cr-10Ni-Ti 8 . 75 30 0.85

TP321H §$32109  18Cr-10Ni-Ti 8 (9) 75 30 0.85

A249 TP347 S$34700 18Cr-10Ni-Cb 8 (10) 75 30 0.85

TR347 S34700  18Cr-10Ni-Cb 8 (9)(10) 75 30 0.85

TP347H S34709  18Cr-10Ni-Cb 8 75 30 0.85

TP347H S534709—8Er—1oNI—€b 8—t%5 75 36 0.85

A249 TP348 S34800  18Cr-10Ni-Cb 8 (10) 75 30 0.85

TP348 S34800  18Cr-10Ni-Cb 8 (9)(10) 75 30 0.85

TP348H S34809  18Cr-10Ni-Cb 8 . 75 30 0.85

TP348H S34809  18Cr-10Ni-Cb 8 (9 75 30 0.85

A249 S§31254  20Cr-18Ni-6Mo 8 (1) 94 44 0.85

$31254  20Cr-18Ni-6Mo 8 (1) (9) 94 44 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
170 14.2 127 11.7 11.0 104 10.2 100 98 96 94 92 9.0 88 8.6 8.3 6.6 52 TP304 A249

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 66 52 TP304
17.0 142 127 11.7 11.0 104 10.2 10.0 98 96 94 92 90 88 86 83 66 52 TP304H

17.0 17.0 1e6.1 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

142 121 109 99 93 88 86 85 83 82 .. TP304L A249
14.2 142 142 134 125 119 11.7 114 113 111 .. TP304L
194 16.2 14.2 128 119 11.3 11.0 10.8 10.6 10.5 10.3 10.0 98 96 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 83 66+~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 77559 44 .. A249
21.2 21.0 19.8 19.0 185 18.2 18.0 179 17.7 175 17.3 17.0 16.2 127 99 77 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 A249
17.0 149 13.7 128 12.2 11.8 11.6 11.5 11.3 11.2 11.0 10.8 10.6 104 88 65 47 34 TP309H

17.0 14.7 132 121 11.3 10.7 10.5 103 10.1 10.0 99 98¢9y 96 95 94 83 63 TP316 A249
17.0 17.0 17.0 16.4 153 14.5 141 139 13.7 13.5 134 132,13.1 13.0 129 105 83 63 TP31l6
17.0 14.7 13.2 121 11.3 10.7 10.5 103 10.1 10.0 9.9%98 9.7 96 95 94 83 63 TP316H
17.0 17.0 17.0 164 153 14.5 14.1 139 13.7 13.5 134 13.2 131 13.0 129 105 83 63 TP316H

142 121 108 99 93 88 87 85 83(81 80 78 77 75 73 72 71 54 TP316L A249
14.2 142 142 134 125 119 11.7 114 12 11.0 108 10.5 103 101 99 9.7 75 54 TP316L
194 17.6 16.1 15.0 14.0 13.3 129 126123 12.1 119 11.6 114 112 11.0 105 83 63 TP316N
194 194 187 182 181 179 174 1%0 16.7 163 16.0 157 154 151 134 105 83 63 TP316N

17.0 147 13.2 121 11.3 10.7 105 103 10.1 10.0 99 98 97 96 95 94 83 63 TP317 A249
17.0 17.0 17.0 164 153 1.5 14.1 139 13.7 13.5 134 132 131 13.0 129 105 83 63 TP317
17.0 153 14.1 13.0 122115 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 14.1.130"12.2 11.5 11.2 11.0 10.8 10.7 10.5 104 10.3 10.2 10.1 77 59 46 TP321H
17.0 17.0 162159 159 15.5 15.2 149 14.6 144 142 141 139 138 105 77 59 46 TP321H

17.0 _156*14.6 13.6 12.8 12.2 119 11.8 11.6 11.5 11.5 114 114 114 103 78 52 38 TP347 A249
17.05-17.0 16.0 15.1 14.6 14.3 143 14.3 143 143 143 142 141 136 103 78 52 38 TP347
t70- 15.6 146 13.6 12.8 12.2 119 118 11.6 11.5 115 114 114 114 114 113 89 6.7 TP347H

190 170 4L 1 442 440 A4 44D A4 AAD A4 44 a4N 127 120 Q0 Lo 2 3 2 Lo W R A 8 4

140 1.4
T7°0 T70— 10 U101 I 1.0 I't.o I 1.0 It ItT.0 110 Ltf.J LItf.Zz LIft.l IT.0 TO77 1270 O, O TT O T7 1T

17.0 15.6 14.6 13.6 12.8 12.2 119 11.8 11.6 11.5 115 114 114 114 10.3 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 14.2 141 136 10.3 78 52 38 TP348
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 16.0 151 14.6 143 143 14.3 143 143 143 142 141 140 13.7 120 89 6.7 TP348H

22.8 203 18.2 16.8 158 15.2 15.0 14.8 14.7 .. A249
22.8 228 21.7 20.7 20.0 19.5 19.4 19.3 19.2
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(18) 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 (Cont’d)
A312 N08904  44Fe-25Ni-21Cr-Mo 45 (1) 71 31 0.85
TP304 S30400 18Cr-8Ni 8 (10) 75 30 0.85
TP304 S30400  18Cr-8Ni 8 (9) (10) 75 30 0.85
TP304H S30409  18Cr-8Ni 8 .. 75 30 0.85
TP304H S30409  18Cr-8Ni 8 (9) 75 30 0.85
A317 TP304L S30403  18Cr-8Ni 8 (1) 70 25 0.85
TP304L S30403 18Cr-8Ni 8 (1) (9) 70 25 0.85
TP304N S30451  18Cr-8Ni-N 8 (10) 80 35 0.85
TP304N S30451  18Cr-8Ni-N 8 (9) (10) 80 35 0.85
A317 S30815 21Cr-11Ni-N (1) 87 45 0.85
S30815  21Cr-11Ni-N 1 © 87 45 0.85
A317 TP309H S30909 23Cr-12Ni 8 (9) 75 30 0.85
TP309H S30909  23Cr-12Ni 8 . 75 30 0.85
TP310H S31009  23Cr-20Ni 8 (9) 75 30 0.85
TP310H S31009  23Cr-20Ni 8 75 30 0.85
A317 TP316 531600 16Cr-12Ni-2Mo 8" (10) 75 30 0.85
TP316 $31600  16Cr-12Ni-2Mo 8 (9) (10) 75 30 0.85
TP316H S31609  16Cr-12Ni-2Mo 8 . 75 30 0.85
TP316H S31609  16Cr-12Ni-2Mo 8 (9 75 30 0.85
A317 TP316L S31603  16Cr-12Ni¢2Mo 8 (1) (29 70 25 0.85
TP316L S31603  16Cr-12Ni-2Mo 8 (1) (9 (29 70 25 0.85
TP316N S31651 16Cr-12Ni-2Mo-N 8 (10) 80 35 0.85
TP316N S31651 _16Cr-12Ni-2Mo-N 8 (9) (10) 80 35 0.85
TP317LMN ... S31726° ~A9Cr-15.5Ni-4Mo 8 (1) 80 35 0.85
TP317LMN ... S34726~ 19Cr-15.5Ni-4Mo 8 (1) 80 35 0.85
A317 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 S32100  18Cr-10Ni-Ti 8 (9)(10) 75 30 0.85
TP324H S32109  18Cr-10Ni-Ti 8 . 75 30 0.85
TR321H $32109  18Cr-10Ni-Ti 8 (9) 75 30 0.85
A312 FPR34F 534766 +8Er—1ON—Eh —(65 75 36 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
A312 TP348 $34800 18Cr-10Ni-Cb 8 (1) (10) 75 30 0.85
TP348 S34800  18Cr-10Ni-Cb 8 (1) (9) (10) 75 30 0.85
TP348H S34809  18Cr-10Ni-Cb 8 (1) 75 30 0.85
TP348H S34809  18Cr-10Ni-Cb 8 MM 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)
17.2 142 129 118 108 10.1 99 9.7 . . . . . . A312

17.0 142 127 11.7 11.0 104 10.2 10.0 98 96 94 92 90 88 86 83 66 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 66 52 TP304

17.0 142 12.7 11.7 11.0 10.4 10.2 10.0 9.8 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 TP304H

142 121 109 99 93 88 86 85 83 82 .. TP304L A312
14.2 142 142 134 125 119 11.7 114 113 111 .. TP304L
194 16.2 14.2 128 119 11.3 11.0 10.8 10.6 10.5 103 10.0 98 96 94 83 66__52 TP304N
19.4 194 185 173 16.0 15.2 149 14.6 144 141 138 13.6 133 13.0 105 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 59 44 .. A312
21.2 21.0 19.8 19.0 185 18.2 18.0 179 17.7 175 17.3 170 16.2 127 9.9 7.7 59 44

17.0 17.0 17.0 17.0 16.5 159 15.7 155 153 15.1 148 14.6 144 11.Z, 88 65 47 34 TP309H A312
17.0 149 13.7 128 12.2 11.8 11.6 11.5 11.3 11.2 11.0 10.8 10.6 404 88 65 47 34 TP309H
17.0 17.0 17.0 169 16.4 15.7 155 152 15.0 14.8 14.6 144 142 11.7 88 65 47 34 TP310H
17.0 15.0 13.7 128 121 11.7 11.5 11.3 11.1 11.0 10.8 10.7 <20.5" 103 88 65 47 34 TP310H

17.0 14.7 132 121 11.3 10.7 10.5 103 10.1 10.0 99%98 9.7 96 95 94 83 63 TP316 A312
17.0 17.0 17.0 164 153 14.5 14.1 139 13.7 13.5 13# 13.2 13.1 13.0 129 105 83 63 TP316
17.0 14.7 13.2 121 11.3 10.7 10.5 10.3 10.1 10.099 98 9.7 96 95 94 83 63 TP316H
17.0 17.0 17.0 164 153 14.5 14.1 139 13.7 243.5 134 132 131 13.0 129 105 83 63 TP316H

142 121 108 99 93 88 87 85(¢83 81 80 78 77 75 73 72 71 54 TP316L A312
142 142 142 134 125 119 11.7 114112 11.0 10.8 10.5 103 101 99 9.7 7.5 54 TP316L
194 17.6 16.1 150 14.0 13.3 129°12.6 123 121 119 11.6 114 112 110 105 83 63 TP316N
194 194 187 18.2 181 17.9.1%4 17.0 16.7 163 16.0 15.7 154 151 134 105 83 6.3 TP316N

19.4 17.0 15.2 13.8 13.0 12.4-/.. TP317LMN
19.4 185 17.7 174 172 167 .. TP317LMN
17.0 14.7 13.2 12a\I13 10.7 10.5 103 10.1 10.0 99 98 97 96 95 94 83 63 TP317 A312

17.0 17.0 17.0«164 153 14.5 14.1 139 13.7 13.5 134 132 131 13.0 129 105 83 63 TP317
17.0 153 14X 13.0 122 11.5 11.2 11.0 10.8 10.7 10.5 104 103 102 82 59 43 31 TP321
17.0 17.0\162 159 159 155 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 10.3 10.2 10.1 77 59 46 TP321H
17,017.0 16.2 159 159 15.5 15.2 149 14.6 144 142 141 139 138 105 77 59 46 TP321H

14 <

1 11
T

+76 ++5 +H-6—11- & 52—3-0—TFP347 A312

- 2 L 2.0 2.0 1. QO 1. 1L 1.4 1.4 1 0.2
17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 143 143 14.2 141 136 103 78 52 3.8 TP347
17.0 15.6 14.6 13.6 12.8 12.2 119 11.8 11.6 11.5 115 114 114 114 114 113 89 6.7 TP347H
17.0 17.0 16.0 15.1 14.6 14.3 143 14.3 143 143 143 142 141 140 13.7 120 89 6.7 TP347H

17.0 15.6 14.6 13.6 128 12.2 119 11.8 11.6 11.5 11.5 114 114 114 103 78 52 3.8 TP348 A312
17.0 17.0 16.0 151 14.6 14.3 143 14.3 14.3 143 143 14.2 141 136 103 78 52 3.8 TP348
17.0 15.6 14.6 13.6 128 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 14.3 14.3 14.3 143 143 142 141 140 13.7 120 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 (Cont’d)
A312 TPXM-15 §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 (1) (9) 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
A789 $32550  25.5Cr-5.5Ni-3.5Mo-2Cu 10H (1) (25) (26) 140 80 0.85
A79( §32550  25.5Cr-5.5Ni-3.5Mo-2Cu 10H (1) (25) (26) 110 80 0.85
Welded Pipe and Tube — Without Filler Metal: Ferritic/Martensitic
A264 TP405 S40500  12Cr-Al 7 60 30 0.85
TP410 S41000  13Cr 6 60 30 0.85
TP429 S42900  15Cr 6 60 35 0.85
TP430 S43000 17Cr 7 . 60 35 0.85
TP446-1 544600 27Cr 101 (L) 70 40 0.85
TPXM-27 S44627  26Cr-1Mo 101~(1) (2) 65 40 0.85
TPXM-33 544626 27Cr-1Mo-Ti 1er* (2) 68 45 0.85
Welded Pipe and Tube — Without Filler Metal: Ferritic/Austenitic
A789 $31803 S$31803  22Cr-5.5Ni-3Mo~N 10H (1) (23) (24) 90 65 0.85
$32101 $32101  21Cr-5Mn-15Ni=Cu-N  10H (1) (23) (24) 94 65 0.85
2205 §32205  22Cr-5.5Ni<3Mo-N 10H (1) (23) (24) 95 70 0.85
$32003 S$32003  21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 100 70 0.85
$32101 $32101  231Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 101 77 0.85
S32750 S32750 ,~25Cr-7Ni-4Mo-N 10H (1) (23) (24) 116 80 0.85
A79( $31803 S31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 0.85
$32101 S32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 94 65 0.85
$32003 S32003  21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 95 65 0.85
2205 §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
$32750 $32750  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 0.85
Welded Pipe — Filler Metal Added: Austenitic
A354 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
A358 304L 1&3 S30403  18Cr-8Ni 8 (1) 70 25 1.00
304L 2 S30403  18Cr-8Ni 8 (1) 70 25 0.90
304L 1&3 S30403  18Cr-8Ni 8 (1) (9) 70 25 1.00
304L 2 S30403  18Cr-8Ni 8 (MM 70 25 0.90

154


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

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 14.2 127 11.7 11.0 104 10.2 100 98 96 94 92 90 88 TPXM-15 A312
17.0 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 129 12.6 124 12.1 119 TPXM-15
23.0 208 18.6 17.2 16.2 15.6 15.3 15.1 15.0
23.0 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 7.7 59 44 A409
21.2 21.0 198 19.0 185 18.2 18.0 179 17.7 17.5 17.3 17.0 16.2 12.7 9.9 7.7 59 44
26.7 26.6 25.1 243 24.0 A789
26.7 26.6 25.1 24.3 24.0 A790
Welded Pipe and Tube — Without Filler Metal: Ferritic{Martensitic
146 14.6 143 14.0 13.8 13.5 13.2 129 TP405 A268
146 14.6 143 14.0 13.8 13.5 13.2 129 TP410
146 14.6 143 14.0 13.8 13.5 13.2 129 TP429
146 14.6 143 14.0 13.8 13.5 13.2 129 TP430
17.0 17.0 164 16.0 15.6 15.2 15.0 14.7 TP446-1
158 15.8 15.5 154 154 154 154 TPXM-27
165 16.5 16.4 16.2 16.0 15.7 15.4 TPXM-33
Welded Pipe and Tube — Without Filler Metal: Ferritig/Austenitic
219 219 21.1 203 19.8 19.6 S$31803 A789
22.8 22.8 21.7 21.0 21.0 21.0 S$32101
231 231 223 214 209 20.7 .. 2205
243 23.6 221 219 219 219 219 $32003
245 245 234 226 22.6 22.6 $32101
28.2 28.0 26.5 25.6 252 25.0 $32750
219 219 211 20.3 198 19.6 $31803 A790
22.8 228 21.7 21.0.210 21.0 .. $32101
23.1 224 21.0 208,208 20.8 20.8 $32003
23.1 231 223)21.4 209 20.7 2205
245 245 (234" 22.6 22.6 22.6 §32101
28.2 2807265 25.6 252 250 S$32750
Welded Pipe — Filler Metal Added: Austenitic
200 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 6.1 304 A358
18.0 15.0 13.5 124 11.6 11.1 108 10.6 103 101 99 9.7 95 93 9.1 8.8 70 55 304
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
16.2 16.2 153 14.8 14.1 134 13.1 128 12.6 12.3 12.0 11.8 11.6 113 100 79 63 49 304
16.7 143 128 11.7 109 104 10.2 10.0 98 9.7 304L A358
150 128 115 105 98 93 91 9.0 88 87 304L
16.7 16.7 16.7 158 14.7 14.0 13.7 13.5 13.3 13.0 304L
15.0 15.0 15.0 14.2 13.3 12.6 123 12.1 119 11.7 304L
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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 (Cont’d)

A358 304N 1&3 S30451  18Cr-8Ni-N 8 (1) (10) 80 35 1.00

304N 2 S30451 18Cr-8Ni-N 8 (1) (10) 80 35 0.90

304N 1&3 S30451 18Cr-8Ni-N 8 (1) (9) (10) 80 35 1.00

304N 2 S30451  18Cr-8Ni-N 8 (1) (9) (10) 80 35 0.90

A354 1&3 S30815 21Cr-11Ni-N 8 (1) 87 45 1.00

2 S30815 21Cr-11Ni-N 8 (1) 87 45 0.90

1&3 S30815 21Cr-11Ni-N 8 (1) (9) 87 45 1.00

2 S30815  21Cr-11Ni-N 8 (1) (9) 87 45 0.90

A359 309 1&3 S30900 23Cr-12Ni 8 (1) (10) 75 30 1.00

309 2 S30900  23Cr-12Ni 8 (1) (10) 75 30 0.90

309 1&3 S30900 23Cr-12Ni 8 (1) (9) (10) 75 30 1.00

309 2 S30900  23Cr-12Ni 8 (1) (9) (10) 75 30 0.90

A354 310 1&3 S31000 25Cr-20Ni 8 (1) (10) (14) 75 30 1.00

310 2 S31000  25Cr-20Ni 8 (1N\T0) (14) 75 30 0.90

310 1&3 S31000 25Cr-20Ni 8 (1 (9) (10) (14) 75 30 1.00

310 2 S31000  25Cr-20Ni 8\7(1) (9) (10) (14) 75 30 0.90

A354 310 1&3 S31000 25Cr-20Ni 8 (1) (10) (15) 75 30 1.00

310 2 S31000  25Cr-20Ni 8 (1) (10) (15) 75 30 0.90

310 1&3 S31000 25Cr-20Ni 8 (1) (9) (10) (15) 75 30 1.00

310 2 $31000  25Cr-20Ni 8 (1) (9) (10) (15) 75 30 0.90

A354 316 1&3 S31600 16Cr-12Ni-2Mo 8 (1) (10) (11) 75 30 1.00

316 2 $31600 (" 16Cr-12Ni-2Mo 8 (1) (10) (11) 75 30 0.90

316 1&3 S31600 16Cr-12Ni-2Mo 8 (1) (9) (10) (11) 75 30 1.00

316 2 S31600  16Cr-12Ni-2Mo 8 (1) (9) (10) (11) 75 30 0.90

A354 316L 1&'3.7 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

316K 2 S31603  16Cr-12Ni-2Mo 8 (1) (9) (29) 70 25 0.90

A354 316N 1&3 S31651  16Cr-12Ni-2Mo-N 8 (1) (10) 80 35 1.00

316N 2 53t65+—6Er—12Ni—2Mo—N 8— 56y 86 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

A358 321 1&3 S32100 18Cr-10Ni-Ti 8 (1) (10) (11) 75 30 1.00

321 2 $32100  18Cr-10Ni-Ti 8 (1) (10) (11) 75 30 0.90

321 1&3 S32100  18Cr-10Ni-Ti 8 (1) (9) (10) (11) 75 30 1.00

321 2 $32100  18Cr-10Ni-Ti 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 — Filler Metal Added: Austenitic (Cont'd)
229 19.1 16.7 151 14.0 13.3 13.0 12.8 12,5 123 12.1 118 11.6 113 11.0 9.8 7.7 6.1 304N A358

206 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 70 55 304N
229 229 21.7 203 189 179 175 17.2 169 16.6 16.3 16.0 156 152 124 9.8 77 61 304N

20,6 20.6 19.6 183 17.0 16.1 15.8 15.5 15.2 149 14.7 144 140 13.7 112 88 70 55 304N

249 247 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 162 149 116 9.0 69 52 o A358
224 222 21.0 20.2 19.6 19.3 19.1 189 18.7 185 183 18.0 17.2 134 104 81 62 4.7
249 247 22.0 199 185 17.7 174 17.2 17.0 16.8 16.6 164 16.2 149 116 9.0 69 _ /52
224 222 21.0 20.2 19.6 19.3 19.1 189 18.7 185 183 18.0 172 134 104 81 62~ ~4.7

20.0 17.5 16.1 15.1 144 139 13.7 135 13.3 13.1 129 12.7 125 99 7.1 505" 3.6 25 309 A358
18.0 158 14.5 13.6 13.0 12.5 12.3 12.1 12.0 11.8 11.6 11.5 11.3 89 6445 32 23 309
20.0 20.0 20.0 20.0 19.4 18.8 185 18.2 18.0 17.7 17.5 17.2 159 9.9 744 50 36 25 309
18.0 18.0 18.0 18.0 17.5 169 16.6 164 16.2 159 15.7 155 143 8.9 64 45 32 23 309

20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 12.5 12.3 (9.9 7.1 50 36 25 310 A358
180 159 145 13.6 129 124 12.1 12.0 11.8 11.6 11.5 11.3 1kk* 89 64 45 32 23 310
20.0 20.0 20.0 199 19.3 185 182 179 17.7 17.4 17.2 169 159 9.9 7.1 50 36 25 310
180 18.0 18.0 179 174 16.7 164 16.1 159 15.7 155152 143 89 64 45 32 23 310

20.0 17.6 161 15.1 14.3 13.7 13.5 13.3 13.1 12.9\32.7 125 123 9.9 7.1 50 36 25 310 A358
18.0 159 14.5 13.6 129 124 121 12.0 118 A1.6 115 11.3 11.1 89 64 45 32 23 310
20.0 20.0 20.0 199 19.3 185 182 179 17.7 17.4 17.2 169 159 9.9 7.1 50 36 25 310
18.0 18.0 18.0 179 174 16.7 16.4 16.1.159 15.7 155 15.2 143 89 64 45 32 23 310

20.0 173 15.6 14.3 133 126 123 12.1 119 118 11.6 115 114 113 112 111 98 74 316 A358
180 15,5 14.0 129 12.0 11.3 111 109 10.7 10.6 10.5 104 103 102 101 99 88 67 316
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 74 316
18.0 18.0 18.0 17.4 162 153 15.0 14.7 14.5 143 14.1 14.0 139 138 136 11.2 88 6.7 316

16.7 14.2 12.711%7109 104 10.2 100 98 96 94 92 90 88 86 84 83 64 316L A358
15.0 128 11%4~105 98 94 92 90 88 86 84 83 81 79 77 76 75 58 316L
16.7 16.7316{7 15.7 14.8 14.0 13.7 13.5 13.2 129 12.7 124 121 119 116 114 88 64 316L
15.0 15:.0~15.0 14.2 13.3 12.6 124 12.1 119 11.6 11.4 11.2 109 10.7 104 103 79 58 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 A358

474 A 440 440 a9 40 4 404 490 429 1494  a11.0Q PR Q0 z

20 10 12 14 LEWAN
ZU0 TOO— 17T T30 I 1.0 IT.U 19.7 1ot 1o.I 120 120 1z70 1tz 117 O T1.1 0.0 O JTOIN

229 229 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 185 18.1 178 158 123 9.8 74 316N
20.6 20.6 19.8 193 19.1 189 185 18.0 17.7 17.3 169 16.6 163 16.0 142 11.1 88 6.7 316N

20.0 180 16.5 153 143 13.5 13.2 13.0 12.7 12.6 124 123 121 120 96 69 50 36 321 A358
180 16.2 149 13.8 129 12.2 119 11.7 11.5 11.3 11.2 11.0 109 108 86 62 45 32 321
20.0 20.0 19.1 18.7 187 183 179 17.5 17.2 169 16.7 16.5 164 162 96 69 50 36 321
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
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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 (Cont’d)

A358 347 1&3 S34700 18Cr-10Ni-Cb 8 (1) (10) (11) 75 30 1.00

347 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

347 2 S34700  18Cr-10Ni-Cb 8 (1) (9) (10) (1) 75 30 0.90

A359 348 1&3 S34800 18Cr-10Ni-Cb 8 (1) (10) (11) 75 30 1.00

348 2 S34800  18Cr-10Ni-Cb 8 (1) (10) (11) 75 30 0.90

348 1&3 S34800 18Cr-10Ni-Cb 8 (1) (9) (10) (11) 75 30 1.00

348 2 S34800  18Cr-10Ni-Cb 8 (1) (9) (10) (11) 75 30 0.90

A354 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) (9 95 45 1.00

2 S31254  20Cr-18Ni-6Mo 8 (1) (9 95 45 0.90

A359 1&3 S31254  20Cr-18Ni-6Mo 8 (1) 100 45 1.00

2 S31254  20Cr-18Ni-6Mo 8 (1) 100 45 0.90

1&3 S31254  20Cr-18Ni-6Mo 8 (19 100 45 1.00

2 S31254  20Cr-18Ni-6Mo 8.(1) (9) 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 TP304L S30403 ( 18Cr-8Ni 8 (1) (19) 70 25 1.00

TP304L S30403_) 18Cr-8Ni 8 (1) (20) 70 25 0.90

TP304L S30403  18Cr-8Ni 8 (1) (21) 70 25 0.80

TP304L §30403  18Cr-8Ni 8 (1) (9) (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

$30815  21Cr-11Ni-N 8 (1) (9) (20) 87 45 0.90

S30815  21Cr-11Ni-N 8 (1) (9)(21) 87 45 0.80

A409 TP316 S$31600  16Cr-12Ni-2Mo 8 (1) (10) (19) 75 30 1.00

TP316 S31600  16Cr-12Ni-2Mo 8 (1) (10) (20) 75 30 0.90

TP316 $31600  16Cr-12Ni-2Mo 8 (1) (10) (21) 75 30 0.80

TP316 $31600  16Cr-12Ni-2Mo 8 (1) (9) (10) (19) 75 30 1.00

TP316 S31600  16Cr-12Ni-2Mo 8 (1) (9) (10) (20) 75 30 0.90

TP316 S$31600  16Cr-12Ni-2Mo 8 (1) (9) (10) (21) 75 30 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)
20.0 184 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 44 347 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 6.1 44 347

18.0 18.0 169 16.0 15.4 15.2 15.1 15.1 15.1 15.1 15.1 15.0 149 144 109 82 55 4.0 347

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 12.3 12.2 12.1 121 121 121 109 82 55 4.0N 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 12.1 9.1 6.1 4.4+ 348
180 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 -4.0 348

271 245 219 202 19.1 183 18.0 17.8 17.7 .. A358
244 221 19.7 182 17.2 16.5 16.2 16.0 15.9
27.1 27.1 25.8 24.6 23.7 23.2 23.1 23.0 229
244 244 232 221 21.3 209 20.8 20.7 20.6

28.6 245 219 20.2 19.1 183 18.0 178 17.7 .. A358
25.7 221 19.7 182 17.2 16.5 16.2 16.0 15.9
28.6 286 27.2 259 25.0 244 243 24.1 239
25.7 25.7 24.5 233 22.5 22.0 219 21.7 21.5

20.0 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 A1:0 10.8 10.6 104 10.1 9.8 77 61 TP304 A409
180 15.0 135 124 11.6 11.1 108 10.6 10.3 10.1,*99 97 95 93 91 88 70 55 TP304
16.0 133 12.0 11.0 104 98 9.6 94 9.2.,90 88 86 85 83 81 78 62 49 TP304
20.0 20.0 189 183 17.5 16.6 16.2 158 15:5 15.2 149 14.6 143 14.0 124 98 77 6.1 TP304
18.0 18.0 17.0 16.5 15.7 149 14.6 143139 13.7 134 13.1 128 126 11.2 88 7.0 55 TP304
16.0 16.0 15.1 14.6 14.0 13.3 13.0,12:7 12.4 12.1 119 11.7 114 11.2 9.9 78 62 49 TP304

16.7 143 128 11.7 109 104 10.2 100 9.8 9.7 .. TP304L A409
15.0 128 115 105 98 9.3 91 90 88 87 .. TP304L
133 114 102 94 87)83 81 80 79 77 .. TP304L
16.7 16.7 16.7 158~347 14.0 13.7 13.5 13.3 13.0 .. TP304L
15.0 15.0 15.0,142v13.3 12.6 123 121 119 11.7 .. TP304L
13.3 133 133~2.6 11.8 11.2 11.0 10.8 10.6 10.4 .. TP304L
249 244 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 162 149 11.6 9.0 69 52 .. A409

2244222 19.8 179 16.7 159 15.7 155 153 15.1 149 148 146 134 104 81 6.2 4.7
199) 198 17.6 159 14.8 14.2 139 13.8 13.6 134 13.3 13.1 13.0 11.9 9.3 72 55 42
249 247 233 224 218 21.4 212 21.0 208 206 203 200 1971 149 116 90 69 52

224 222 21.0 20.2 19.6 19.3 19.1 189 187 185 183 18.0 172 134 104 81 6.2 4.7
199 198 186 179 174 17.1 17.0 168 16.6 16.5 16.2 16.0 153 11.9 9.3 72 55 42

20.0 173 15.6 14.3 133 12.6 123 12.1 119 118 116 115 114 113 11.2 111 98 74 TP316 A409
18,0 15.5 14.0 129 12.0 11.3 11.1 109 10.7 10.6 10.5 104 103 102 101 99 88 67 TP316
16.0 13.8 125 114 106 101 99 97 95 94 93 92 91 91 90 88 78 59 TP31l6
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 TP316
18.0 18.0 18.0 17.4 16.2 15.3 15.0 14.7 14.5 143 141 14.0 139 138 136 11.2 88 6.7 TP316
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 TP316
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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 (Cont’d)
A409 TP316L S$31603  16Cr-12Ni-2Mo 8 (1) (19) (29) 70 25 1.00
TP316L $31603  16Cr-12Ni-2Mo 8 (1) (20) (29) 70 25 0.90
TP316L $31603  16Cr-12Ni-2Mo 8 (1) (21) (29) 70 25 0.80
TP316L S31603  16Cr-12Ni-2Mo 8 (1) (9) (19) (29) 70 25 1.00
TP316L S31603  16Cr-12Ni-2Mo 8 (1) (9) (20) (29) 70 25 0.90
TP316L $31603  16Cr-12Ni-2Mo 8 (1) (9) (21) (29) 70 25 0.80
Welded Pipe — Filler Metal Added: Ferritic/Austenitic
A924 $31803 1&3 S31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 1.00
$31803 2 S31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 0.90
2205 1&3 S32205 22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 65 1.00
2205 2 §32205  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 65 0.90
Platg¢, Sheet, and Strip: Austenitic
A24( N08904  44Fe-25Ni-21Cr-Mo 45 (1) 71 31 1.00
201LN S20153  16Cr-4Ni-6Mn 8 (1) 95 45 1.00
201LN $20153  16Cr-4Ni-6Mn 8 (1\® 95 45 1.00
A24( 304 S30400  18Cr-8Ni 8\ -(10) (11) 75 30 1.00
304 S30400  18Cr-8Ni 8  (9) (10) (11) 75 30 1.00
304L S30403  18Cr-8Ni 8 (1) 70 25 1.00
304L S30403  18Cr-8Ni 8 (1) (9) 70 25 1.00
304N S30451  18Cr-8Ni-N 8 (1) (10) 80 35 1.00
304N S30451  18Cr-8Nj-N 8 (1) (9 (10) 80 35 1.00
A24( S30815  21Cr-11INi-N 8 (1) 87 45 1.00
S30815 «21Cr-11Ni-N 8 (MO 87 45 1.00
A24( 309H S30909~ 23Cr-12Ni 8 (9)(11) (18) 75 30 1.00
309H $30909  23Cr-12Ni 8 (11) (18) 75 30 1.00
3095 530908  23Cr-12Ni 8 (1) (10) 75 30 1.00
309S S30908  23Cr-12Ni 8 (1) (9) (10) 75 30 1.00
A24( 310H S31009  25Cr-20Ni 8 (9) 75 30 1.00
310H S31009  25Cr-20Ni 8 . 75 30 1.00
3108 S31008  25Cr-20Ni 8 (10) (11) (14) 75 30 1.00
310S S$31008  25Cr-20Ni 8 (9) (10) (11) (14) 75 30 1.00
3465 531686—25Er=26N — 5 75 36 1.00
310S $31008  25Cr-20Ni 8 (9) (10) (11) (15) 75 30 1.00
A240 316 $31600  16Cr-12Ni-2Mo 8 (10) (11) 75 30 1.00
316 S$31600  16Cr-12Ni-2Mo 8 (9)(10) (11) 75 30 1.00
316L S$31603  16Cr-12Ni-2Mo 8 (1) (29) 70 25 1.00
316L S$31603  16Cr-12Ni-2Mo 8 (1) 9 (29 70 25 1.00
316N S31651  16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00
316N S31651 16Cr-12Ni-2Mo-N 8 (9) (10) 80 35 1.00
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Table A-3 Stainless Steels (Cont’d)

ASME B31.1-2018

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 14.2 127 11.7 109 104 10.2 100 98 96 94 92 9.0 88 8.6 8.4 83 64 TP316L A409
15.0 128 114 105 98 94 92 90 88 86 84 83 81 79 7.7 7.6 7.5 58 TP316L
133 114 102 93 87 83 81 80 78 77 75 74 72 70 69 67 66 51 TP316L
16.7 16.7 16.7 157 14.8 14.0 13.7 135 13.2 129 127 124 121 119 116 114 88 64 TP316L
15.0 15.0 15.0 14.2 13.3 12.6 124 12.1 119 116 114 11.2 109 10.7 104 103 79 58 TP316k
13.3 133 133 12,6 11.8 11.2 11.0 108 10.6 103 10.1 99 9.7 95 9.3 9.1 70 51 (TP316L
Welded Pipe — Filler Metal Added: Ferriti¢/Austenitic
25.7 25.7 24.8 239 233 23.1 $31803 A928
231 231 223 215 21.0 208 $31803
271 27.1 26.2 252 24.6 24.3 2205
244 244 23.6 22.7 22.1 219 2205
Plate, Sheet, and Strif): Austenitic
203 16.7 15.1 13.8 12.7 119 116 114 .. .. A240
27.1 23.7 21.2 20.1 19.7 19.2 18.6 18.0 17.4 16.7 201LN
27.1 23.7 21.2 20.1 20.0 19.6 19.6 194 19.2 18.8 201LN
20.0 16.7 15.0 138 129 12.3 12.0 11.7 11.5 11.2 11.0 10.8°10.6 104 10.1 9.8 7.7 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
16.7 143 128 11.7 109 104 10.2 10.0 98 9.7 304L
16.7 16.7 16.7 158 14.7 14.0 13.7 13.5 13.3 130" .. .. .. 304L
229 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.54312.3 12.1 118 11.6 113 11.0 98 77 6.1 304N
229 229 21.7 203 189 179 175 17.2 #69 16.6 163 16.0 15.6 152 124 9.8 7.7 6.1 304N
249 247 22.0 199 185 17.7 174172 17.0 16.8 16.6 164 162 149 116 9.0 69 52 A240
249 247 233 224 218 21.4 212 21.0 20.8 20.6 20.3 20.0 19.1 149 11.6 9.0 69 5.2
20.0 20.0 20.0 20.0 19.4. 188 18.5 182 18.0 17.7 17.5 17.2 169 138 103 76 55 40 309H A240
200 175 16.1 151 244139 13.7 13.5 13.3 13.1 129 12.7 125 123 103 7.6 55 4.0 309H
20.0 17.5 16.1 154 \14.4 139 13.7 13.5 13.3 13.1 129 12.7 125 99 7.1 5.0 36 25 309S
20.0 20.0 20.0420.0 19.4 188 185 18.2 18.0 17.7 175 17.2 159 99 71 50 36 25 309S
20.0 20,0M\2000 199 19.3 185 18.2 179 17.7 174 172 169 16.7 138 103 7.6 55 4.0 310H A240
20.0 176161 15.1 143 13.7 135 13.3 13.1 129 12.7 125 123 121 103 76 55 40 310H
20,0176 16.1 15.1 143 13.7 135 13.3 13.1 129 12.7 125 123 99 71 50 36 25 310S
20.0# 20.0 20.0 199 19.3 185 182 179 17.7 174 172 169 159 99 71 50 36 25 310S
20— 61615+ H43— 1371351331311 2912712512 3—9% 71 56 3 6—25—310S
20.0 20.0 20.0 199 19.3 185 18.2 179 17.7 174 172 169 159 99 7.1 5.0 36 25 310S
20.0 17.3 15.6 14.3 13.3 12.6 123 121 119 118 11.6 115 114 113 112 111 9.8 74 316 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 74 316
16.7 14.2 12.7 11.7 109 104 102 100 98 9.6 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 15.2 149 145 14.2 139 13.7 134 132 129 123 9.8 74 316N
229 229 220 21.5 21.2 21.0 20.5 20.0 19.6 19.2 188 185 181 178 158 123 9.8 74 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 No. Composition No. Notes ksi ksi F
Plate, Sheet, and Strip: Austenitic (Cont’d)
A240 317 §31700  18Cr-13Ni-3Mo 8 (1) (10) (11) 75 30 1.00
317 $31700  18Cr-13Ni-3Mo 8 (1) (9) (10) (11) 75 30 1.00
317L S31703 18Cr-13Ni-3Mo 8 (1) 75 30 1.00
3171 S31703 18Cr-13Ni-3Mo 8 (1) (9) 75 30 1.00
321 $32100  18Cr-10Ni-Ti 8 (10) (11) 75 30 1.00
321 $32100  18Cr-10Ni-Ti 8 (9) (10) (11) 75 30. 1.00
A24(] 347 S34700 18Cr-10Ni-Cb 8 (10) (11) 75 30 1.00
347 S34700  18Cr-10Ni-Cb 8 (9) (10) (11) 75 30 1.00
348 S34800  18Cr-10Ni-Cb 8 (1) (10) (11) 75 30 1.00
348 S34800  18Cr-10Ni-Cb 8 (1) (9) (10) (11) 75 30 1.00
A24( XM-15 S$38100  18Cr-8Ni-2Si 8 (1) 75 30 1.00
XM-15 $38100 18Cr-8Ni-2Si 8 (1)) 75 30 1.00
317LMN S31726  19Cr-15.5Ni-4Mo 8 (1) 80 35 1.00
317LMN S31726  19Cr-15.5Ni-4Mo 8 (1) (9) 80 35 1.00
A24( S31254  20Cr-18Ni-6Mo 8 (1) 95 45 1.00
S31254  20Cr-18Ni-6Mo 8 ~(1) (9) 95 45 1.00
S31254  20Cr-18Ni-6Mo 8" (1) 100 45 1.00
S31254  20Cr-18Ni-6Mo 8 (MM 100 45 1.00
§32550  25.5Cr-5.5Ni-3.5Mo=2€u 10H (1) (25) (26) 110 80 1.00
Plat¢, Sheet, and Strip: Ferritic/Martensitic
A24( 405 S40500  12Cr-1Al 7 (3) 60 25 1.00
410 S$41000  13Cr 6 (1) 65 30 1.00
410S 541008 13Cr 7 (1) 60 30 1.00
429 S42900 ,~15Cr 6 (1)(3) 65 30 1.00
A24( 430 S43000  17Cr 7 (1) 3) 65 30 1.00
XM-27 S44627 26Cr-1Mo 101 (1) (3) 65 40 1.00
XM-33 544626 27Cr-1Mo-Ti 101 (2) 68 45 1.00
Plat¢, Sheet, and Strip: Ferritic/Austenitic
A24( S31803 S$31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 1.00
S32101 S§32101 21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 94 65 1.00
832003 §32003  21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 95 65 1.00
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
$32101 $32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 101 77 1.00
S32750 S32750  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 1.00
Forgings: Austenitic
A182 F904L N08904 44Fe-25Ni-21Cr-Mo 45 (1) 71 31 1.00
F44 S31254  20Cr-18Ni-6Mo 1 94 44 1.00
F44 S31254 20Cr-18Ni-6Mo (1o 94 44 1.00
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Table A-3 Stainless Steels (Cont’d)

ASME B31.1-2018

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)
200 17.3 156 14.3 13.3 12.6 12.3 12.1 119 118 11.6 115 114 113 112 11.1 9.8 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 9.8 74 317
20.0 17.0 15.2 14.0 13.1 125 122 12.0 11.7 115 113 317L
20.0 20.0 19.6 189 17.7 169 16.5 16.2 15.8 155 152 .. .. 317L
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 36 321
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 6.9 50 36 321
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 W4, 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 16.0 12.1 9.1 61" A4 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
20.0 20.0 188 178 17.2 169 16.8 168 16.8 16.8 16.8 16.7 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 11.0 10.8 10.6 10.4 XM-15 A240
20.0 20.0 189 183 17.5 16.6 16.2 158 15.5 15.2 149 14.6 143 14.0 XM-15
229 200 179 163 153 14.6 317LMN
229 21.8 209 20.5 203 19.7 317LMN
271 245 219 20.2 19.1 18.3 18.0 17.8 17.7 A240
27.1 27.1 25.8 24.6 23.7 23.2 23.1 23.0 229
28.6 245 219 20.2 19.1 183 18.0 17.8 17.7
28.6 286 27.2 259 25.0 244 243 24.1 239
314 31.3 29.5 28.6 28.2
Plate, Sheet, and Strip: Ferritic{Martensitic
16.7 153 14.8 14.5 14.3 14.0 13.8 135 (.» 405 A240
186 184 178 174 17.2 168 16.6 16.2°15.7 151 144 123 88 64 4.4 2.9 1.8 1.0 410
171 17.1 16.8 16.5 16.3 159 15.6 152 14.7 141 134 123 88 64 44 29 1.8 1.0 410S
186 184 17.8 17.4 172 16.8-166 16.2 15.7 15.1 144 120 9.2 65 45 32 24 18 429
186 184 178 174 17 168 16.6 16.2 157 151 144 120 92 65 4.5 3.2 24 1.8 430 A240
186 18.6 183 18.1 (1841 18.1 18.1 XM-27
19.4 194 19.3 19.0 /188 184 18.1 XM-33
Plate, Sheet, and Strip: Ferriti¢/Austenitic
25.7 25.7.24.8 239 23.3 23.1 $31803 A240
269, 2699 25.6 24.7 24.7 24.7 .. S§32101
27.7)°26.3 24.8 24.5 24.5 24.5 245 $32003
27.1 271 26.2 25.2 24.6 243 .. 2205
28.6 27.7 26.1 25.8 25.8 25.8 25.8 $32003
289 289 275 26,5 26,5 265 §32101
33.1 33.0 31.2 30.1 29.6 294 S$32750
Forgings: Austenitic
203 16.7 15.1 13.8 12.7 119 116 114 F904L A182
269 239 214 198 186 179 17.6 174 17.3 F44
269 269 255 24.3 235 23.0 22.8 22.7 22.6 F44
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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 (Cont’d)

A182 F304 S30400  18Cr-8Ni 8 (10) (12) 70 30 1.00

F304 S30400  18Cr-8Ni 8 (9) (10) (12) 70 30 1.00

F304 S30400  18Cr-8Ni 8 (10) 75 30 1.00

F304 S30400  18Cr-8Ni 8 (9) (10) 75 30 1.00

A187 F304H S30409  18Cr-8Ni 8 (12) 70 30, 1.00

F304H S30409  18Cr-8Ni 8 (9)(12) 70 30 1.00

F304H S30409  18Cr-8Ni 8 . 75 30 1.00

F304H S30409 18Cr-8Ni 8 (9) 75 30 1.00

A187 F304L S30403  18Cr-8Ni 8 (1) 65 25 1.00

F304L S30403  18Cr-8Ni 8 (1) 65 25 1.00

F304N S30451  18Cr-8Ni-N 8 (10) 80 35 1.00

F304N S30451 18Cr-8Ni-N 8 (9) (10) 80 35 1.00

A187 S30815  21Cr-11Ni-N 1) 87 45 1.00

S30815  21Cr-11Ni-N (1).€9) 87 45 1.00

A187 F310 $31000  25Cr-20Ni 8 (1) (10) (14) 75 30 1.00

F310 $31000  25Cr-20Ni 8. (1) (9) (10) (14) 75 30 1.00

F310 S31000  25Cr-20Ni 8 (1) (10) (15) 75 30 1.00

F310 S$31000  25Cr-20Ni 8 (1) (9) (10) (15) 75 30 1.00

A187 F316 S$31600 16Cr-12Ni-2Mo 8 (10) (12) 70 30 1.00

F316 $31600  16Cr-12Ni€2Mo 8 (9) (10) (12) 70 30 1.00

F316 S31600  16Cr-12Ni-2Mo 8 (10) 75 30 1.00

F316 S31600  16Cr-12Ni-2Mo 8 (9)(10) 75 30 1.00

A18% F316H $31609.\__16Cr-12Ni-2Mo 8 (12) 70 30 1.00

F316H S31609 16Cr-12Ni-2Mo 8 (9)(12) 70 30 1.00

F316H §31609  16Cr-12Ni-2Mo 8 .. 75 30 1.00

F316H $31609  16Cr-12Ni-2Mo 8 (9) 75 30 1.00

A187 F316L $31603  16Cr-12Ni-2Mo 8 (1) (27) (29) 70 25 1.00

F316L $31603  16Cr-12Ni-2Mo 8 (1) (9) (27) (29) 70 25 1.00

F316N S31651  16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00

E316N S31651  16Cr-12Ni-2Mo-N 8 (9)(10) 80 35 1.00

A18% F321 S$32100 18Cr-10Ni-Ti 8 (12) 70 30 1.00

F321 $32100 18Cr-10Ni-Ti 8 (9) (12) 70 30 1.00

F321 $32100 18Cr-10Ni-Ti 8 (10) 75 30 1.00

F321 S$32100  18Cr-10Ni-Ti 8 (9)(10) 75 30 1.00

A182 F321H $32109  18Cr-10Ni-Ti 8 (12) 70 30 1.00

F321H $32109  18Cr-10Ni-Ti 8 (9) (12) 70 30 1.00

F321H $32109 18Cr-10Ni-Ti 8 .. 75 30 1.00

F321H S$32109  18Cr-10Ni-Ti 8 (9) 75 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)
200 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 108 106 104 101 98 77 61 F304 A182

20.0 20.0 189 183 17.5 16.6 16.2 158 15.5 15.2 149 14.6 143 140 124 98 7.7 61 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 10.1 9.8 77 61 F304

20.0 20.0 189 183 17.5 16.6 16.2 158 15.5 15.2 149 14.6 143 140 124 98 7.7 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 9.8 7.7 61 [KE304H A182
20.0 189 17.7 17.1 169 16.6 16.2 158 155 152 149 14.6 143 14.0 124 9.8 7.7 6.5 F304H
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 61+ F304H
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 %7 6.1 F304H

16.7 143 128 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 13.7 135 13.3 13.0 .. F304L
229 19.1 16.7 151 14.0 13.3 13.0 12.8 12,5 123 12.1 118 11.6 113 110 9.8 7.7 61 F304N
229 229 21.7 203 189 179 175 17.2 169 16.6 16.3 16.0 15.6 152 12¥¢ 9.8 7.7 61 F304N

249 247 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 16.2 149 116 9.0 69 52 .. A182
249 247 233 224 218 214 21.2 21.0 20.8 20.6 20.3 20.0 194 149 116 9.0 69 52

20.0 17.6 16.1 151 14.3 13.7 13.5 13.3 13.1 129 12.7 125,123 9.9 7.1 50 36 25 F310 A182
20.0 20.0 20.0 199 19.3 185 182 179 17.7 17.4 17.2%169 159 9.9 7.1 50 36 25 F310
20.0 17.6 161 15.1 14.3 13.7 13.5 13.3 13.1 129 12 125 123 9.9 7.1 50 36 25 F310
20.0 20.0 20.0 199 19.3 185 18.2 179 17.7 17.4\17.2 169 159 9.9 7.1 50 36 25 F310

20.0 17.3 15.6 143 13.3 12.6 123 12.1 11.9\11.8 11.6 11.5 114 113 112 111 98 74 F316 A182
20.0 20.0 194 19.2 18.0 17.0 16.6 16.3 @61 159 15.7 15.6 154 153 151 124 9.8 74 F316
20.0 173 15.6 14.3 133 12.6 123 12.1*119 118 11.6 115 114 113 112 111 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 15.6 143 133 126 123 12.1 119 118 11.6 115 114 113 112 111 98 74 F316H A182
20.0 20.0 194 19.2 180 170 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 A3.3.-712.6 123 12.1 119 118 11.6 115 114 113 112 111 98 74 F316H
20.0 20.0 20.0 193180 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 F316H

16.7 141 12{/41.7 109 104 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 64 F316L
229 20.A.19.0 17.6 16.5 15.6 15.2 149 14.5 14.2 139 13.7 134 132 129 123 98 74 F316N
2294229 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 188 185 181 17.8 158 123 98 74 F316N

2000 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 36 F321 A182

20.0 19.0 17.8 17.5 17.5 17.5 17.5 17.5 17.2 169 16.7 16.5 16.4 16.2 9.6 69 50 36 F321
20.0 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 12.4 123 12.1 12.0 9.6 69 50 36 F321
20.0 20.0 19.1 187 18.7 183 179 17.5 17.2 169 16.7 16.5 16.4 162 9.6 69 50 36 F321

20.0 180 16.5 15.3 143 13.5 13.2 13.0 12.7 12.6 124 123 12.1 12.0 11.9 9.1 69 54 F321H A182
20.0 19.0 17.8 175 17.5 17.5 175 17.5 17.2 169 16.7 16.5 164 16.2 123 9.1 6.9 54 F321H
20.0 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 12.4 123 121 120 119 9.1 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
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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 (Cont’d)
A182 F347 S34700  18Cr-10Ni-Cb 8 (12) 70 30 1.00
F347 S34700 18Cr-10Ni-Cb 8 (9)(12) 70 30 1.00
F347 S34700  18Cr-10Ni-Cb 8 (10) 75 30 1.00
F347 S34700  18Cr-10Ni-Cb 8 (9) (10) 75 30 1.00
A187 F347H S34709  18Cr-10Ni-Cb 8 (12) 70 30 1.00
F347H S34709 18Cr-10Ni-Cb 8 (9)(12) 70 30 1.00
F347H S34709  18Cr-10Ni-Cb 8 .. 75 30 1.00
F347H S34709  18Cr-10Ni-Cb 8 (9 75 30 1.00
A187 F348 S34800  18Cr-10Ni-Cb 8 (12) 70 30 1.00
F348 S34800  18Cr-10Ni-Cb 8 (9)(12) 70 30 1.00
F348 S34800  18Cr-10Ni-Cb 8 (10) 75 30 1.00
F348 S34800  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00
A187 F348H S$34809 18Cr-10Ni-Cb 8 (12) 70 30 1.00
F348H S34809  18Cr-10Ni-Cb 8 (9)(12) 70 30 1.00
F348H S34809  18Cr-10Ni-Cb 8 (7. 75 30 1.00
F348H S34809  18Cr-10Ni-Cb 8 (9) 75 30 1.00
A96] F304 S30400  18Cr-8Ni 8 (10) 70 30 1.00
F304 S30400  18Cr-8NI 8 (9) (10) 70 30 1.00
F304H S30409 18Cr-8Ni 8 .. 70 30 1.00
F304H S30409  18Cr-8NI 8 (9) 70 30 1.00
A964 F316 S$31600 16Cr-12Ni-2Mo 8 (10) 70 30 1.00
F316 S31600 /~I6Cr-12Ni-2Mo 8 (9)(10) 70 30 1.00
F316H $31609 y 16Cr-12Ni-2Mo 8 .. 70 30 1.00
F316H S31609  16Cr-12Ni-2Mo 8 (9) 70 30 1.00
A964 F321 $32100  18Cr-10Ni-Ti 8 (10) 70 30 1.00
F321 S$32100  18Cr-10Ni-Ti 8 (9)(10) 70 30 1.00
F321H $32109 18Cr-10Ni-Ti 8 .. 70 30 1.00
F321H S$32109 18Cr-10Ni-Ti 8 (9) 70 30 1.00
A964 E347 S34700 18Cr-10Ni-Cb 8 (10) 70 30 1.00
F347 S34700  18Cr-10Ni-Cb 8 (9)(10) 70 30 1.00
F347H S34709  18Cr-10Ni-Cb 8 .. 70 30 1.00
F347H S34709  18Cr-10Ni-Cb 8 (9) 70 30 1.00
Forgings: Ferritic/Martensitic
A182 FXM-27Cb 544627 27Cr-1Mo 101 (2) 60 35 1.00
A336 FXM-27Cb 544627 27Cr-1Mo 101 (2) 60 35 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)
200 184 17.1 16.0 15.0 143 14.0 13.8 13.7 13.6 13.5 134 134 134 121 91 61 44 F347 A182

20.0 19.1 17.6 16.6 16.0 15.8 15.7 15.7 15.7 15.7 15.7 15.6 155 153 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 13.4 134 121 9.1 6.1 44 F347

20.0 20.0 188 17.8 17.2 16.9 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 13.5 134 134 134 134 133 105 79 (F347H A182
20.0 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 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 13.4 134 134 134 133 105~ 79 F347H
20.0 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 164 162 141 10.5)"79 F347H

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 F348 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 F348
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 13.4 13.4 12.1 9.1 6.1 44 F348
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 F348

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 79 F348H A182
20.0 19.1 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 15.7 15.6 ¢45.5" 153 15.1 141 10.5 79 F348H
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 F348H
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 79 F348H

20.0 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2\1}1.0 10.8 10.6 104 10.1 9.8 77 61 F304 A965
20.0 20.0 189 183 17.5 16.6 16.2 158 155 @5.2 149 146 143 140 124 98 77 61 F304
20.0 16.7 15.0 13.8 129 12.3 12.0 11.7 115 11.2 11.0 108 10.6 104 10.1 9.8 77 61 F304H
20.0 189 17.7 17.1 169 16.6 16.2 15:8.15.5 152 149 14.6 143 140 124 98 77 61 F304H

20.0 17.3 15.6 143 133 12.6 123 12.1 119 118 11.6 11.5 114 113 112 111 98 74 F316 A965
20.0 20.0 194 19.2 18.0 17.0~le.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 F316
20.0 17.3 15.6 14.3 133 12.6°12.3 12.1 119 118 116 115 114 113 11.2 111 98 74 F316H
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 F316H

20.0 180 16.5 163,143 13.5 13.2 13.0 12.7 12.6 12.4 123 121 12.0 9.6 69 50 36 F321 A965
20.0 19.0 178)¥/.5 17.5 17.5 175 17.5 17.2 169 16.7 16.5 16.4 16.2 96 69 50 36 F321
20.0 18.0 @6%* 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 12.0 119 9.1 6.9 54 F321H
20.0 19.617.8 17,5 17.5 17.5 17.5 17.5 17.2 169 16.7 16,5 164 16.2 12.3 9.1 6.9 54 F321H

20{0~+18.4 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 F347 A965
2000 19.1 17.6 16.6 16.0 15.8 15.7 15.7 15.7 15.7 15.7 15.6 155 153 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 13.4 134 134 134 133 105 79 F347H
20.0 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 10.5 79 F347H

Forgings: Ferritic/Martensitic
171 171 16.6 161 16.1 161 161 .. .. .. . . .. FXM-27Cb A182

171 17.1 16.6 16.1 16.1 16.1 16.1 .. FXM-27Cb A336
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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: Ferritic/Austenitic
A182 F51 $31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 1.00
F60 $32205  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 70 1.00
F53 S32750  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 1.00
Fittings (Seamless and Welded): Austenitic
A403 WP304 S30400  18Cr-8Ni 8 (4)(7)(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) (M) (@ay 75 30 1.00
WP304H S30409  18Cr-8Ni 8 WM™ Oany 75 30 1.00
A403 WP304L S30403  18Cr-8Ni 8 (M) (™A 70 25 1.00
WP304L S30403  18Cr-8Ni 8 (1) (7) (9) (11) 70 25 1.00
WP304N S30451  18Cr-8Ni-N 8 (1) (4) (7) (10) 80 35 1.00
WP304N S30451  18Cr-8Ni-N 8 (1)@ (790 80 35 1.00
A403 WP309 S30900  23Cr-12Ni 8 (1) (7).(40)(11) 75 30 1.00
WP309 $30900  23Cr-12Ni 8 (1) (7)49) (10) (11) 75 30 1.00
WP310 $31000  23Cr-20Ni 8 (LN (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 (1)(7)(9)(10)(11) (15) 75 30 1.00
A403 WPS31254 S31254  20Cr-18Ni-6Mo mm 94 44 1.00
WPS31254 S31254  20Cr-18Ni-6Mb6 @™ © 94 44 1.00
A403 WP316 S31600  16Cr-12Ni<2Mo 8 (4)(7)(0)(11) 75 30 1.00
WP316 S$31600  16Cr-12Ni-2Mo 8 (4)(7) (9 (10) (11) 75 30 1.00
WP316H $31609  16Gr-12Ni-2Mo 8 (4)(7) (11) 75 30 1.00
WP316H S31609 ( 16Cr-12Ni-2Mo 8 WM™ Oan 75 30 1.00
A403 WP316L S31603  16Cr-12Ni-2Mo 8 (1) (7)(11) (29) 70 25 1.00
WP316L S31603  16Cr-12Ni-2Mo 8 (1) (7 (9 (11) (29) 70 25 1.00
WP316N $31651  16Cr-12Ni-2Mo-N 8 (1) (7) (10) 80 35 1.00
WP316N $31651  16Cr-12Ni-2Mo-N 8 (1) (7) (9) (10) 80 35 1.00
WPS31726 S31726  19Cr-15.5Ni-4Mo 8 (1) 80 35 1.00
WPS31%26 S§31726  19Cr-15.5Ni-4Mo 8 (1)) 80 35 1.00
A403 WR317 $31700  18Cr-13Ni-3Mo 8 (1) (7) (10) (11) 75 30 1.00
WP317 $31700  18Cr-13Ni-3Mo 8 (1) (7) (9) (10) (11) 75 30 1.00
WP321 S32100  18Cr-10Ni-Ti 8 (4)(7) (10) (11) 75 30 1.00
WP321 $32100  18Cr-10Ni-Ti 8 (4) (7 (9 (10) (11) 75 30 1.00
WP321H $32109  18Cr-10Ni-Ti 8 4 (M@ 75 30 1.00
WP321H $32109  18Cr-10Ni-Ti 8 (MO Ay 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@ 75 30 1.00
WP347H S$34709  18Cr-10Ni-Cb 8 WM™ Oan 75 30 1.00
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ASME B31.1-2018

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: Ferritic/Austenitic
25.7 257 248 239 233 231 F51 A182
27.1 271 26.2 252 24.6 243 F60
33.1 33.0 31.2 30.1 29.6 294 F53
Fittings (Seamless and Welded): Austenitic
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 7.7 61 WP304 A403
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 6.1, 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 15.2 149 14.6 143 14.0 124 98 7.7 61 WP304H
16.7 143 12.8 11.7 109 104 10.2 10.0 98 9.7 WP304L A403
16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 .. WP304L
229 19.1 16.7 151 14.0 13.3 13.0 12.8 125 123 121 118 11.6 113 11.0 9.8 7.7 61 WP304N
229 229 21.7 203 189 179 175 17.2 169 16.6 163 16.0 156 152 124 98 77 61 WP304N
20.0 175 16.1 15.1 14.4 139 13.7 135 13.3 13.1 129 12.7 125 99 7.1 5.0 36 25 WP309 A403
20.0 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 159 9.9 7.1 5.0 36 25 WP309
20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 12.5 A2:3v 9.9 7.1 5.0 36 25 WP310
20.0 20.0 20.0 199 19.3 185 182 179 17.7 174 172 169,159 99 71 50 36 25 WP310
20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.75125 123 99 71 50 36 25 WP310
20.0 20.0 20.0 199 19.3 185 18.2 179 17.7 174 1742169 159 99 71 50 36 25 WP310
269 239 214 198 18.6 179 17.6 174 17.3 WPS31254 A403
269 269 25.5 243 235 23.0 22.8 22.7 22.6 WPS31254
20.0 17.3 15.6 14.3 13.3 12.6 12.3 1213119 118 116 115 114 113 11.2 111 98 74 WP316 A403
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 9.8 74 WP316
20.0 17.3 15.6 14.3 13.3 12.6 128 12.1 119 118 11.6 115 114 113 112 111 9.8 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
16.7 141 12.7 11.7 1009 {10.4 102 100 98 9.6 94 92 90 88 86 84 83 64 WP31l6L A403
16.7 16.7 16.0 15.6. 148 14.0 13.8 13.5 13.2 13.0 12.7 124 121 119 116 114 88 64 WP316L
229 20.7 19.0 126./16.5 15.6 15.2 149 145 14.2 139 13.7 134 132 129 123 9.8 74 WP316N
229 229 220)21.5 21.2 21.0 20.5 20.0 19.6 19.2 188 185 181 178 158 123 9.8 74 WP316N
229 200,79 163 153 14.6 WPS31726
229 2187209 20.5 20.3 19.7 WPS31726
200.\17.3 15.6 143 133 12.6 123 12.1 119 11.8 11.6 11.5 114 113 112 111 9.8 74 WP317 A403
2000 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 9.8 74 WP317
20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 123 121 120 96 69 50 3.6 WP321
20.0 20.0 19.1 18.7 187 183 179 17.5 17.2 169 16.7 165 164 162 96 69 50 36 WP321
20.0 180 16.5 153 143 13.5 13.2 13.0 12.7 12.6 124 123 121 120 119 91 69 54 WP321H
20.0 20.0 19.1 187 18.7 183 179 17.5 17.2 169 16.7 16,5 164 162 123 9.1 6.9 54 WP321H
20.0 184 171 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 91 61 44 WP347 A403
20.0 20.0 188 17.8 17.2 169 16.8 168 16.8 16.8 16.8 16.7 16.6 160 121 91 61 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 16.6 164 162 141 10.5 79 WP347H
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(18) 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 (Cont’d)

A403 WP348 S$34800  18Cr-10Ni-Cb 8 (4)(7)(10) (11) 75 30 1.00
WP348 $34800  18Cr-10Ni-Cb 8 (4)(7) (9 (10) (11) 75 30 1.00
WP348H $34809  18Cr-10Ni-Cb 8 (4)(7) (1) 75 30 1.00
WP348H S34809  18Cr-10Ni-Cb 8 @O an 75 30 1.00

Fittings (Seamless and Welded): Ferritic/Austenitic

A81] $31803 $31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 1.00
$32101 $32101  21Cr-5Mn-1.5Ni-Cu-N  10H (1) (23) (24) 94 65 1.00
$32205 $32205  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 70 1.00
$32101 §32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 101 77 1.00

Castjngs: Austenitic

A351 CF3 J92500 18Cr-8Ni 8 (1)BG)YA7N 70 30 0.80
CF3 J92500  18Cr-8Ni 8 (1) (5) (9) (17) 70 30 0.80
CF3A ]92500 18Cr-8Ni 8 (1) (5 (1A 77.5 35 0.80
CF3A ]92500 18Cr-8Ni 8 (1) (5)9A17) 77.5 35 0.80
CF3M 192800 18Cr-12Ni-2Mo 8 (1J5)(13) (17) 70 30 0.80
CF3M J92800  18Cr-12Ni-2Mo 8  @.JI5) (9) (13) (17) 70 30 0.80

A351] CF8 192600 18Cr-8Ni 8 (5) (10) (17) 70 30 0.80
CF8 192600 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
CF8C J92710 18Cr-10Ni-Cb 8 (1)(5) (9 (10) (17) 70 30 0.80
CF8M J92900  16Cr-12Ni-2Mo 8 (5)(13) (17) 70 30 0.80
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 J93400 ,~25Cr-12Ni 8 (1)(5) (9 (10) (17) 65 28 0.80
CH20 J93402" ;~25Cr-12Ni 8 (1) (5) (10) (17) 70 30 0.80
CH20 98402 25Cr-12Ni 8 (1) (5) (9) (10) (17) 70 30 0.80
CK20 194202 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

Castings: Ferritic/Martensitic

A217 CA15 J91150 13Cr-"Mo 6 (1)B3)B) 90 65 0.80

Bar: Austénitic

A479 N08904  44Fe-25Ni-21Cr-Mo 45 (1) 71 31 1.00
304 S30400  18Cr-8Ni 8 (10) 75 30 1.00
304 S30400  18Cr-8Ni 8 (9)(10) 75 30 1.00
304H S30409  18Cr-8Ni 8 .. 75 30 1.00
304H S30409  18Cr-8Ni 8 (9) 75 30 1.00

A479 304L S30403  18Cr-8Ni 8 (16) 70 25 1.00
304L S30403  18Cr-8Ni 8 (9) (16) 70 25 1.00
304N S30451  18Cr-8Ni-N 8 (10) 80 35 1.00
304N S30451  18Cr-8Ni-N 8 (9) (10) 80 35 1.00

170


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

Table A-3 Stainless Steels (Cont’d)

ASME B31.1-2018

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)
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 WP348 A403
20.0 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 160 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 16.6 164 162 141 105 79 WP348H
Fittings (Seamless and Welded): Ferriti¢/Austenitic
25.7 25.7 24.8 239 23.3 231 $31803 A815
269 269 25.6 24.7 24.7 24.7 $32101
271 27.1 26.2 252 24.6 24.3 $32205
289 289 27.5 26.5 26,5 26.5 $32101
Castingg: Austenitic
16.0 13.3 12.0 11.0 104 98 96 94 9.2 9.0 CF3 A351
16.0 15.2 14.1 13.7 13.5 13.3 13.0 12.7 12.4 121 CF3
17.7 15.6 14.0 129 121 115 11.2 109 CF3A
17.7 168 15.6 151 15.0 15.0 15.0 148 .. .. .. CF3A
16.0 13.8 124 114 106 101 98 97 95 94 093 CF3M
16.0 16.0 15.5 154 14.3 13.6 13.3 13.0 12.8 12.7 125 CF3M
16.0 133 12.0 11.0 104 98 96 94 92 9.0 88%86 85 83 76 60 48 38 CF8 A351
16.0 152 14.1 13.7 13.5 13.3 13.0 12.7 124 121 1189 11.7 114 98 76 60 48 38 CF8
16.0 133 12.0 11.0 104 98 96 94 9.2 9.0.488 86 85 83 81 73 49 36 CF8C
16.0 15.2 14.1 13.7 13.5 133 13.0 12.7 124 12.1 119 11.7 114 11.2 9.7 7.3 49 3.6 CF8C
16.0 138 124 114 106 101 98 97 95%94 93 92 91 91 90 71 55 43 CF8M
16.0 16.0 155 154 14.3 13.6 13.3 130,28 12.7 125 124 123 11.9 92 71 55 43 CF8M
149 122 113 108 105 101 99 .97 94 91 88 85 82 79 68 52 40 30 CH8 A351
149 13.6 12.7 123 123 12.3~123 12.2 120 11.8 115 11.1 10.6 89 6.8 52 4.0 3.0 CHS8
16.0 13.1 121 11.6 11.2 10.8-10.6 104 10.1 98 95 91 88 85 68 52 40 30 CH20
16.0 14.6 13.6 13.3 132 13.2 13.2 13.1 13.0 12.7 124 119 114 89 68 52 40 3.0 CH20
149 122 113 108 (10 101 99 97 94 91 88 85 82 79 76 68 58 48 CK20
149 13.6 12.7 1238123 123 123 122 12.0 11.8 11.5 11.1 106 9.0 7.8 6.8 58 4.8 CK20
Castings: Ferritic{Martensitic
20.6 20%-20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.1 120 74 47 30 19 12 08 CA15 A217
Bay: Austenitic
203 16.7 15.1 13.8 12.7 119 11.6 114 .. A479
20.0 16.7 15.0 138 129 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 10.1 9.8 7.7 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 10.6 104 101 98 77 6.1 304H
20.0 20.0 189 183 17.5 16.6 16.2 158 155 152 149 14.6 143 14.0 124 98 77 6.1 304H
16.7 143 128 11.7 109 104 10.2 10.0 98 9.7 304L A479
16.7 16.7 16.7 158 14.7 14.0 13.7 135 133 13.0 .. .. .. 304L
229 19.1 16.7 15.1 14.0 13.3 13.0 128 12,5 123 121 118 11.6 113 11.0 98 77 6.1 304N
229 229 21.7 203 189 179 175 17.2 169 16.6 163 16.0 156 152 124 9.8 7.7 6.1 304N
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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 (Cont’d)
A479 S30815  21Cr-11Ni-N 8 (1) 87 45 1.00
S30815  21Cr-11Ni-N 8 (1) (9) 87 45 1.00
A479 310S $31008  25Cy-20Ni 8 (10} (11} (15) 75 30 1.00
3108 S31008  25Cr-20Ni 8 (10) (11) (14) 75 30 1.00
310S $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 (1) (9) 95 44 1.00
A479 316 S$31600 16Cr-12Ni-2Mo 8 (10) 7.5 30 1.00
316 S$31600 16Cr-12Ni-2Mo 8 (9) (10) 75 30 1.00
316H S31609  16Cr-12Ni-2Mo 8 .. 75 30 1.00
316H S31609  16Cr-12Ni-2Mo 8 (9) 75 30 1.00
A479 316L $31603  16Cr-12Ni-2Mo 8 (1) (16) (28) (29) 70 25 1.00
316L S31603  16Cr-12Ni-2Mo 8 (1) (9) @6)(28) (29) 70 25 1.00
316N S31651  16Cr-12Ni-2Mo 8 (10) 80 35 1.00
316N S31651  16Cr-12Ni-2Mo 8 (9)\(10) 80 35 1.00
317LMN S31726  19Cr-15.5Ni-4Mo 8 (M 80 35 1.00
317LMN S31726 19Cr-15.5Ni-4Mo 8\ (1) (9) 80 35 1.00
A479 321 $32100  18Cr-10Ni-Ti 8 (10) 75 30 1.00
321 $32100  18Cr-10Ni-Ti 8 (9)(10) 75 30 1.00
321H S32109  18Cr-10Ni-Ti 8 . 75 30 1.00
321H S32109  18Cr-10Ni-Ti 8 (9 75 30 1.00
$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 jy 18Cr-10Ni-Cb 8 . 75 30 1.00
347H S34709 18Cr-10Ni-Cb 8 (9) 75 30 1.00
A479 348 S34800  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
348H S34809  18Cr-10Ni-Cb 8 (9) 75 30 1.00
Bar: |Ferritic/Martensitic
A479 XM-27 S44627  27Cr-1Mo 101 (2) 65 40 1.00
Bar: Ferritic/Austenitic
A479 $31803 $31803 22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 1.00
$32101 S$32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 94 65 1.00
2205 §32205  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 95 65 1.00
$32750 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)

ASME B31.1-2018

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)
249 247 22,0 199 185 17.7 174 17.2 17.0 168 16.6 164 162 149 116 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 9.0 69 5.2
200 176161151 143 137 135 133 131 129 127 125 123 Q9 310S A479
20.0 17.6 16.1 151 14.3 13.7 13.5 13.3 13.1 129 12.7 125 123 99 3108
20.0 20.0 20.0 199 19.3 185 18.2 179 17.7 174 17.2 169 159 9.9 310S
269 239 214 198 186 179 17.6 17.4 17.3
269 269 25.5 243 235 23.0 22.8 22.7 22.6
20.0 173 15.6 143 133 12,6 123 12.1 119 118 11.6 115 114 113 112 111 98) 74 316 A479
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 1245/98 74 316
20.0 173 15.6 143 133 12.6 123 12.1 119 118 11.6 115 114 113 112 HI> 98 74 316H
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 1513124 98 74 316H
16.7 141 12.7 11.7 109 104 102 100 98 9.6 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 12.7 124 121 119116 114 88 64 316L
229 207 19.0 17.6 16.5 15.6 15.2 149 14.5 14.2 139 13.7 1344132 129 123 98 74 316N
229 229 22.0 215 21.2 21.0 20.5 20.0 19.6 19.2 188 185 181178 158 123 98 74 316N
229 200 179 163 153 14.6 317LMN
229 21.8 209 20.5 203 19.7 317LMN
20.0 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 224 123 121 120 96 69 50 36 321 A479
20.0 20.0 19.1 18.7 187 183 179 17.5 17.2 169 16.7 165 164 149 96 69 50 36 321
20.0 18.0 16.5 153 14.3 13.5 13.2 13.0 12.%12.6 124 123 121 120 119 9.1 6.9 54 321H
20.0 20.0 19.1 187 18.7 183 179 17.5 1%2 169 16.7 16,5 164 16.2 123 9.1 6.9 54 321H
314 313 29.5 28.6 28.2
20.0 184 17.1 16.0 15.0 14.3 140 13.8 13.7 13.6 13.5 134 134 134 121 9.1 61 44 347 A479
20.0 20.0 188 17.8 17.2 16.916.8 16.8 16.8 16.8 16.8 16.7 16.6 160 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 16.6 164 162 141 105 79 347H
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 61 44 348 A479
20.0 20.0 188).17.8 17.2 169 16.8 168 16.8 16.8 16.8 16.7 16.6 160 12.1 9.1 61 44 348
20.0 184 171 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 348H
20.0 200,188 178 17.1 169 16.8 16.8 16.8 168 16.8 16.7 16.6 164 162 141 105 79 348H

Bar: Ferritic{Martensitic
186 18.6 183 181 18.1 18.1 18.1 XM-27 A479

Bar: Ferritic/Austenitic
25.7 25.7 24.8 239 233 23.1 $31803 A479
269 269 25.6 24.7 24.7 24.7 $32101
271 27.1 26.2 25.2 24.6 24.3 2205
331 33.0 31.2 30.1 29.6 29.4 §32750
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Table A-3 Stainless Steels (Cont’d)

GENERAL NOTES:
The tabulated specifications are ANSI/ASTM or 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 the 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.

(a)
(®)
@]

(@
(e)

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 orin
Table A-8.

H factors

(g) Pressure-temperature ratings of piping components, as published in standards referenced in this Code, may be used for compaenents npeeting
the reqiiirements of those standards. The allowable stress values given in this Table are for use in designing piping componehts which pre not
manufactured in accordance with referenced standards.

(h) The tabjulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength govern 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 FIGURE 100+1t2-1, FIGURE 100.1.2-2, HJIGURE
100.1§2-3, FIGURE 100.1.2-4, FIGURE 100.1.2-5, FIGURE 100.1.2-6, AND FIGURE 100.1.2-7.

(2) Use of this material at temperatures above 650°F is not approved because of the possibility 6f temper embrittlement.

(3) This steel may be expected to develop embrittlement at room temperature after service at temperatures above 700°F. Consequently/its use
at higher temperatures is not recommended unless due caution is observed.

(4) Forfitfings made from A182 forgings over 5 in. in thickness, the allowable stress valuestabulated shall be reduced by the ratio of 70 divided
by 75

(5) The mjaterial 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'$P<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 mhaterial quality factor for centrifugally cast pipe (0.85) is based omrall' surfaces being machined after heat treatment. The surfacd finish,
after machining, shall be 250 pin. arithmetic average deviation ersmoother.

(9) Due tg relatively 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 thesealloys where slightly greater deformation is acceptable. These stressfvalues
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 notbe 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 mipimum
tempgrature of 1,900°F and quenchingin\water or rapidly cooling by other means.

(12) These|allowable stress values apply to\forgings 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) Theselallowable stress valuesshall be used when the grain size of the material is finer than ASTM No. 6 or when the grain size has n¢t been
deterthined.

(16) Use of external pressure{charts 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 tenpera-
ture apd below following service exposure at the indicated temperatures. This reduction indicates the potential for brittle fracture with high
rate lpading in\the presence of sharp notches or cracks.

Ferrite Content Service Temperature
5% and less 1,100°F and above
10% 900°F and above
15% 800°F and above
20% 700°F and above
25%—30% 600°F and above
35%—40% 500°F 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.

174


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

(18)

ASME B31.1-2018

Table A-3 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 embrittlementat 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 heat treatment applied shall be performed at 1,870°F to 2,010°F, followed by a rapid cool. For A182,
A240, and 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.

Openings 2 4 in. shall conform to para. 127.4.8, except that full-penetration welds shall be used and separate reinforcing pads shall not be
sed

1
This steel may be expected to develop embrittlement after exposure to temperatures above 500°F for prolonged times. Sée ASME BPVC,
Jection II, Part D, Appendix A, A-207 and A-208.

These allowable stress values apply only to forgings 5 in. in thickness and under.

The stress values at temperatures above 1,000°F apply only if Supplementary Requirement S1 has been spegified:
The material shall have an ASTM grain size of 7 or coarser for use at 1,000°F (550°C) and above.

These allowable stress values apply to seamless pipe <% in. wall thickness.

These allowable stress values apply to seamless pipe >% in. wall thickness.
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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 (O] 50 12 1.00
N02201 Annealed Ni-Low C 41 (1) (6) 50 10 1.00
N02201  Str. rel. Ni-Low C 41 M 60 30 1.00
B163 N08800 Annealed Ni-Cr-Fe 45 N 75 30 1.00
N08800 Annealed Ni-Cr-Fe 45 2) (M) 75 30 1.00
N08810 Annealed Ni-Cr-Fe 45 65 25 100
N08810 Annealed Ni-Cr-Fe 45 (2) 65 25 100
B165 N04400 Annealed Ni-Cu 42 1) 5) 70 28 100
N04400 Annealed Ni-Cu 42 (1) (6) 70 25 1.00
N04400  Str. rel. Ni-Cu 42 1) (2) (33 85 35 1.00
B167 N06600 H.F./ann. Ni-Cr-Fe 43 (5) 80 30 100
N06600 H.F./ann. Ni-Cr-Fe 43 (2)N(5) 75 30 100
N06600 H.F./ann. Ni-Cr-Fe 43 6) 75 25 1.00
N06600 H.F./ann. Ni-Cr-Fe 43 (2) (6) 80 25 1.00
B167 N06600 C.D./ann. Ni-Cr-Fe 43 (5) 80 35 100
N06600 C.D./ann. Ni-Cr-Fe 43 2) (5) 80 35 100
N06600 C.D./ann. Ni-Cr-Fe 43 (6) 80 30 100
N06600 C.D./ann. Ni-Cr-Fe 43 (2) (6) 80 30 1.00
B167 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (7N 95 35 1.00
N06617 Annealed 52Ni+22€r-13Co-9Mo 43 2) (7 95 35 100
N06690 C.W./ann. 58Ni-29Cr-9Fe 43 (7) (23) 85 35 100
N06690 C.W./ann. 58Ni-29Cr-9Fe 43 (2) (7) (23) 85 35 1.00
B407 N08800 C.D./ann. Ni-Cr-Fe 45 (7N 75 30 1100
N08800 C.D./ann, Ni-Cr-Fe 45 2) (™ 75 30 100
N08810 Annealed Ni-Cr-Fe 45 7N 65 25 100
N08810 Annealed Ni-Cr-Fe 45 2) (7 65 25 100
B423 N08825-\ *C.W./ann. Ni-Fe-Cr-Mo-Cu 45 (7N 85 35 100
N08825 C.W./ann. Ni-Fe-Cr-Mo-Cu 45 2) (™ 85 35 100
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 1) 100 45 1.00
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (12 100 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.
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 .. N02200

8.0 77 75 75 75 75 75 74 74 72 58 45 37 30 2.4 2.0 1.5 1.2 NO2Z401 B161
67| 64 63 62 62 62 62 62 61 60 58 45 37 30 2.4 2.0 1.5 1.2-\_N02701
17.1] 171 17.0 17.0 168 163 .. N02401

20.0| 185 178 17.2 168 163 16.1 159 157 155 153 151 149 14.7 145 130 9.8 6.6 N08400 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  N08400
16.7 ] 154 144 13.6 129 122 119 116 114 111 109 10.7 105 104 102 10.0 9.3 74  N08g410
16.7 | 16.7 16.7 16.7 16.7 16.7 16.1 15.7 153 15.0 14.7 145 142 14.0 138 (Tl6 9.3 7.4 NO08§10

18.7 ] 164 152 14.7 14.7 14.7 147 14.6 145 143 11.0 80 .. N04400 B165
16.7| 14.6 13.6 132 131 13.1 13.1 13.0 129 12.7 11.0 80 .. N04400
24.3| 243 243 243 243 . N04400

20.0| 191 183 175 168 16.2 159 157 155 152 151 149 10.6 7.0 4.5 3.0 2.2 2.0 N06400 B167
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 N06400
16.7 | 159 15.2 14.6 14.0 13.5 133 13.1 129 127 125 124406 7.0 4.5 3.0 2.2 2.0 N06400
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 N06400

229 21.3 208 205 202 199 198 19.6 194 19.1 .187 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06400 B167
229 229 229 229 229 229 229 229 229 2209) 224 160 10.6 7.0 4.5 3.0 2.2 2.0 N06400
20.0| 191 183 17.5 168 16.2 159 157 15.5\152 151 149 10.6 7.0 4.5 3.0 2.2 2.0 N06400
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 N06400

233|208 19.2 181 17.2 16.6 164 16.2- 160 159 158 157 156 155 154 154 153 153 NO06417 B167
233 233 233 233 233 225 221219 217 215 213 21.2 21.0 209 209 208 207 181 NO06417
233 211 199 191 18.6 184 (184 184 184 184 184 183 165 11.6 9.0 6.5 4.5 3.0 N06490
23.3| 233 233 233 23.1 2209 ,229 228 227 226 225 222 165 116 9.0 6.5 4.5 3.0 N06490

20.0| 185 178 17.2 168 )16.3 161 159 157 155 153 151 149 147 145 130 9.8 6.6  N08400 B407
20.0| 20.0 20.0 20.0-20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 170 130 9.8 6.6 N08400
16.7] 154 144 13%\129 122 119 116 114 111 109 10.7 10.5 104 10.2 10.0 9.3 7.4  NO08410
16.7 | 16.7 16.7-16.7 16.7 16.5 16.1 15.7 153 15.0 14.7 145 142 140 138 11.6 9.3 74  N08410

23.3| 2145203 194 185 178 175 173 172 17.0 .. N08925 B423
233 | 233233 233 233 233 233 233 232 230 .. N08g25
26.7 249 236 22.6 218 21.1 208 20.6 203 20.1 20.0 19.8 19.7 19.5 194 194 N06625 B444
343 343 343 33.6 329 324 321 318 315 31.2 309 30.6 303 299 295 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 26,5 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 24.6 24.0 235 231 228 22.6 224 223 N10276

28,6 256 231 213 201 193 189 187 184 182 180 178 176 175 173 171 169 136 R30556
28.6 286 28.0 271 264 26.0 256 252 249 246 243 241 238 236 233 212 170 136 R30556
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(18) 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 (Cont’d)
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 1)@ 87 43 1.00
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (19) (20) 94 43 1.00
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (2) (19) (20) 94 43 1.00
B690 N08367  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 1.00
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 @8] 80 35 1.00
N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 1) (2 80 35 1100
Welded Pipe and Tube
B464 N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 1) 80 35 g.85
N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 (1) (2) 80 35 .85
B468 N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 ) 80 35 0.85
N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 1) (2) 80 35 .85
B546 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (3R] 95 35 .85
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 1) (2) (7M) 95 35 .85
B619 N06022  Sol. ann. Ni-Mo-Cr-Low G 44 (12) 100 45 .85
N06022  Sol. ann. Ni-Mo-Cr-Low G 44 (2) (12) 100 45 .85
N10276 Sol. ann. Low C-Ni=Mo-Cr 43 (12) 100 41 g.85
N10276  Sol. ann. Low C=Ni=Mo-Cr 43 (2) (12) 100 41 .85
R30556 Annealed Ni~Fe~€r-Co-Mo-W 45 (1 100 45 .85
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (D) (2) 100 45 0.85
B626 N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (12) 100 45 .85
N06022  Sol. anps Ni-Mo-Cr-Low C 44 (2) (12) 100 45 .85
N10276  Sol.ann: Low C-Ni-Mo-Cr 43 (12) 100 41 .85
N10276 ,Sel~ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 (85
R30556¢, “Aninealed Ni-Fe-Cr-Co-Mo-W 45 (€9) 100 45 .85
R30556+" Annealed Ni-Fe-Cr-Co-Mo-W 45 1) (2) 100 45 .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 (D) (2) 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
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
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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)

249 232 213 198 183 173 170 169 169 169 .. N08925 B677
249 249 239 23.0 221 214 211 208 204 201 .. N08925
269 241 215 19.7 187 18.0 17.7 175 174 .. N08926
269[ 269 262 248 237 228 224 220 216 .. N08926

27.1] 262 238 219 20,5 194 19.0 18.6 183 18.0 .. N08367 B690
271 271 25.7 24.6 23.8 233 23.1 229 228 226 .. N08367
286 26.2 238 219 205 194 19.0 186 183 18.0 .. N08367
28.6| 28.6 27.0 258 250 245 243 241 240 238 .. N08367

2291 206 19.7 189 182 17.7 175 174 172 168 .. N08(J20 B729
229\ 229 22.6 222 221 221 220 219 218 218 .. N08(20

Welded Pipe and Tube

194 175 16.7 161 155 150 149 148 146 143 .. N08(20 B464
194 194 19.2 188 188 188 187 18.6 185 185 .. N08(20
1941 17.5 16.7 16.1 155 15.0 149 148 14.6 143 .. N08(20 B468
194] 194 19.2 188 188 188 187 18.6 185 185 .. N08(20

198 17.7 163 154 146 141 139 138 13.6 135 134 133 133 132 131 131 13.0 13.0 N06417 B546
198 19.8 198 198 198 19.1 188 18.6 184 183 181 180 179 178 178 177 176 154 N06417

24.3| 22.7 209 194 183 174 17.0 16.7 16.4 ;162 .. N06(422 B619
24.3| 22.7 209 194 183 174 17.0 16.7(1le4 162 .. N06(22
23.2| 21.2 19.6 181 169 16.0 155 151, 148 145 144 142 141 14.0 N10476
23.2| 232 232 232 229 214 209204 20.0 196 194 19.2 19.0 19.0 N10476

243 21.8 19.6 181 17.1 164 6:4+/159 157 155 153 152 15.0 148 147 145 144 116 R30356
24.3| 243 238 23.0 225 224 217 214 211 209 20.7 20.5 20.2 20.0 198 180 144 116 R30356

24.3| 243 239 231 226 _)22.1 219 218 216 215 .. N06(22 B626
24.3| 243 239 23.1+226 221 219 218 216 215 .. N06(22
23.2| 21.2 19.6 1817169 16.0 155 151 14.8 145 144 142 141 14.0 N10476
23.2| 23.2 23.2¢23.2 229 214 209 204 20.0 19.6 194 19.2 19.0 19.0 N10476

243 21.8 1967181 17.1 164 16.1 159 157 155 153 152 15.0 148 147 145 144 11.6 R30356
24.3| 243.23.8 23.0 225 221 21.7 214 211 209 20.7 20.5 20.2 200 198 180 144 11.6 R30356

21.1 19.7 181 16.8 15.6 14.7 144 144 144 144 .. 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
21.1 19.7 181 16.8 15.6 14.7 144 144 144 144 .. N08925 B674
211 211 204 195 188 182 179 17.7 174 170 .. N08925
229 205 183 16.7 159 153 150 149 148 .. N08926
229 229 223 211 201 194 19.0 187 184 .. N08926
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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 (Cont’d)
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 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 M (2) B8) (21) 100 45 0.85
B676 N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (22) 95 45 .85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8) (22) 95 45 .85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (21) 100 45 085
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) 8) (21 100 45 0.85
B704 N06625 Annealed Ni-Cr-Mo-Cb 43 (14) 120 60 0.85
B705 N06625 Annealed Ni-Cr-Mo-Cb 43 (14) 120 60 085
B804  |N08367 Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) 95 45 a.85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2)48) 95 45 a.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 (B2 (8) (21) 100 45 085
Plate, Shegt, and Strip
B168 N06600 Annealed Ni-Cr-Fe 43 80 35 1400
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 (7) 95 35 1.00
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 2) (7 95 35 1.00
N06690 Annealed 58Ni+29€r-9Fe 43 (7 85 35 1400
N06690  Annealed 58Ni-29Cr-9Fe 43 (2 85 35 100
B409 N08800 Annealed Ni-Cr-Fe 45 4) (7 75 30 1.00
N08800 Annealed Ni-Cr-Fe 45 2)4) (M) 75 30 1.00
N08810 Annealed Ni-Cr-Fe 45 4) (7 65 25 1.00
N08810 Anngaled 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) (7) 85 35 14.00
B435 R30556  Anmnealed NI-Fe-Cr-Co-Mo-W 75 @) TOO 75 T.00
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 1) (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
B463 N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 (1 80 35 1.00
N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 (1) (12) 80 35 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)

231 222 202 187 174 165 16.1 158 155 153 .. N08367 B675
231 231 218 209 202 198 19.6 195 194 192 .. N08367
243 222 202 187 174 165 161 158 155 153 .. N08367
243[ 243 23.0 22.0 213 20.8 20.7 205 204 202 .. N08367

23.1| 22.2 202 187 174 165 161 158 155 153 .. N08367 B676
23.11] 23.1 21.8 209 20.2 198 19.6 19.5 194 192 .. N08367
243 222 202 187 174 165 16.1 158 155 153 .. N08367
243 243 23.0 220 213 208 20.7 20.5 204 202 .. N08367

29.1] 29.1 29.1 285 280 275 273 27.0 268 265 263 26.0 257 254 251 247 N06d425 B704

29.1] 29.1 29.1 285 28.0 275 273 27.0 268 265 263 260 25.7 254 251 \(24.7 N06425 B705

23.1| 22.2 202 187 174 165 161 158 155 153 .. N08367 B804
23.1| 23.1 21.8 209 202 19.8 19.6 195 194 19.2 .. N08367
243 222 202 187 174 165 161 158 155 153 .. N08367
243 243 23.0 22.0 21.3 20.8 20.7 20.5 204 202 .. N08367

Plate, Shegqt, and Strip
229 213 20.8 20.5 20.2 199 198 19.6 194 19.1 184 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06400 B168
229 229 229 229 229 229 229 229 229 229 224 160 106 7.0 4.5 3.0 2.2 2.0 N06400
23.3| 221 215 213 213 21.2 211 21.0 20.8 2045)20.1 19.7 193 145 103 7.2 58 55  N06400
23.3| 23.3 233 233 233 233 233 233 233,233 23.3 233 233 145 103 7.2 58 55 N06400

23.3| 208 19.2 181 17.2 16.6 164 16.2.16.0 159 158 15.7 156 155 154 154 153 153 NO06417 B168
23.3| 233 233 233 233 225 221 219+ 217 215 213 21.2 21.0 209 209 208 207 181 NO6417
23.3| 233 233 233 23.1 229 229\22.8 22.7 22.6 225 222 165 116 9.0 6.5 4.5 3.0 N06490
233 211 199 191 18.6 184 (184 184 184 184 184 183 165 11.6 9.0 6.5 4.5 3.0 N06490

20.0| 185 17.8 17.2 16.8 (163 16.1 159 157 155 153 151 149 147 145 130 9.8 6.6 N08400 B409
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 17.0 130 9.8 6.6  N08400
16.7 | 154 144 13.6129 122 119 116 114 111 109 10.7 10.5 104 102 10.0 9.3 7.4  NO08§10
16.7 | 16.7 16.7 16.7%%16.7 16.5 16.1 15.7 153 15.0 14.7 145 142 140 138 116 9.3 74 NO08§10

233| 214 203-194 185 178 175 173 172 170 .. N08d425 B424
233 | 233,233 233 233 233 233 233 232 230 .. N08g25

28,6 ~ 256 23.I Z2I.3 Z20.I 193 189 18.7 184 18Z 180U 1/8 1/6 175 173 17.I 169 13.6 R30556 B435
28,6 28.6 280 271 264 26.0 256 252 249 24.6 243 241 238 236 233 212 170 136 R30556

26.7 249 23.6 22.6 218 21.1 208 20.6 203 20.1 20.0 19.8 19.7 195 194 194 N06625 B443
314 314 314 308 30.2 29.7 294 29.1 289 286 283 28.0 27.7 274 270 266 N06625
343 343 343 336 329 324 321 318 315 31.2 309 30.6 303 299 295 29.0 N06625
229 206 19.7 189 182 17.7 17.5 174 172 168 .. N08020 B463
229 229 229 226 222 221 221 220 219 218 .. N08020
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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 (Cont’d)
B575 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
B625 N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 (1 87 43 1400
N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 (D (2) 87 43 1400
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (19) (20) 94 43 1.00
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (2) (19) (20) 94 43 1.00
B688 N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (7) (11) (22) 95 45 1.00
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 M) (2) (7) (11) (22) 95 45 1.00
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (7) (10) (21) 100 45 100
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (7) (10) (20) 100 45 o0
Bars, Rodsg, Shapes, and Forgings
B166 N06617  Annealed 52Ni-22Cr-13Co-9Mo 43 (7 95 35 1.00
N06617  Annealed 52Ni-22Cr-13Co-9Mo 43 2) (D 95 35 1.00
N06690 Annealed 58Ni-29Cr-9Fe 43 (7 85 35 1400
N06690 Annealed 58Ni-29Cr-9Fe 43 2) (7) 85 35 1.00
B408 N08800 Annealed Ni-Cr-Fe 45 (7 75 30 1400
N08800 Annealed Ni-Cr-Fe 45 2) (M) 75 30 1.00
N08810 Annealed Ni-Cr-Fe 45 (7) 65 25 100
N08810 Annealed Ni-Cr-Fe 45 2) (7N 65 25 1.00
B425 N08825 Annealed Ni-Fe-Cr-Mo-Cu. 45 (7 85 35 100
N08825 Annealed Ni-Fe-Cr-Mo-Cu 45 2) (1) 85 35 100
B446 N06625  Sol. ann. Ni-Cr=Mo-Cb 43 (14) (18) 100 40 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
B462 N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 M 80 35 1.00
N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 1) (2) 80 35 100
B473 N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 (1 80 35 100
N08020 /Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 1) (2) 80 35 100
B564 NO6617" Annealed 52Ni-22Cr-13Co-9Mo 43 (7 95 35 1400
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 2) (M) 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
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
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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)

28.6 286 282 272 265 26.0 258 256 254 253 .. N06022 B575
28.6 28.6 282 272 265 26.0 258 256 254 253 .. N06022
273 249 23.0 213 199 188 182 178 174 171 16.8 16.7 165 16.5 N10276
273 [ 273 27.3 27.3 269 252 24.6 240 235 231 228 22.6 224 223 N10376

2491 23.2 213 198 183 173 17.0 169 169 169 .. N08925 B625
249 249 239 23.0 221 214 21.1 208 204 201 .. N08925
269 24.1 215 19.7 18.7 180 17.7 175 174 .. N08926
269 | 269 26.2 248 23.7 228 224 220 216 .. N08926

27.1| 26.2 23.8 219 20.5 194 19.0 186 183 18.0 .. N08367 B688
27.1| 271 25.7 24.6 23.8 233 23.1 229 228 226 .. N08367
28.6| 262 238 219 205 194 19.0 186 183 18.0 .. N08367
28.6| 28.6 27.0 258 25.0 24.5 243 241 24.0 238 .. N08367

Bars, Rods, Shapes, and Forgings
23.3] 208 19.2 181 172 16.6 164 16.2 16.0 159 158 15.7 15.6 4557 154 154 153 15.3 N06417 B166
23.3| 233 23.3 233 233 225 221 219 217 215 21.3 21.2 21.0\:209 209 208 20.7 181 N06417
233 | 23.3 233 233 23.1 229 229 228 227 226 225 222 165 116 9.0 6.5 4.5 3.0 N06490
23.3| 211 199 19.1 186 184 184 184 184 184 184 18365 11.6 9.0 6.5 4.5 3.0 N06490

20.0| 185 178 17.2 168 163 16.1 159 157 155 1538151 149 14.7 145 130 9.8 6.6 N08400 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 17.0 130 9.8 6.6  N08400
16.7 ] 154 144 13.6 129 122 119 116 114 114 109 10.7 105 104 102 10.0 9.3 74  N08410
16.7 | 16.7 16.7 16.7 16.7 16.5 16.1 15.7 15.3,(150 14.7 145 142 14.0 138 116 9.3 7.4  NO08§10

233| 214 203 194 185 178 17.5 173172 170 .. N08d425 B425
233 233 233 233 233 233 233 233 232 230 .. N08g25
26.7| 249 23.6 22.6 21.8 21.1 208%\20.6 203 20.1 20.0 19.8 19.7 19.5 194 194 N06425 B446
314 314 314 30.8 30.2 29.7 (294 29.1 289 286 283 28.0 27.7 274 270 266 N06425
34.3| 343 343 33.6 329 324)321 318 315 312 309 30.6 303 299 295 29.0 N06425
229 206 19.7 189 182 7.7 175 174 172 168 .. N08(20 B462
2291 229 22.6 22.2.224 221 220 219 218 218 .. N08(20
229 20.6 19.7 <189 182 17.7 17.5 174 172 168 .. N08(20 B473
229 229 226\22.2 221 221 220 219 218 218 .. N08(20

23.3| 208..19.2 181 17.2 16.6 164 16.2 16.0 159 158 15.7 15.6 155 154 154 153 153 N06417 B564
23.3| 233 233 233 233 225 221 219 217 215 213 21.2 21.0 209 209 208 207 181 NO6417

314 314 314 308 30.2 29.7 294 29.1 289 286 283 28.0 27.7 274 270 266 N06625
343 343 343 336 329 324 321 318 315 31.2 309 30.6 303 299 295 29.0 N06625
271 262 238 219 205 194 19.0 186 183 180 .. N08367 B564
271 271 257 24.6 238 233 231 229 228 226 N08367

200 185 178 17.2 168 163 161 159 157 155 153 151 149 147 145 130 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 20.0 199 170 130 9.8 6.6  N08800
16.7 154 144 13.6 129 122 119 116 114 111 109 10.7 10.5 104 10.2 10.0 9.3 7.4  NO08810
16.7 16.7 16.7 16.7 16.7 16.5 16.1 157 153 15.0 14.7 145 142 140 138 116 9.3 7.4  NO08810
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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 (Cont’d)
B572 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 @8] 100 45 1.00
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (D (2) 100 45 1.00
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 1.00
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 100
B649 N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 (1 87 43 100
N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 1 2 87 43 100
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 1) 94 43 100
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 1 (2 94 43 100
B691  |N08367 Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (22) 95 45 100
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8)(22) 95 45 1.00
Seamless Kittings
B366 N06022  Sol. ann. Low C-Ni-Mo-Cr 44 (€2 100 45 1400
N06022  Sol. ann. Low C-Ni-Mo-Cr 440N(2) (12) 100 45 100
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 1.00
N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 1)@ 80 35 100
N08367 Annealed Fe-Ni-Cr-Mo-N 45 (1) (8) (22) 95 45 100
N08367 Annealed Fe-Ni-Cr-Mo+N 45 (D) (2) (8) (22) 95 45 1400
B366 N08925 Annealed Low C=Nij~Fe-Cr-Mo-Cu 45 1) 87 43 100
N08925 Annealed Lowr C=Ni-Fe-Cr-Mo-Cu 45 (D (2) 87 43 14.00
N08926 Annealed Low C-Ni-Fe-Cr-Mo-Cu-N 45 (1 94 43 1400
N08926 Annealed Low C-Ni-Fe-Cr-Mo-Cu-N 45 (1) (2) 94 43 100
B366 N10276 Sol. anpe Low C-Ni-Mo-Cr 43 (12) 100 41 1.00
N10276  Sol.anm Low C-Ni-Mo-Cr 43 (2) (12) 100 41 1.00
R30556  Anmnealed Ni-Fe-Cr-Co-Mo-W 45 (1) 100 45 1400
R305564¢, “Arinealed Ni-Fe-Cr-Co-Mo-W 45 (D) (2) 100 45 100
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

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 0.85
N06022  Sol. ann. Low C-Ni-Mo-Cr 44 (2) (12) (13) 100 45 1.00
N06625 Annealed Ni-Cr-Mo-Cb 43 (14) 110 50 0.85
N06625 Annealed Ni-Cr-Mo-Cb 43 (13) (14) 110 50 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)
286 25.6 231 213 20.1 193 189 187 184 182 180 178 176 175 173 171 169 136 R30556 B572
28.6 286 28.0 27.1 264 26.0 25.6 252 249 246 243 241 238 236 233 212 170 136 R30556

28.6 | 229 229 22.6 222 221 221 22.0 219 218 .. N06(22 B574
28.6| 28.6 282 272 265 260 258 25.6 254 253 .. NO06(22
27.3| 249 23.0 213 199 188 182 178 174 171 169 16.7 16.6 16.5 N10476
27.3| 273 273 273 269 252 24.6 24.0 235 231 228 226 224 223 N10376
249 232 213 198 183 173 17.0 169 169 169 .. N08925 B649
2491 249 239 23.0 221 214 211 208 204 201 .. N08925
269| 241 215 19.7 187 18.0 17.7 175 174 .. N08926
269| 269 26.2 24.8 23.7 228 224 220 216 .. N08926
27.1| 26.2 238 219 20.5 194 19.0 186 183 18.0 .. N08367 B691
27.1| 271 25.7 24.6 238 233 231 229 228 226 .. N08367

Seamless Fittings
28.6| 26.7 24.6 229 21.5 204 20.0 19.6 193 19.0 .. N06(422 B366
28.6| 28.6 282 27.2 265 260 258 256 254 253 .. N06(22

314 314 314 30.8 30.2 29.7 29.4 29.1 289 28.6 283.28.0 27.7 274 270 266 21.0 132 NO06{425

229 20,6 19.7 189 182 17.7 175 174 172 168 .. N08(20 B366
2291 229 226 222 221 221 22.0 219 218 2Z2N8 .. N08(20
27.1| 26.2 238 219 20.5 194 19.0 18.6 183 ,18.0 .. N08367
271 271 25.7 24.6 238 233 231 229(228 226 .. N08367
2491 232 213 198 183 173 170169 169 169 .. N08925 B366
2491 249 23.0 23.0 221 214 2134208 204 201 .. N08925
269 241 215 19.7 18.7 1860 17.7 17.5 174 .. N08926
269 | 269 26.2 24.8 23.7 (228 224 22.0 216 .. N08926
27.3| 249 23.0 21.3~199 188 182 178 174 17.1 169 16.7 16.6 16.5 N10476 B366
27.3| 273 27.3 273%269 252 24.6 24.0 235 231 22.8 22.6 224 223 N10476

28.6| 25.6 23.1-21.3 20.1 19.3 189 187 184 182 18.0 178 17.6 175 173 17.1 169 13.6 R30356
28.6| 28.6 280727.1 264 26.0 256 252 249 24.6 243 241 238 236 233 212 170 136 R30356

27.1| 262 238 219 20.5 194 19.0 186 183 18.0 .. N08367 B462
27.1 271 25.7 24.6 238 233 231 229 228 226 .. N08367

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 .. N06022
28.6 286 282 27.2 26,5 26.0 258 25.6 254 253 .. N06022
26.7 267 26.7 26.2 25.7 252 250 247 24.6 243 241 23.8 235 233 23.0 226 N06625
314 314 314 308 30.2 29.7 294 29.1 289 286 283 28.0 27.7 274 270 266 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
Welded Fittings (Cont’d)
B366 N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 1 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 1)@ 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 .85
N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (8) (13) (22) 95 45 oo
N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (2) (8) (22) 95 45 .85
N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (2) (8) (13) (22) 95 45 1.00
B366 N08925 Annealed Low C-Ni-Fe-Cr-Mo-Cu 45 1) 87 43 (.85
N08925 Annealed Low C-Ni-Fe-Cr-Mo-Cu 45 (1) (13) 87 43 100
N08925 Annealed Low C-Ni-Fe-Cr-Mo-Cu 45 (D) (2) 87 43 0.85
N08925 Annealed Low C-Ni-Fe-Cr-Mo-Cu 45 (1) (2) (13) 87 43 100
B366 N08926 Annealed Low C-Ni-Fe-Cr-Mo-Cu-N 45 (1) (19)(20) 94 43 g.85
N08926 Annealed Low C-Ni-Fe-Cr-Mo-Cu-N 45 (1) (13) 94 43 1.00
N08926 Annealed Low C-Ni-Fe-Cr-Mo-Cu-N 45 (N2) (19) (20) 94 43 .85
N08926 Annealed Low C-Ni-Fe-Cr-Mo-Cu-N 45 M) (2) (13) 94 43 100
B366 N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (12) 100 41 (85
N10276  Sol. ann. Low C-Ni-Mo-Cr 43 (12) (13) 100 41 100
N10276  Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 a.85
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) (13) 100 41 1.00
B366 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 1) 100 45 (85
R30556 Annealed Ni-Fe=Cr=Co-Mo-W 45 (1) (13) 100 45 1.00
R30556 Annealed Ni~Fe~€r-Co-Mo-W 45 (D (2) 100 45 .85
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (D) (2) (13) 100 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.

Welded Fittings (Cont’d)

194 175 168 16.1 155 150 149 148 14.6 143 .. N08020 B366
229 206 19.7 189 182 17.7 175 174 172 168 .. N08020
194 194 19.2 188 188 188 187 186 185 185 .. N08020
229[ 229 226 222 221 221 220 219 218 218 .. N08Q20

231 222 202 187 174 165 16.1 158 155 153 .. N08367 B366
27.1] 262 238 219 205 194 19.0 18.6 183 18.0 .. N08367
23.1] 23.1 218 209 202 19.8 19.6 19.5 194 19.2 .. N08367
27.1| 271 257 24.6 238 233 231 229 228 226 .. N08367

21.1] 19.7 181 168 15.6 14.7 144 144 144 144 .. N08925 B366
249\ 232 213 198 183 173 170 169 169 169 .. N08925
21.1] 211 204 195 188 182 179 17.7 174 17.0 .. N08925
249 249 239 23.0 221 214 211 208 204 201 .. N08925

229 205 183 16.7 159 153 150 149 148 .. N08926 B366
269 241 215 19.7 187 180 17.7 175 174 .. N08926
229|229 223 211 201 194 19.0 187 184 .. N08926
269| 269 262 248 23.7 228 224 220 216 .. N08926

232 21.2 19.6 181 169 16.0 155 151 148 145 144 142 141 14.0 N10476 B366
27.3| 249 23.0 213 199 188 182 178 174 171 169 16.7 16.6 165 N10376
23.2| 23.2 232 232 229 214 209 204 20.0 ,196 194 19.2 19.0 19.0 N10376
273 273 273 273 269 252 246 24.0 23.5,23.1 228 22.6 224 223 N10476

243] 218 19.6 181 171 164 161 159, 157 155 153 152 150 148 147 145 144 11.6 R30956 B366
28.6| 25.6 231 213 20.1 19.3 189187 184 182 18.0 178 17.6 175 173 171 169 136 R30356
243 243 238 23.0 225 221 21%/214 211 209 20.7 205 202 20.0 198 180 144 116 R30356
28.6| 28.6 28.0 27.1 264 26400 256 252 249 24.6 243 241 238 236 233 212 170 136 R30356
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Table A-4 Nickel and High Nickel Alloys (Cont’d)

GENERAL NOTES:

(@) The tabulated specifications are ANSI/ASTM or 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 the 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) Thematerials 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.

(f)  Thetapulated stress values are S x £ (weld joint elficiency factor) or s X F (Inaterial quality factor), as applicable. Weld joint efficiency factors
are siown in Table 102.4.3-1.

(g) Pressure-temperature ratings of piping components, as published in standards referenced in this Code, may be used fercomppnents
meetihg the requirements of those standards. The allowable stress values given in this Table are for use in designing piping'coniponents 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 pupture strength govern the
selectjon of stresses.

(j) See pgra. 124.1.2 for lower temperature limits.

NOTES:

(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURE\160.1.2-1, FIGURE 100.1.2-2, HJIGURE
100.1§2-3, FIGURE 100.1.2-4, FIGURE 100.1.2-5, FIGURE 100.1.2-6, AND FIGURE 100.1.2-7.

(2) Duetdtherelatively lowyield strengths of these materials, these higher allowable stress values were established at temperatures where the
short fime tensile properties govern to permit the use of these alloys where slightly greater deformation 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 otherapplications 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 nor prohibited. However, if heat treatment is applied, the solution anpealing
treatnpent shall consist of heating to a minimum temperature of 2,025°F and then quenching in water or rapidly cooling by other means.

(9) These|values apply to thickness less than % in.

(10) These|values apply to thickness from ¥ in. up tosand including ¥, in.

(11) These|values apply to thickness more than jin.

(12) All filler metal, including consumable insert'inaterial, shall comply with the requirements of ASME BPVC, Section IX.

(13) These|values (E=1.00) apply only to Class. WX or WU fittings (all welds radiographed or ultrasonically examined).

(14) This glloy 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°E-ox 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 gufficient time in the range of 2,010°F to 2,100°F followed by quenching in water or rapidly cooled by another means.

(20) Weldipg electfiodes or filler metal used for welding UNS N08926 shall conform to SFA-5.11 ENiCrMo-3 or ENiCrMo-4, or SHA-5.14
ERNi(rMor3_or'ERNiCrMo-4.

(21) These|values’apply to thicknesses ¥4 in. or less.

(22) Theselvalues-applyto-thicknesses-greater—than—4y-in

(23) The values apply to seamless pipe and tubing with outside diameter 5 in. and under.
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Table A-5 Cast Iron

Specified Specified E
Minimum Minimum or
Spec. No. Class Notes Tensile, ksi Yield, ksi F
Gray Cast Iron
A48 20 M@ B @ 20
25 MmEAB MW 25
30 MEAB W 30
35 B-23-33-43 35
40 1)@ B) @ 40
45 1@ 6@ 45
50 MEEMW 50
55 MEAB MW 55
60 MEAB W 60
A126 A 2)3B3)@ (™ 21
B 2)B) @™ 31
c 2)B3)M@® ™ 41
278 20 (2) (4) (5) 20
25 (2) (4) (5) 25
30 2y @) (5 30
35 2y (@) (5 35
40 2) @) (5) 40
45 (2) (4) (5 45
50 (2) (4) (5) 50
55 (2) (4) (5) 55
60 2) @) (5 60
Ductile (ast Iron
A395 60-40-18 (6).(8) 60 40 0.80
65-45-15 (6).(8) 65 45 0.80
A536 60-42-10 (1) (8) 60 42 0.80
70-50-05 (1) (8) 70 50 0.80
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Table A-5 Cast Iron (Cont’d)

ASME B31.1-2018

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

3.0 30

35 35

4.0 40

4.5 45

5.0 50

5.5 55

6.0 60

2.1 A1R6

3.1 B

4.1 C

2.0 2.0 20 A2[78

2.5 2.5 25

3.0 3.0 30

3.5 3.5 35

4.0 4.0 40

4.5 4.5 45

5.0 5.0 50

5.5 5.5 55

6.0 6.0 60

Ductil¢ Cast Iron

9.6 9.6 9.6 9.0 8.5 60-40-18 A3pP5
10.4 10.4 65-45-15

9.6 9.6 9.6 9.0 8.5 60-42-10 A5B6
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 ANSI/ASTM or 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) 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 o
(8)

thereq
manuf:
(h) See par

NOTES:
(1) THIS M
FIGURH

(2) Materigl quality factors are not applicable to these materials.

(3) For sat
(4) For lim
(5) This m4g
450°F
(6) Thismg
temper
(7) Piping(
the par
(8) For lim|

f cast iron.

irements of those standards. The allowable stress values given in this Table are for use in designing piping components which
tured in accordance with referenced standards.
. 124.1.2 for lower temperature limits.

ATERIAL IS NOT ACCEPTABLE FOR BOILER EXTERNAL PIPING — SEE FIGURE 100.1.2-1, FIGURE 100/2-2, FIGURE 10
100.1.2-4, FIGURE 100.1.2-5, FIGURE 100.1.2-6, AND FIGURE 100.1.2-7.

rated steam at 250 psi (406°F), the stress values given at 400°F may be used.
tations on the use of this material, see para. 124.4.

terial shall not be used where the design pressure exceeds 250 psig [1 725 kPa (gage)] or where the design temperature €
230°C).

terial shall not be used for boiler external piping where the design pressure exceeds 350 psig [2 415 kPa (gage)] or where the
hture exceeds 450°F (230°C).

omponents conforming to either ASME B16.1 or ASME B16.4 may be used for boiler external piping, subject to all the requirem
Ficular standard.

tations 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, Kksi 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
C€10200, C12000, C12200 Drawn Over 2to 12 31 (2) (4) 36 30 1.00
B43 C23000 Annealed 31 (2) 40 12 1{00
€23000 Drawn 31 (2) (4) 40 18 1|oo
B68 C€10200, C12000, C12200 Annealed 31 (1) 30 9 1/00
B75 C€10200, C12000, C12200 Annealed 31 (2) 30 9 1/00
C10200, C12000, C12200 Light drawn 31 (2)4) 36 30 1{00
€10200, C12000, C12200 Hard drawn 31 (2)(4) 45 40 1/00
B88 €10200, C12000, C12200 Annealed 31 (1) 30 9 1/00
€10200, C12000, C12200 Drawn 31 (1) 4) 36 30 1/00
B111 €10200, C12000 Light drawn 31 (1) (3) 36 30 1{oo
€10200, C12000 Hard drawn 31 (1) 45 40 1/00
C12200, C14200 Light drawn 31 | (AINE3) 36 30 1/00
C12200, C14200 Hard drawn 31 ¢1) (3) 45 40 1100
B111 C23000 Annealed 32 (1) 40 12 1{00
€28000 Annealed 32 (2) 50 20 1/00
C44300, C44400, C44500 Annealed 32 (2) 45 15 1/00
€60800 Annealed 35 (1) 50 19 1100
B111 C68700 Annealed 32 (1) 50 18 1{00
C70400 Annealed 34 (1) 38 12 1/00
C70400 Lighti\drawn 34 (1)@ 40 30 1/00
B111 C70600 Annealed 34 (2) 40 15 1{00
C71000 Annealed 34 (2) 45 16 1/00
C71500 Annealed 34 (2) 52 18 1{00
B280 C12200 Annealed 31 (1) 30 9 1/00
C12200 Drawn 31 (1)@ 36 30 1/00
B302 €12000,C12200 Drawn 31 (1) (3) 36 30 1{00
B315 C61300, C61400 Annealed 35 (1) 65 28 1/00
B466 C70600 Annealed 34 (1) 38 13 1.00
C71500 Annealed 34 (1) 52 18 1.00
Welded Pipe and Tube
B467 €70600 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
C71500 Annealed Over 4%, 34 (1) 45 15 0.85
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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

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 .. ... €10200, C12000, C12200
g0 80 80 80 80 70 50 20 @ .. .. C23000 B43
g0 80 80 80 80 70 50 20 @ .. ... C23000
40 51 49 48 47 40 30 .. ... €10200,)C12000, C12200 B68
40 51 49 48 47 40 30 .. ... C10200, C12000, C12200 B75
143 103 103 103 100 9.7 94 .. ... , €10200, C12000, C12200
149 129 129 129 125 118 43 .. £.5.€10200, C12000, C12200
40 51 49 48 47 40 30 .. ... €10200, C12000, C12200 B88
143 103 103 103 100 9.7 94 .. ... C10200, C12000, C12200
143 103 103 103 100 9.7 94 .. ... €10200, C12000 B111
149 129 129 129 125 118 43 .. ... €10200, C12000
1¢.3 103 103 103 100 9.7 94 .. ... C12200, C14200
149 129 129 129 125 118 43 .. .. C12200, C14200
g0 80 80 80 80 70 50 20 @ .. ... C23000 B111
133 133 133 133 133 108 53 .. .. €28000
140 100 100 100 100 98 35 20 .. .. (44300, C44400, C44500
14.7 122 122 122 120 100 60 4.0 %20 .. ... €60800
140 119 118 11.7 117 6.5 33 18/ .. .. €68700 B111
40 80 .. .. C70400
114 114 .. .. C70400
1o 9.7 95 93 90 (88 87 85 80 70 60 .. .. C70600 B111
14.7 10.6 105 104 102 01 99 96 93 89 84 77 70 .. .. C71000
140 116 113 11.0 .10.8 105 103 101 99 98 96 95 94 .. ... C71500
40 51 49 48" 47 40 30 .. .. C12200 B280
1¢.3 103 10.3\20.3 100 9.7 94 .. .. C12200
14.3 1034403 103 100 9.7 94 .. ... €12000, C12200 B302
146186 185 183 182 181 179 175 170 .. ... €61300, C61400 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

Welded Pipe and Tube

85 83 81 79 77 75 74 72 63 57 43 . .. €70600 B467
74 72 70 68 67 65 64 63 62 57 43 . .. €70600

11.3 109 107 104 102 100 97 96 94 92 91 .. .. C71500
85 82 80 78 76 75 73 7.2 70 69 68 .. ... C71500

195


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

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 (Cont’d)

B608 C€61300, C61400 Annealed 35 (1) (6) 70 30 0.80

Plate

B171 C70600 Annealed 2% & under 34 (1) 40 15 1.00
C70600 Hot rolled 2% & under 34 (1) 40 15 1100
C71500 Annealed 2% & under 34 (1) 50 20 1{00
C71500 Annealed Over2%to5 34 (1) 45 18 100

Rod

B16 C36000 Annealed 1 & under 2)B3) (™M @6 48 20 1/00
C36000 Annealed Over 1 to 2 2B ™ ® 44 18 1/00
C36000 Annealed Over 2 2)(3) (M) ) 40 15 1{00

B151 C71500 Annealed Over 1 34 (1) 45 18 1{00

B453 C35300 Annealed Under % (2) BN (8) 46 16 100
C35300 Annealed Y%to 1 2).(3 (7) (8) 44 15 1{00
C35300 Annealed Over 1 2¥3) (M ® 40 15 100

Bar

B16 C36000 Annealed 1 & under 2)B3) (™M@ 44 18 1/00
C36000 Annealed Over 1 2)(3) (1) (8 40 15 100

Die Forgings (Hot Pressed)

B283 C37700 As forged 1Y%, & under 13 50 18 1100
C37700 As forged Over 1% M3 46 15 1100

Casting

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
C€95400 As cast 35 (1) (5) 75 30 0{80

B584 €92200 As cast 34 16 0{80
C93700 As cast 3) 30 12 0{80
€97600 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

Spec.
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 UNS Alloy No. No.
Welded Pipe and Tube (Cont’d)
160 159 158 157 156 155 154 151 146 .. .. €61300, C61400 B608
Plate
100 97 95 93 90 88 87 85 80 70 60 .. ... C70600 B171
1o 97 95 93 90 88 87 85 80 70 60 .. ... C70600
133 129 126 123 120 11.7 115 112 11.0 108 10.7 106 104 .. .. C71500
140 116 113 110 108 105 103 101 99 98 96 95 94 .. ... C71500
Rod
133 126 120 115 111 107 53 20 .. .. €36000 B16
140 113 108 104 100 9.7 53 20 .. «\ £36000
1o 94 90 87 83 81 53 20 .. = C36000
140 116 113 11.0 108 105 103 101 99 98 96 95 94 _\. ... C71500 B151
147 101 96 92 89 86 53 20 .. ... €35300 B453
140 94 90 87 83 81 53 20 .. ... €35300
1o 94 90 87 83 81 53 20 .. ... €35300
Bar
140 113 108 104 100 9.7 53 20 .. ... €36000 B16
1o 94 90 87 83 81 53 20 .. .. €36000
Die Forgings (Hot Pressed)
140 113 108 C37700 B283
10 94 9.0 C37700
Castings
178 78 78 78 78 (787 66 62 58 40 .. ... €92200 B61
49 69 69 69 66 65 55 54 .. .. (83600 B62
134 126 122 18 116 114 114 114 114 94 59 .. ... €95200 B148
140 152 150 148 148 148 148 128 111 88 68 .. ... €95400
18 78\Vv78 78 78 78 66 62 58 40 .. ... €92200 B584
44 C59 55 53 53 52 51 €93700
4058 56 55 54 €97600
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ASME B31.1-2018

Table A-6 Copper and Copper Alloys (Cont’d)

GENERAL NOTES:

(@) The tabulated specifications are ANSI/ASTM or 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-Numberslisted 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 the 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. However,
for saturated steam at 250 psi (406°F), the allowable stress values given for 400°F may be used.
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Table A-7 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
Alclad A93003 0 0.010 to 0.500 21 (1) 4) 13 4.5 1.00
Alclad A93003 H14 0.010 to 0.500 21 M@ 19 16 1.00
B210 |A95050 0 0.018 to 0.500 21 (1) 18 [ 1.00
Alclad A95050 0 0.018 to 0.500 21 (1) (13) (23) 17 1.00
A96061 T4 0.025 to 0.500 23 (1) (6) 30 16 1.00
A96061 T6 0.025 to 0.500 23 (1) (6) 42 35 1.00
A96061 T4, T6 welded 0.025 to 0.500 23 ()™ 24 1.00
Seaml¢ss Pipe and Seamless Extruded Tube
B241 |A93003 0 All 21 (1) 14 5 1.00
A93003 H18 Less than 1.000 21 (1) (3) 27 24 1.00
B241 |A93003 H112 Note (20) 21 (1) (3) 20) 14 5 1.00
Alclad A93003 0 All 21 (1.4 13 45 1.00
Alclad A93003 H112 All 21 A1) (3) (4) 13 45 1.00
B241 | A95083 0 All 25 (1) (8) 39 16 1.00
A95083 H112 All 25 (1) (3)(8) 39 16 1.00
A95454 0] Up thru 5.000 22 (1) 31 12 1.00
A95454 H112 Up thru 5.000 22 (1) 31 12 1.00
B241 [A96061 T4 All 23 (1) 6) 9 26 16 1.00
A96061 T6 Pipe < NPS 1 23 M2 B 42 35 1.00
A96061 T6 Note (24) 23 (1) (6) (9) (24) 38 35 1.00
A96061 T4, T6 welded All 23 M@ 24 1.00
A96063 T6 Note (10) 23 (1) (6) (10) 30 25 1.00
A96063 T5, T6)welded Note (10) 23 (1) (7) (10) 17 10 1.00
Drawrn Seamless Condenser and Heat Exchanger Tube
B234 | A93003 H14 0.010 to 0.200 21 (1) (2) 20 17 1.00
Alclad A93003 H14 0.010 to 0.200 21 M2 @ 19 16 1.00
A95454 H34 0.010 to 0.200 22 (1) (@2 39 29 1.00
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
Arc-Welded Round Tube
B547 A93003 0 0.125 to 0.500 21 (1) (15) 14 1.00
A93003 0 0.125 to 0.500 21 (1) (16) 14 0.85
A93003 H112 0.250 to 0.400 21 (1) (14) (15) 17 10 1.00
A93003 H112 0.250 to 0.400 21 (1) (14) (16) 17 10 0.85
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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

100 150 200 250 300 350 400 UNS Alloy No. Slgf).c
Drawn Seamless Tube

3.4 3.4 3.4 3.0 2.4 1.8 14 A93003 B210
5.7 5.7 5.7 4.9 43 3.0 24 A93003
3.0 3.0 3.0 2.7 2.2 1.6 1.3 Alclad A93003
5.1 5.1 5.1 4.5 39 2.7 2.1 Alclad A93003
4.0 4.0 4.0 4.0 4.0 2.8 14 A95050 B210
33 33 33 33 33 2.8 14 Alclad A95050
8.6 8.6 8.6 8.5 6.9 6.3 45 A96061

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

Seamless Pipe and Seamless Extrjpded Tube

3.4 3.4 3.4 3.0 2.4 1.8 1.4 A93003 B241

7.8 7.8 7.7 6.3 5.4 3.5 2.5 A93003

3.4 3.4 3.4 3.0 2.4 K8 14 A93003 B241

3.0 3.0 3.0 2.7 2.2 1.6 1.2 Alclad A93003

3.0 3.0 3.0 2.7 2.2 1.6 1.2 Alclad A93003
10.7 10.7 A95083 B241
10.7 10.7 A95083

8.0 8.0 8.0 7.5 55 4.1 3.0 A95454

8.0 8.0 8.0 7.5 55 4.1 3.0 A95454

7.4 7.4 7.4 7.4 6.0 58 4.5 A96061 B241
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061

6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061

8.6 8.6 8.6 6.8 5.0 3.4 2.0 A96063

4.3 4.3 4.3 4.2 3.9 3.0 2.0 A96063

Drawn Seamless Condenser and Heat Exchdnger Tube

5.7 5.7 5.7 4.9 4.3 3.0 2.4 A93003 B234
5.1 5.1 5.1 45 3.9 2.7 2.1 Alclad A93003
11.1 111 11.1 7.5 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

Arc-Welded Round Tube

3.4 3.4 3.4 3.0 2.4 1.8 14 A93003 B547
2.9 2.9 2.9 2.6 2.0 1.5 1.2 A93003
4.9 4.9 4.9 4.0 3.6 3.0 2.4 A93003
4.2 4.2 4.2 3.4 3.1 2.6 2.0 A93003
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Table A-7 Aluminum and Aluminum Alloys (Cont’d)

ASME B31.1-2018

Specified Specified
Size or Minimum Minimum E
Spec. Thickness, P- Tensile, Yield, or
No. UNS Alloy No. in. No. Notes ksi ksi F
Arc-Welded Round Tube (Cont’d)
B547 Alclad A93003 0 0.125 to 0.499 21 (1) (4) (15) 13 4.5 1.00
Alclad A93003 0 0.125 to 0.499 21 (1) (4) (16) 13 4.5 0.85
Alclad A93003 H112 0.250 to 0.499 21 (1) (4) (14) (15) 16 9 1.00
Alclad A93003 HI12 0.250 to 0.499 21 (1) (4) (14) (16) 16 9 0.85
B547 |A95083 0 0.125 to 0.500 25 (1) (8) (15) 40 18 1.00
A95083 0 0.125 to 0.500 25 (1) (8) (16) 40 18 0.85
B547 | A95454 0 0.125 to 0.500 22 (1) (15) 31 12 1.00
A95454 0 0.125 to 0.500 22 (1) (16) 31 12 0.85
A95454 H112 0.250 to 0.499 22 (1) (14) (15) 32 18 1.00
A95454 H112 0.250 to 0.499 22 (1) (14) (16) 32 18 0.85
B547 |A96061 T4 0.125 to 0.249 23 (1) (7) (15) (17) 30 16 1.00
A96061 T4 0.125 to 0.249 23 (1) (7) (16).@7) 30 16 0.85
A96061 T451 0.250 to 0.500 23 (1) () {25)1(17) 30 16 1.00
A96061 T451 0.250 to 0.500 23 (1) (O(16) (17) 30 16 0.85
B547 | A96061 T6 0.125 to 0.249 23 1) (7) (15) (17) 42 35 1.00
A96061 T6 0.125 to 0.249 230> (1) (7) (16) (17) 42 35 0.85
A96061 T651 0.250 to 0.500 23 (D) (7) (15) (17) 42 35 1.00
A96061 T651 0.250 to 0.500 23 (1) (7) (16) (17) 42 35 0.85
B547 | A96061 T4 0.125+0_0.249 23 (1) (7) (15) (25) 30 16 1.00
A96061 T4 0.125-to 0.249 23 (1) (7) (16) (25) 30 16 0.85
A96061 T451 0.250 to 0.500 23 (1) (7) (15) (25) 30 16 1.00
A96061 T451 0.250 to 0.500 23 (1) (7) (16) (25) 30 16 0.85
B547 | A96061 T6 0.125 to 0.249 23 (1) (7) (15) (25) 42 35 1.00
A96061 T6 0.125 to 0.249 23 (1) (7) (16) (25) 42 35 0.85
A96061 T651 0.250 to 0.500 23 (1) (7) (15) (25) 42 35 1.00
A96061 T651 0.250 to 0.500 23 (1) (7) (16) (25) 42 35 0.85
Sheet and Plate
B209 |A93003 0 0.051 to 3.000 21 (1) 14 5 1.00
A93003 H112 0.250 to 0.499 21 (D)3 17 10 1.00
A93003 H112 0.500 to 2.000 21 (1) (3) 15 6 1.00
B209 Alclad A93003 0 0.051 to 0.499 21 (1) (4) 13 4.5 1.00
Alclad A93003 0 0.500 to 3.000 21 (1) (18) 14 5 1.00
Alclad A93003 H112 0.250 to 0.499 21 (B ® 16 1.00
Alclad A93003 H112 0.500 to 2.000 21 (1) (3) (19) 15 1.00
B209 A95083 0 0.051 to 1.500 25 (1) (8) 40 18 1.00
A95454 0 0.051 to 3.000 22 (1) 31 12 1.00
A95454 H112 0.250 to 0.499 22 (1) (3 32 18 1.00
A95454 H112 0.500 to 3.000 22 (13 31 12 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. ll;o.
Arc-Welded Round Tube (Cont’d)
3.0 3.0 3.0 2.7 2.2 1.6 1.3 Alclad A93003 B547
2.6 2.6 2.6 2.3 1.9 1.4 1.1 Alclad A93003
4.6 4.6 4.6 2.7 2.2 1.6 1.3 Alclad A93003
3.9 39 3.9 2.3 1.9 1.4 11 Alclad A93003
11.4 11.4 A95083 B547
9.7 9.7 A95083
8.0 8.0 8.0 7.5 55 4.1 3.0 A95454 B547
6.8 6.8 6.8 6.4 4.7 3.5 2.6 A95454
9.1 9.1 9.1 7.5 55 4.1 3.0 A95454
7.8 7.8 7.8 6.4 4.7 3.5 26 A95454
8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B547
7.3 7.3 7.3 7.2 59 54 3.8 A96061
8.6 8.6 8.6 85 6.9 6.3 4.5 A96061
7.3 7.3 7.3 7.2 59 54 38 A96061
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061 B547
10.2 10.2 10.2 9.9 7.1 54 3.8 A96061
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
10.2 10.2 10.2 9.9 7.1 54 3.8 A96061
6.9 6.9 6.9 6:9 5.5 4.6 3.5 A96061 B547
5.9 5.9 5.9 5:9 4.7 3.9 3.0 A96061
6.9 6.9 6.9 6.9 5.5 4.6 35 A96061
5.9 5.9 5.9 5.9 4.7 3.9 3.0 A96061
6.9 6.9 6.9 6.9 5.5 4.6 3.5 A96061 B547
5.9 5.9 5.9 5.9 4.7 3.9 3.0 A96061
6.9 6.9 6.9 6.9 5.5 4.6 3.5 A96061
5.9 5.9 5.9 5.9 4.7 3.9 3.0 A96061
Sheef and Plate
3.4 3.4 3.4 3.0 2.4 1.8 1.4 A93003 B209
4.9 4.9 4.9 4.0 3.6 3.0 2.4 A93003
3.8 3.8 3.7 3.2 2.4 1.8 14 A93003
3.0 3.0 3.0 2.7 2.2 1.6 1.3 Alclad A93003 B209
3.0 3.0 3.0 2.7 2.2 1.6 1.3 Alclad A93003
43 4.3 43 3.8 3.3 2.7 2.1 Alclad A93003
3.9 3.9 3.9 3.0 2.2 1.6 1.3 Alclad A93003
11.4 11.4 . " A95083 B209
8.0 8.0 8.0 7.5 55 4.1 3.0 A95454
9.1 9.1 9.1 7.5 55 4.1 3.0 A95454
8.0 8.0 8.0 7.5 55 4.1 3.0 A95454

203


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

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 (Cont’d)

B209 A96061 T4 0.006 to 0.249 23 (1) 6) 9 30 16 1.00
A96061 T451 0.250 to 3.000 23 (1) (6) (9) 30 16 1.00
A96061 T4 welded 0.006 to 0.249 23 (™9 24 1.00
A96061 T451 welded 0.250 to 3.000 23 M ™Mo 24 1.00

B209 |A96061 T6 0.051 to 0.249 23 (1) (6) (9 42 35 1.00
A96061 T651 0.250 to 4.000 23 (1) (6) (9) 42 35 1.00
A96061 T651 4.001 to 6.000 23 (1) (6) (9) 40 35 1.00
A96061 T6 welded 0.051 to 0.249 23 (D) (7)) 24 1.00
A96061 T651 welded 0.250 to 6.000 23 M (™9 24, 1.00

Die and Hand Forgings

B247 |A93003 H112 Up thru 4.000 21 (1) (11) 14 5 1.00
A93003 H112 welded Up thru 4.000 21 (1) (7)) (1) 14 5 1.00

B247 | A95083 H111 Up thru 4.000 25 (1) (6)4(8) 39 20 1.00
A95083 H112 Up thru 4.000 25 (1) (Q)\(8) 39 16 1.00
A95083 H111, H112 welded Up thru 4.000 25 (B (8) 38 16 1.00

B247 |A96061 T6 Up thru 4.000 230 (1) (6) (11) 38 35 1.00
A96061 T6 Up thru 4.000 23 (1) (6) (12) 37 33 1.00
A96061 T6 4.001 to 8.000 23 (1) (6) (12) 35 32 1.00
A96061 T6 welded Up thru 8.000 23 (1) (™) 24 1.00

Rods, Bars, and Shapes

B221 |A91060 0 All 21 (1) (21) (22) 8.5 2.5 1.00
A91060 H112 All 21 (1) (3) (21) (22) 8.5 2.5 1.00

B221 |A91100 0 All 21 (1) (21) (22) 11 1.00
A91100 H112 All 21 (1) (3) (21) (22) 11 1.00

B221 |A93003 (0] All 21 (1) (21) (22) 14 5 1.00
A93003 H112 All 21 (1) (3) (21) (22) 14 5 1.00

B221 |A92024 T3 Up thru 0.249 (1) (2) (9) (21) (22) 57 42 1.00
A92024 T3 0.250-0.749 (1) (2) (9) (21) (22) 60 44 1.00
A92024, T3 0.750-1.499 (1) (2) (9) (21) (22) 65 46 1.00
A92024 T3 1.500 and over (1) (2) 9) (21) (22) 68 48 1.00

B221 A95083 0 Up thru 5.000 25 (1) (8) (21) (22) 39 16 1.00
A95083 H111 Up thru 5.000 25 (1) (3) (8) (21) (22) 40 24 1.00
A95083 H112 Up thru 5.000 25 (1) (3) (8) (21) (22) 39 16 1.00

B221 A95086 H112 Up thru 5.000 25 (1) (2) (8) (21) (22) 35 14 1.00

B221 A95154 0 All 22 (1) (8) (21) (22) 30 11 1.00
A95154 H112 All 22 (1) (3) (8) (21) (22) 30 11 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. ll;o.
Sheet and Plate (Cont'd)

8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B209
8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061
6.9 6.9 6.9 6.9 5.5 4.6 35 A96061
6.9 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 B209
12.0 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
6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061

Die and Hand Forgings

3.4 3.4 3.4 3.0 2.4 1.8 1.4 A93003 B247
3.4 3.4 3.4 3.0 2.4 1.8 1.4 A93003
11.1 111 A95083 B247
10.7 10.7 A95083
10.9 10.9 A95083
10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061 B247
10.6 10.6 10.6 10.5 2.7 6.3 4.5 A96061
10.0 10.0 10.0 9.9 7.4 6.1 4.5 A96061
6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061

Rods, Bars, gnd Shapes

1.7 1.7 1.6 1.5 1.3 1.1 0.8 A91060 B221
1.7 1.7 1.6 1.5 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
3.4 3.4 3.4 3.0 2.4 1.8 1.4 A93003 B221
3.4 3.4 3.4 3.0 2.4 1.8 1.4 A93003
16.3 16.3 16.3 12.6 9.5 6.0 4.2 A92024 B221
17.1 171 17.1 13.2 10.0 6.3 4.4 A92024
186 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
10.7 10.7 A95083 B221
11.4 11.4 A95083
10.7 10.7 A95083
9.3 9.3 A95086 B221
7.3 7.3 A95154 B221
7.3 7.3 A95154
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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 (Cont’d)

B221 A95454 0 Up thru 5.000 22 (1) (21) (22) 31 12 1.00
A95454 H111 Up thru 5.000 22 (1) (3) (21) (22) 33 19 1.00
A95454 H112 Up thru 5.000 22 (1) (3) (21) (22) 31 12 1.00

B221 |A95456 0 Up thru 5.000 25 (1) (8) (21) (22) 41 19 1.00
A95456 H111 Up thru 5.000 25 (1) (3) (8) (21) (22) 42 26 1.00
A95456 H112 Up thru 5.000 25 (1) (3) (8) (21) (22) 41 19 1.00

B221 |A96061 T4 All 23 (1) (2) (9) (21) (22) 26 16 1.00
A96061 T6 All 23 (1) (2) (9) (21) (22) 38 35 1.00
A96061 T4 welded All 23 (D) (7) (9) (21) (22) 24 1.00
A96061 T6 welded All 23 (1) (7) (9) (21) (22) 24 1.00

B221 |A96063 T1 Up thru 0.500 23 (1) (2) (21) f22) 17 9 1.00
A96063 T1 0.501-1.000 23 (1) (2) (24)(22) 16 8 1.00
A96063 T5 Up thru 0.500 23 (1) (2)'21) (22) 22 16 1.00
A96063 T5 0.501-1.000 23 (1).(2)(21) (22) 21 15 1.00
A96063 T6 Up thru 1.000 23 (1)V2) (21) (22) 30 25 1.00
A96063 T5, T6 welded Up thru 1.000 23N (7) (21) (22) 17 10 1.00

Castings

B26 |A24430 F 1) (2) 17 6 0.80
A03560 T6 1) (2) 30 20 0.80
A03560 T71 1) (2) 25 18 0.80
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(18) 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)

8.0 8.0 8.0 7.5 55 4.1 3.0 A95454 B221
9.4 9.4 9.4 7.5 5.5 4.1 3.0 A95454
8.0 8.0 8.0 7.5 55 4.1 3.0 A95454

11.7 11.7 A95456 B221
12.0 12.0 A95456
11.7 11.7 A95456

7.4 7.4 7.4 7.4 6.0 58 4.5 A96061 B221
10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061
6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061

4.9 49 4.9 4.2 4.2 34 2.0 A96063 B221
4.6 4.6 4.6 4.0 4.0 3.4 2.0 A96063
6.3 6.3 6.3 5.1 4.6 34 2.0 A96063
6.0 6.0 6.0 4.9 4.3 3.4 2.0 A96063
8.6 8.6 8.6 6.8 5.0 3.4 2.0 A96063
4.3 4.3 4.3 4.2 3.9 3.0 2.0 A96063

Castings

3.2 3.2 3.2 3.0 2.8 2.5 2.2 A24430 B26
6.9 6.9 6.9 5.0 A03560
5.8 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:

(@) The tabulated specifications are ANSI/ASTM or 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-Numberslisted 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) Thetabulated stressvaluesare S x E (weld joint efficiency factor) or § x F (material quality factor), as applicable. Weld joint efficiency factors
are sijown in Table 102.4.3-1.

(g) Pressure-temperature ratings of piping components, as published in standards referenced in this Code, may be used for comppnents
meetihg the requirements of those standards. The allowable stress values given in this Table are for use in designing piping componets that
are ngt manufactured in accordance with referenced standards.

(h) Alumihum and aluminum alloys shall not be used for flammable fluids within the boiler plant structure (see para:*122.7).

(i)  The y|coefficient equals 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 pupture strength govern the
selectjon of stresses.

(k) See para. 124.1.2 for lower temperature limits.

NOTES:

(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURE 100:1.2-1, FIGURE 100.1.2-2", HIGURE
100.1)2-3, FIGURE 100.1.2-4, FIGURE 100.1.2-5, FIGURE 100.1.2-6, AND FIGURE 100.1.2-7.

(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 isemployed. 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 matérial:

(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 thermal cutting 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) Refer|to ASME BPVC, Section VIII, Division 1, Part UNF, NF-13(b) régarding stress corrosion.

(9) Forstressrelieved tempers (T351,T3510,T3511, T451, T4510, T4511, T651, T6510, and T6511), stress values for the material in the basic
tempdr shall be used.

(10) Thesejallowable stress values apply to all thicknesses and sizes'of seamless pipe. They also apply to seamless extruded tube in thicknegses up
to and including 1.000 in.

(11) These|allowable stress values are for die forgings.

(12) These|allowable stress values are for hand forgings.

(13) Fortemperaturesup to 300°F, these allowable stress values are 83% of those for the corresponding core material. At temperatures of 350°F
and 4pPO°F, these allowable stress values ares90% of those for the corresponding core material.

(14) These|allowable stress values are for the\tempers listed in the welded condition and are identical to those for the O temper.

(15) These|allowable stress values are based.on 100% radiography of the longitudinal weld in accordance with ASTM B547, para. [11.

(16) These|allowable stress values are based on spot radiography of the longitudinal weld in accordance with ASTM B547, para. 1].

(17) These|allowable stress values are for the heat-treated tempers listed that are tempered after welding.

(18) The tension test specimen fromplate which is not less than 0.500 in. thick is machined from the core and does not include the cladding alloy.
Therefore, the allowable_stress values for thicknesses less than 0.500 in. shall be used.

(19) The tension test specimenfrom plate which is 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.

(20) The ajlowable stress values for seamless pipe in sizes NPS 1 and larger are as follows:

100°F 3.5 ksi
150°F 3.5 ksi
200°F 34 ksi

(21) Stressvaluesinrestricted shear, such asin dowel bolts or similar construction in which the shearing member is so restricted that the section
under consideration would fail without reduction of area, shall be 0.80 times the values in this Table.

(22) Stress values in bearing shall be 1.60 times the values in this Table.

(23) ASTM B210 does not include this alloy/grade of material.

(24) These allowable stress values apply to all thicknesses and sizes of seamless tubing. They also apply to NPS 1 and larger seamless pipe.

(25) These allowable stress values are for the tempers listed in the welded condition.
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Table A-8 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 (€8] 87 45

TP310H S$31009 25Cr-20Ni 8 2)4) 75 30

TP316H S$31609 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 $34809 18Cr-10Ni-Cb 8 75 30

A312 TP304H S30409 18Cr-8Ni 8 75 30

S30815 21Cr-11Ni-N 8 (9] 87 45

TP310H $31009 25Cr-20Ni 8 2y 75 30

TP316H S31609 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 S$30409 18Cr-8Ni 8 75 30

TP316H S31609 16Cr-12Ni-2Mo 8 75 30

TP321H $32109 18€r=10Ni-Ti 8 75 30

TP347H S34709 18€r-10Ni-Cb 8 75 30

B163 N08800 Annealed Ni-Cr-Fe 45 @8] 75 30

N08810 Anhealed Ni-Cr-Fe 45 (D 65 25

B167 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 95 35

B407 N088QO C.D./ann. Ni-Cr-Fe 45 75 30

NO8810 Annealed Ni-Cr-Fe 45 65 25

B622 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 1 100 45
Welded Pipeand Tube — Without Filler Metal

A249 I'P304H 530409 18Cr-6NI1 3 75 35

S30815 21Cr-11Ni-N 8 (€8] 87 45

TP310H S31009 25Cr-20Ni 8 M) @ 75 35

TP316H S31609 16Cr-12Ni-2Mo 8 . 75 35

A249 TP321H $32109 18Cr-10Ni-Ti 8 75 35

TP347H S34709 18Cr-10Ni-Cb 8 75 35

TP348H S34809 18Cr-10Ni-Cb 8 75 35
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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.
Seamless Pipe and Tube
1.00 6.1 4.7 3.7 2.9 2.3 18 14 TP304H A213
1.00 52 4.0 3.1 2.4 1.9 16 1.3
1.00 4.0 3.0 2.2 1.7 1.3 0.97 0.75 TP310H
.00 7.4 55 4.1 3.1 2.3 1.7 1.3 TP316H
.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 TP316L
.00 54 4.1 3.2 2.5 1.9 15 1.1 TP321H A213
.00 7.9 59 4.4 3.2 2.5 1.8 1.3 TP347H
.00 7.9 59 4.4 3.2 2.5 1.8 13 TP348H
.00 6.1 4.7 3.7 2.9 2.3 1.8 14 TP304H A312
.00 52 4.0 3.1 2.4 1.9 1.6 1.3
.00 4.0 3.0 2.2 1.7 1.3 0097 0.75 TP310H
.00 7.4 55 4.1 3.1 2.3 17 1.3 TP316H
.00 54 4.1 32 2.5 1.9 1.5 1.1 TP321H A312
.00 4.6 35 2.7 2.1 16 13 0.9 TP321H
.00 7.9 59 44 3.2 2.5 1.8 1.3 TP347H
.00 7.9 59 4.4 32 2.5 1.8 1.3 TP348H
.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H A376
.00 7.4 55 4.1 31 2.3 1.7 1.3 TP316H
.00 54 4.1 3.2 2.5 1.9 15 1.1 TP321H
.00 7.9 59 4.4 32 2.5 1.8 1.3 TP347H
.00 6.6 42 2.0 1.6 1.1 1.0 0.80 B163
.00 7.4 59 4.7 3.8 3.0 2.4 1.9
.00 15.3 145 11.2 87 6.6 5.1 3.9 B167
.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 B407
.00 7.4 59 4.7 3.8 3.0 2.4 1.9
.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 B622
Welded Pipe and Tube — Without] Filler Metal
.85 5.2 4.0 5.2 2.5 2.0 1.6 1.z P304H A249
0.85 44 3.4 2.6 2.0 1.6 14 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 35 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 16 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 (Cont’d)
A312 TP304H S30409 18Cr-8Ni 8 75 30
S30815 21Cr-11Ni-N 8 (1 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 1) 87 45
B619 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 1) 100 45
B626 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1 100 45
Welded Pipe and Tube — Filler Metal Added
A358 1&3 S30815 21Cr-11Ni-N 8 1) 87 45
2 S30815 21Cr-11Ni-N 8 1) 87 45
A409 S30815 21Cr-11Ni-N 8 1) 87 45
B546 N06617 Annealed 52Ni-22Cr-13Co<9Mo 43 95 35
Plate
A240 304 S30400 18Cr-8Ni 8 2) (3 75 30
S30815 21Cr-11Ni-N 8 (1) 87 45
310S S31008 25Cr-20Ni 8 2)3)“@ 75 30
316 S31600 16Cr-12Ni-2Mo 8 2) (3 75 30
316L S31603 16Cr-12Ni-2Mo 8 1) 70 25
A240 321 $32100 18Cr-10Ni-Ti 8 (2) (3) 75 30
347 S34700 18Cr-10Ni-Cb 8 2) (3) 75 30
348 S34800 18Cr-10Ni-Cb 8 M@ 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 (1 100 45
Bars, Rods, and Shapes
A479 S30815 21Cr-11Ni-N 8 1 87 45
TP316L S$31603 16Cr-12Ni-2Mo 8 (D (5) 70 25
B166 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 95 36
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(18) 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 1.2 TP304H A312
0.85 4.4 3.4 2.6 2.0 16 1.4 1.1
0.85 34 2.6 1.9 1.4 1.1 0.82 0.64 TP310H
.85 6.3 4.7 3.5 2.6 1.9 1.5 11 TP316H
.85 4.6 3.5 2.7 2.1 1.6 1.3 1.0 TP321H A312
.85 6.7 5.0 3.7 2.7 2.1 1.6 1.1 TP347H
.85 4.4 34 2.6 2.0 1.6 14 14 A409
.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1 B619
.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1 B626
Welded Pipe and Tube — Filler Metal Added
.00 52 4.0 3.1 2.4 1.9 1.6 1.3 1&3 A358
90 4.7 3.6 2.8 2.2 1.7 14 1.2 2
.80 4.2 3.2 2.5 1.9 1.5 1.3 1.0 A409
.85 13.0 12.3 9.5 7.4 56 4.3 33 B546
Plate
.00 6.1 4.7 3.7 2.9 2.3 1.8 14 304 A240
.00 52 4.0 3.1 24 1.9 1.6 1.3 .
.00 2.5 1.5 0.80 0.50 0.40 0.30 0.20 310S
.00 7.4 55 4.1 3.1 2.3 1.7 1.3 316
.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 316L
.00 3.6 26 17 1.1 0.80 0.50 0.30 321 A240
.00 4.4 3.8 2.2 1.5 1.2 0.90 0.80 347
.00 4.4 3.3 2.2 1.5 1.2 0.90 0.80 348
.00 15.3 14.5 11.2 8.7 6.6 5.1 3.9 B168
.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 B409
.00 7.4 5.9 4.7 3.8 3.0 24 1.9
Plate, Sheet, and Strip
1.00 13.6 10.9 8.8 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 1.3 1.0 TP316L
1.00 15.3 14.5 11.2 8.7 6.6 5.1 3.9 B166
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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 (Cont’d)
B408 N08800 Annealed Ni-Cr-Fe 45 75 30
N08810 Annealed Ni-Cr-Fe 45 65 25
B572 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) 100 45
Forgings
A182 F304H $30409 18Cr-8Ni 8 75 30
S30815 21Cr-11Ni-N 8 (€8] 87 45
F310H S31009 25Cr-20Ni 8 M@ “W 75 30
F316H S31609 16Cr-12Ni-2Mo 8 75 30
F316L $31603 16Cr-12Ni-2Mo 8 (1) 70 25
A182 F321H $32109 18Cr-10Ni-Ti 8 75 30
F347H S34709 18Cr-10Ni-Cb 8 75 30
F348H S34809 18Cr-10Ni-Cb 8 75 30
B564 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 95 35
N08800 Annealed Ni-Cr-Fe 45 75 30
N08810 Annealed Ni-Cr-Fe 45 65 25

Fittingy (Seamless and Welded)

A403 WP304H S30409 18Cr-8Ni 8 1) 75 30
WP316H S$31609 16Cr-12Ni-2Mo 8 (1 75 30

WP316L S31603 16Cr-12Ni-2Mo 8 M 70 25

WP321H $32109 18Cr-10Ni-Ti 8 M 75 30

WP347H S34709 18Cr-10Ni-Cb 8 @8] 75 30

WP348H S34809 18Cr-10Ni-Cb 8 1) 75 30

B366 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (6) 100 45
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 @ 100 45
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(18) 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 6.6 4.2 2.0 1.6 1.1 1.0 0.80 B408
1.00 74 5.9 4.7 3.8 3.0 2.4 1.9
.00 136 109 838 7.0 56 45 3.6 B572
Forgings
.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 E304H A182
.00 52 4.0 3.1 2.4 1.9 1.6 13
.00 4.0 3.0 2.2 17 13 0.97 075 F310H
.00 7.4 55 4.1 3.1 2.3 17 1.3 F316H
.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 F316L
.00 54 4.1 3.2 2.5 1.9 1.5 1.1 F321H A182
.00 7.9 59 4.4 32 2.5 1:8 13 F347H
.00 7.9 59 44 32 2.5 18 13 F348H
.00 15.3 14.5 11.2 8.7 6,6 5.1 3.9 B564
.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80
.00 7.4 59 4.7 3.8 3.0 2.4 1.9
Fittings (Seamless 3gnd Welded)
.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 WP304H A403
.00 7.4 55 4.1 3.1 2.3 1.7 1.3 WP316H
.00 6.4 4.7 3.5 2.5 18 1.3 1.0 WP316L
.00 54 4.1 3.2 2.5 1.9 1.5 11 WP321H
.00 7.9 59 44 32 2.5 1.8 13 WP347H
.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 WP348H
.00 13.6 109 88 7.0 56 4.5 3.6 B366
.85 11.6 93 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) The tabulated specifications are ANSI/ASTM or 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 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) Thetabulated stress values are S x E (weld joint efficiency factor) or § x F (material quality factor), as applicable. Weld joint efficiency factors

are sh

(g) Pressure-temperature ratings of piping components, as published in standards referenced in this Code, may be used for components i

n i Iable 1UZ.4.5-1.

the reqiiirements of those standards. The allowable stress values given in this Table are for use in designing piping componentswhich
manufafctured in accordance with referenced standards.

(h) All the
(i) The taby
selectio

NOTES:
(1) THISM
3, FIGU]
(2) These g
(3) Thesead
quench
(4) These g
(5) These 3
(6) Seamle
(7) Welded
(8) These 3
(9) These 3

Imaterials listed are classified as austenitic (see Table 104.1.2-1).
ulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength gov
n of stresses.

N\TERIALISNOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURE 100.1.2-1, EIGURE 100.1.2-2, FIGURE 1
RE 100.1.2-4, FIGURE 100.1.2-5, FIGURE 100.1.2-6, AND FIGURE 100.1.2-7.

llowable stress values shall be used only if the carbon content of the material is 0.04% ot higher.

lowable stress values tabulated shall be used only if the material is heat treated by heating te. a minimum temperature of 1,90
ng in water or rapidly cooling by other means.

llowable stress values shall be used only when the grain size of the material is"ASTM No. 6 or coarser.

llowable stress values shall be used only when Supplementary Requirement(S1 ‘per ASTM A479 has been specified.

s.

— all filler metal, including consumable insert material, shall comply with the requirements of ASME BPVC, Section IX.
llowable stress values apply to seamless pipe <% in. wall thickness.

llowable stress values apply to seamless pipe >% in. wall thickness:

eeting
hre not

brn the

D0.1.2-

°F and
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Table A-9 Titanium and Titanium Alloys

Specified Specified

Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
No. Grade Condition Composition No. Notes ksi ksi F
Seamless Pipe and Tube
B338 1 Annealed Ti 51 €8] 35 25 1.00
2 Annealed Ti 51 1) 50 40 1.00
3 Annealed Ti 52 €8] 65 55 1.00
7 Annealed Ti-Pd 51 (1) 50 40 1.0p
12 Annealed Ti-Mo-Ni 52 (D 70 50 1:0p
B861 1 Annealed Ti 51 M 35 25 1.0p
2 Annealed Ti 51 1) 50 40 1.0p
3 Annealed Ti 52 (D 65 55 1.0p
7 Annealed Ti-Pd 51 (1) 50 40 1.0p
12 Annealed Ti-Mo-Ni 52 (€8] 70 50 1.0p
Welded Pipe and Tube
B338 1 Annealed Ti 51 M (2 85 25 0.8p
2 Annealed Ti 51 (D) (2) 50 40 0.8p
3 Annealed Ti 52 (1) (2) 65 55 0.8p
7 Annealed Ti-Pd 51 (1) (2) 50 40 0.8p
12 Annealed Ti-Mo-Ni 52 (B2) 70 50 0.8p
B862 1 Annealed Ti 51 M) (2 35 25 0.8p
2 Annealed Ti 54 (D (2) 50 40 0.8p
3 Annealed Ti 52 (D (2) 65 55 0.8p
7 Annealed Ti-Pd 51 M@ 50 40 0.8p
12 Annealed Ti-Mo-Ni 52 1) (2 70 50 0.8p
Plate, Shieet, and Strip
B265 1 Annealed Ti 51 (€8] 35 25 1.0p
2 Annealed Ti 51 (€8] 50 40 1.0p
3 Annealed Ti 52 (D 65 55 1.0p
7 Annealed Ti-Pd 51 M 50 40 1.0p
12 Annealed Ti-Mo-Ni 52 (1 70 50 1.0p
Forgings|
B381 F1 Annealed Ti 51 1) 35 25 1.0p
F2 Annealed Ti 51 (€8] 50 40 1.0p
F3 Annealed Ti 52 €8] 65 55 1.0p
F7 Annealed Ti-Pd 51 €8] 50 40 1.0p
F12 Annealed Ti-Mo-Ni 52 (1) 70 50 1.0p
Bars and Billets
B348 1 Annealed Ti 51 (€8] 35 25 1.00
2 Annealed Ti 51 (D 50 40 1.00
3 Annealed Ti 52 (@8] 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
Castings
B367 C-2 As-cast Ti 50 13 50 40 0.80
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Table A-9 Titanium and Titanium 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 Grade Slgf).c
Seamless Pipe and Tube
10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 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
18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 3
1¢.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 7
2p.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 1 B861
4.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 2
1B8.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 3
1¢.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 740 6.5 7
2p.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12

Welded Pipge and Tube

B.5 7.9 7.0 6.3 5.6 5.1 4.7 4.3 4.0 3.6 3.0 1 B338
1p.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 2
15.8 14.9 13.4 121 10.8 9.7 8.8 7.9 7.2 6.7 6.3 3
1p.1 11.6 10.6 9.6 8.8 8.1 7.5 7:0 6.5 6.0 5.5 7
1[7.0 17.0 159 14.8 13.8 12.9 12.1 1.5 111 10.8 10.5 12
B.5 7.9 7.0 6.3 5.6 5.1 4.7 4.3 4.0 3.6 3.0 1 B862
1p.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 2
15.8 14.9 13.4 121 10.8 9.7 8.8 7.9 7.2 6.7 6.3 3
1p.1 11.6 10.6 9.6 8.8 81 7.5 7.0 6.5 6.0 5.5 7
177.0 17.0 15.9 14.8 13.8 12.9 12.1 11.5 111 10.8 10.5 12

Plate, She¢t, and Strip

10.0 9.3 8.3 7.4 6:6 6.0 5.5 5.1 4.7 4.2 3.6 1 B265
1.3 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
1¢.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 13.6 131 12.7 12.3 12
Forgings
10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 F1 B381
1.3 137 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 F2
18.6 195 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 F3
4.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 F7
2.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 131 12.7 12.3 F12

Bars and Billets

10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 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
114 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:
The tabulated specifications are ANSI/ASTM or 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 the 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.
The tabulated stress values are S x E (weld joint efficiency factor) or § x F (material quality factor), as applicable. Weld joint efficiency factors

(@
(b)
(9
(d) Tensil
(e)
®
are s
(g) Press
meeti
which|
(h) They
(i) Thetq
select
() Seep
NOTES:
(1) THISM
3, FIGU]
(2) Filler n
(3) Weldin,

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
g the requirements of those standards. The allowable stress values given in this Table are for use in designing piping.comp)
are not manufactured in accordance with referenced standards.

coefficient equals 0.4 [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.

ATERIALISNOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURE 100.1.2-1,FIGURE 100.1.2-2, FIGURE 1
RE 100.1.2-4, FIGURE 100.1.2-5, FIGURE 100.1.2-6, AND FIGURE 100.1.2-7.

etal shall not be used in the manufacture of welded pipe or tubing.

b of this material is not permitted.

bnents
bnents

brn the

D0.1.2-
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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 B C Carbon steel 23 @ 60
A449 C Carbon steel (2) (5) (6) 120
C Carbon steel 2) (5) (7) 105
C Carbon steel (2) (5) (8) 90
Low and Intermediate Alloy Steel
A193 B5 5Cr-“%Mo Alloy steel (5) (9) (10) 100 8(
B7 1Cr-Y%Mo Alloy steel (11) 125 107
B7 1Cr-%Mo Alloy steel (12) 115 99
B7 1Cr-“%Mo Alloy steel (13) 100 79
B7M 1Cr-%Mo Alloy steel 2) (19 100 8(
A193 B16 1Cr-%Mo-V Alloy steel (11) 125 10§
B16 1Cr-"%Mo-V Alloy steel (12) 110 95
B16 1Cr-%Mo-V Alloy steel (13) 100 89
A194 5Cr-"%Mo-V Alloy{steel €))
4 C-Mo Alloy steel (1) (14)
7 Cr-Mo Alloy steel (8]
A320 L7 1Cr-“%Mo Alloy steel (2) (5) (15) 125 10§
L7M 1Cr-“%Mo Alloy steel (2) (11) 100 8(
L43 1%,Ni-¥,Cr-%,Mo Alloy steel (2) (5) (15) 125 103
A354 BC Alloy steel (5) (9 (11) 125 109
BC Alloy steel (5) (9) (12) 115 99
BD Alloy steel (5 9) (11) 150 13(
BD Alloy steel (5) (9) (12) 140 12(
Stainlgss Steels: Austenitic
A193 B8 1 18Cr-8Ni $30400 (5) (16) (17) 75 34
B8C 1 18Cr-10Ni-Cb S34700 (5) (16) (17) 75 3(
B8M 1 16Cr-12Ni-2Mo S31600 (5) (16) (17) 75 3(
BT 1 18Cr-10Ni-Ti $32100 (5) (16) (17) 75 3(
A193 B8 2 18Cr-8Ni $30400 (5) (18) (19) 125 104
B8 2 18Cr-8Ni $30400 (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

222


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

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.

Carbon Steel
1,2,2H A194

70 7.0 7.0 .. 7.0 .. .. B A307

N

B.0 23.0 23.0 .. 230 .. 230 230 .. A449
D.2 20.2 20.2 .. 202 .. 202 20.2
.5 145 145 .. 145 .. 145 145

=N

Low @nd Intermediate Alloy Steel
.0 20.0 20.0 .. 200 .. 20.0 20.0 20.0 20.0 20.0 185 145 104 76 56 42 ,3%) 20 13 B5 A193
6.0 25.0 25.0 .. 250 .. 250 250 25.0 25.0 23.6 21.0 163 125 85 45 .. B7
B.0 23.0 23.0 .. 230 .. 230 230 23.0 23.0 22.2 200 163 125 85 45 B7
B8 188 188 .. 188 .. 18.8 18.8 188 188 188 180 163 125 85 45 \I= .. B7
D.0 20.0 20.0 .. 200 .. 20.0 20.0 20.0 20.0 20.0 185 16.5 125 85 45\ .. .. B7M

N = NN

2p.0 25.0 250 .. 25.0 .. 25.0 25.0 25.0 25.0 25.0 25.0 23.5 20.5 16.0) 11.0 63 28 .. .. Bl A193
2p.0 22.0 22.0 .. 22.0 .. 220 22.0 22.0 22.0 22.0 22.0 21.0 185153 11.0 63 28 .. .. Bl
2p.0 20.0 20.0 .. 20.0 .. 20.0 20.0 20.0 20.0 20.0 20.0 18.8¢ 16y 143 11.0 63 2.8 .. .. Bl

A194

2p.0 25.0 25.0 .. 25.0 .. 25.0 25.0 25.0 25.0~C7. . L7 A320
2p.0 20.0 20.0 .. 20.0 .. 20.0 20.0 20.0¢20.0 20.0 185 163 125 85 45 .. .. L7M
2p.0 25.0 25.0 .. 25.0 .. 25.0 25.0 25.0~25.0 .. .. L43

.0 25.0 25.0 .. 25.0 .. 250450 250 .. .. BC A354
B.0 23.0 23.0 .. 23.0 .. 23.0.23.0 23.0 .. .. BC
D.0 30.0 30.0 .. 30.0 ..~ 360 30.0 30.0 .. .. BD
B.0 28.0 28.0 .. 28.0/ 28,0 28.0 28.0 .. .. BD

N W NN

Stainless Steells: Austenitic
B8 16.7 15.0 .&/~138 .. 129 121 120 11.8 11.5 11.2 11.0 10.8 10.6 104 10.1 9.8 7.7 6.1 B8 A193
B8 179 16.4\./ 155 .. 150 143 14.1 13.8 13.7 13.6 13.5 13.5 134 134 121 91 61 44 B8
17.7 456 .. 143 .. 133 12,6 123 121 119 11.7 11.6 115 114 113 112 11.0 98 74 B8M
B8 178)\16.5 .. 153 .. 143 13,5 13.3 129 12.7 125 124 123 121 120 96 69 50 3.6 B8T

e e
e
[ee]

25.0 .. .. B8C A193
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(18) 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 (Cont’'d)

A193 BSM 2 16Cr-12Ni-2Mo $31600 (5) (18) (19) 110 80
BSM 2 16Cr-12Ni-2Mo $31600 (5) (18) (20) 100 80
BSM 2 16Cr-12Ni-2Mo $31600 (5) (18) (21) 95 75
BoM Z T6Cr-12Ni-2Mo 31600 BY(18) (22) 30 %

A193 BST 2 18Cr-10Ni-Ti $32100 (5) (18) (19) 125 10(
BST 2 18Cr-10Ni-Ti $32100 (5) (18) (20) 115 8(
BST 2 18Cr-10Ni-Ti $32100 (5) (18) (21) 105 69
BST 2 18Cr-10Ni-Ti $32100 (5) (18) (22) 100 5(

A194 8 18Cr-8Ni $30400 (1)
8C 18Cr-10Ni-Cb $34700 (1)

A194 8M 16Cr-12Ni-Mo $31600 (1)
8T 18Cr-10Ni-Ti $32100 @)
8F 18Cr-8Ni-Fm 4]

A320 BS 1 18Cr-8Ni $30400 (5) (18) 75 3(
B8 1 18Cr-8Ni $30400 (5) (23) 75 3(
B8 2 18Cr-8Ni $30200 (5) (18) (22) 100 5(
B8 2 18Cr-8Ni 530400 (5) (18) (21) 105 65
BS 2 18Cr-8Ni $30400 (5) (18) (20) 115 8(
B8 2 18Cr-8Ni $30400 (5) (18) (19) 125 100

A320 BSC 1 18Cr-10Ni-Ch $34700 (5) 75 3(
BSC 1 18Cr-10Ni*Gh $34700 (5) (23) 75 3(
B8C 2 18Cr-10Ni-Cb $34700 (5) (18) (22) 100 5(
B8C 2 18Cr-10Ni-Cb $34700 (5) (18) (21) 105 65
BSC 2 18Cr-10Ni-Cb $34700 (5) (18) (20) 115 8(
BSC 2 18Cr-10Ni-Cb $34700 (5) (18) (19) 125 100

A320 BSM 1 16Cr-12Ni-2Mo $31600 (5) 75 3(
BSM 1 16Cr-12Ni-2Mo $31600 (5) (23) 75 3(
B8M 2 16Cr-12Ni-2Mo $31600 (5) (18) (22) 90 5(
B8M 2 16Cr-12Ni-2Mo $31600 (5) (18) (21) 95 65
BOM 2 16Cr-12Ni-2Mo $31600 (5) (18) (20) 100 8(
BsM 2 16Cr-12Ni-2Mo $31600 (5) (18) (19) 110 94

A320 BST 1 18Cr-10Ni-Ti $32100 (5) 75 30
BST 1 18Cr-10Ni-Ti $32100 (5) (23) 75 30
BST 2 18Cr-10Ni-Ti $32100 (5) (18) (22) 100 50
BST 2 18Cr-10Ni-Ti $32100 (5) (18) (21) 105 65
BST 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  $66286 (5) 130 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)
22.0 22.0 220 .. 22.0 .. 220 22.0 22.0 22.0 220 .. B8M A193
20.0 20.0 20.0 .. 20.0 .. 20.0 20.0 20.0 20.0 20.0 .. B8M
188 17.7 163 .. 163 .. 163 163 163 163 163 .. .. .. .. .. B8sM
188 17.7 156 .. 143 .. 133 125 125 125 125 .. ... .. . .. B8M

== NN

8 A194
8C

8M A194
8T
8F

B.8 16.7 15.0 .. 138 .. .. B8

NN Rl R

B.8 184 17.1 .. 16.0 .. .. B8C

NN R R

B.8 17.7 15.6 .{ /<143 .. .. B8M

NN R R

18.8 .. .. B8T A320
188 178 16.5 .. 153 .. .. B8T

213 213 21.3 213 21.3 213 213 21.3 213 213 213 213 21.3 213 213 213 .. .. 660 A453
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(18) 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 (Cont’'d)
A479 TP309H 23Cr-12Ni $30909 (24) 75 30
TP309H 23Cr-12Ni S30909 75 30
TP310H 25Cr-20Ni $31009 (24) 75 30
TP310H 25Cr-20Ni S31009 75 3
Stainlgss Steels: Martensitic
A193 B6 (410) 13Cr S41000 (5) (10) 110 8]
A194 6 13Cr $41000 (€))]
Stainlgss 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) 626) (27) (28) 80 4(
61400 (2) (26) (28) (29) 75 3
61400 (2) (26) (28) (30) 70 32
61400 (2) (26) (28) (31) 70 3(

226


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

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)
20.0 20.0 20.0 20.0 19.4 18.8 18,5 18.2 18.0 17.7 17.5 17.2 169 138 103 7.6 55 4.0 TP309H A479
20.0 17.5 16.1 15.1 144 139 13.7 13.5 13.3 13.1 129 12.7 125 123 103 76 55 4.0 TP309H
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 TP310H
2p.0 20.0 20.0 19.9 19.3 185 182 179 17.7 174 172 169 16.7 138 103 76 55 4.0 TP310H
Stainless'Steels] Martensitic
2[.3 19.5 189 18.5 183 179 17.6 17.2 16.7 16.1 153 12.3 B6 A193
6 A194
Stainless Steels: Precipitatign Hardened
28.0 63 A564
Copper and Copper Alloys
1y.5 17.5 17.5 17.5 17.2 16.6 16.1 B150
1y.5 17.5 17.5 17.5 17.2 16.6 16.1
1.5 175 175 175 17.2 16.6 16.1
1.5 175 175 175 17.2 16.6 16.1
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Table A-10 Bolts, Nuts, and Studs (Cont’d)

GENERAL NOTE: See para. 124.1.2 for lower temperature limits.

NOTES:
This is a product specification. Allowable stresses are not necessary. Limitations on metal temperature for materials covered by this
specification for use under ASME B31.1 are as follows:
(a) Grades 1 and 2, -20°F to 600°F

(b) Grade 2H, -20°F to 800°F

(c) Grades 3 and 7, -20°F to 1,100°F

(d) Grade 4, -20°F to 900°F

(e) Grades 6 and 8F, —20°F to 800°F

(f) Grade:

&

(2)

(3)
(4

()

(6)
(7
(8)
9

(10)
(1
(12)
(13)
(14)

(15)
(16)
(17)

(18)

(19)
(20)
(21
(22)
(23)
(24)

(25)
(26)
(27
(28)
(29)
(30)
(31)
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FIGUR
This 11
The al
SP-58
These
joints,
deterif
These
These
These
Betwg
tensil
These
These
These
These
Upon
graph
Minin]
The al
The a
tempe
The h4
in. acr]
menty
These
These
These
These
These
Due t
short-
excee
permg
can cg
These
Weldi
These
Temp

8, 8C, 8M, and 8T, -20°F to 1,200°F

MATERIAL IS NOT ACCEPTABLE FOR CONSTRUCTION OF PRESSURE-RETAINING PARTS OF BOILER EXTERNAL PIRING
E 100.1.2-1, FIGURE 100.1.2-2, FIGURE 100.1.2-3, FIGURE 100.1.2-4, FIGURE 100.1.2-5, FIGURE 100.1.2-6, AND FIGURE 10
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 pipe supporting elements designed in accerdance w:

allowable stress values are established from a consideration of strength only and will be satisfactory foraverage service. For

where freedom from leakage over a long period of time without retightening is required, lower stress values may be neces

hined from the relative flexibility of the flange, bolt, and corresponding relaxation properties.

allowable stress values apply to bolting materials less than or equal to 1 in. in diameter.

allowable stress values apply to bolting materials greater than or equal to 1 in. in diameter andiessthan or equal to 1% in. in dia

allowable stress values apply to bolting materials greater than or equal to 1% in. in diametefxand less than or equal to 3 in. in did

en temperatures of -20°F and 400°F, allowable stress values equal to the lower of the following may be used: 20% of the sp
strength 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.

prolonged exposures to temperatures above 800°F (427°C), the carbide’phase of carbon-molybdenum steel may be conve|

te.

um tempering temperature shall be 800°F.

lowable stress values tabulated for temperatures over 1,000¢E-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 rapidly*coeling by other means.

rdness of this material, under the thread roots, shallnetexceed Rockwell C35. The hardness shall be measured on a flat area, at

oss, prepared by removing thread. No more matetial than necessary shall be removed to prepare the flat area. Hardness m¢

shall be made at the same frequency as the tensile test.

allowable stress 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 baltihg materials larger than 1 in. but not larger than 1%, in. in diameter.

allowable stress values apply to\bdlting materials larger than 1%, in. but not larger than 1% in. in diameter.

allowable stress values appl§y to bolting material that has been carbide solution treated.

relatively low yield strength)of these materials, these higher allowable stress values were established at temperatures wh

time tensile properties govern to permit the use of these alloys where slightly greater deformation is acceptable. These stress|
67% but do not exceed\90% of the yield strength at temperature. Use of these stress values may result in dimensional changeg

nentstrain. These'values should not be used for the flanges of gasketed joints or other applications where slight amounts of dis

use leakage orimalfunction.

allowable stress values apply to bolting materials 8 in. in diameter and smaller.

hg or brazing of this material is not permitted.

allowable ‘stress values apply to bolting materials % in. in diameter and smaller.

bred to’HR50.

— SEE
1.2-7.

ith MSS

bolted
bary as

meter.
meter.
ecified
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higher.
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bre the
values
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These

allowable stress values apply to bolting materials greater than % in. but not larger than 1 in. in diameter

These
These

allowable stress values apply to bolting materials greater than 1 in. but not larger than 2 in. in diameter.
allowable stress values apply to bolting materials greater than 2 in. but not larger than 3 in. in diameter.
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Table B-1 Thermal Expansion Data

A = Mean Coefficient of Thermal Expansion, 10_6 in./in./°F }

in Going From 70°F to Indicated Temperature Note [(1)]

R Fs o 1 . P £
D—— LIredar IIernral EXPansIonn; .7 TOU Tt

Temperature Range 70°F to

Material Coefficient, -325 -150 -50 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 1,400
Group 1 carbon and low alloy A 5.5 59 6.2 6.4 6.7 6.9 7.1 7.3 7.4 7.6 7.8 7.9 8.1 8.2 8.3 8.4 8.4
steels [Note (2)] B 226, -16 -09 0 1.0 1.9 2.8 3.7 4.7 5.7 6.8 7.9 90 {01 113 124 147
Group 2 low alloy steels [Note (3)] A 6.0 6:5 6.7 7.0 73 7.4 7.6 7.7 7.8 7.9 8.0 8.1 8.2 83 8.4 8.4 8.5
B 29 X7y -10 11 2.0 3.0 4.0 5.0 6.0 7.0 8.1 92 103 114 125 135
5Cr-1Mo steels A 5.6 6.0 62 6.4 6.7 6.9 7.0 7.1 7.2 7.2 7.3 7.4 7.5 7.6 7.6 7.7 7.8
B 27  -16 -0d 1.0 1.9 2.8 3.7 4.6 5.5 6.4 7.4 8.4 93 103 114 124
9Cr-1Mo steels A 5.0 5.4 5.6 5.8 6.0 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7.0 71 7.2 7.2
B 24 -14 -08 0.9 1.7 2.5 33 41 5.0 59 6.8 7.7 8.7 97 106 116
Straight chromium stainless steels A 5.1 5.5 5.7 5.9 6.2 6.3 6.4 6.5 6.5 6.6 6.7 6.7 6.8 6.8 6.9 6.9 7.0
12Cr to 13Cr steels B -24 -15 -08 1.0 1.7 2.5 33 4.2 5.0 5.8 6.7 7.6 8.5 94 102 111
15Cr to 17Cr steels A 45 49 5.1 5.3 55 5.7 58 59 6.0 6.1 6.2 6.2 6.3 6.4 6.4 6.5 6.5
B 21 -13  -07 0 0.9 16 23 3.0 38 46 5.4 6.2 7.0 7.9 8.7 95 104
27Cr steels A 43 4.7 49 5.0 5.2 5.2 53 54 54 55 56 5.7 5.7 5.8 59 59 6.0
B 20 -12 -07 0 0.8 14 2.1 78 35 42 49 5.6 6.4 7.2 8.0 8.7 9.6
Austenitic stainless steels (304, A 7.5 8.0 8.2 8.5 8.9 9.2 95 9.7 99 100 101 102 103 Jl0.4 106 107 108
305, 316, 317, 321, 347, 348, B -36 -21 -12 14 2.5 3.8 5.0 6.3 75 88 102 115 J129 143 158 172
19-9DL, XM-15, etc.)
Other austenitic stainless steels A 7.1 7.6 7.8 8.2 8.5 8.7 8.9 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 10.1
(309, 310, 315, XM-19, etc.) B -34  -20 -11 13 24 35 47 58 7.0 8.2 95 107 [20 133 147 161
Gray cast iron A 5.8 59 6.1 6.3 6.5 6.7 6.8 7.0 7.2
B 0 0.9 1.6 2.4 3.2 41 5.0 6.0 7.0 8.0
Ductile cast iron 4.9 5.3 5.7 6.0 6.3 6.6 6.8 7.0 7.1 7.3 7.4 7.5
=13 =08 0 09 17 2.6 35 45 o4 64 73 34
Monel (67Ni-30Cu) N04400 5.8 6.8 7.2 7.7 8.1 8.3 8.5 8.7 8.8 8.9 8.9 9.0 9.1 9.1 9.2 9.2 9.3

810Z-T'1€d ANSV


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

T€¢

Table B-1 Thermal Expansion Data (Cont’d)

=
N,

=/ Linear Thermal Expansion, in./100 ft

= Mean Coefficient of Thermal Expansion, 1079 in./in./°F

} in Going From 70°F to Indicated Temperature Note [(1)]

Temperature Range 70°F to

Material Coefficient =325\ -150 -50 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 1,400
B -2.7 =18 -1.0 0 1.3 2.3 3.4 45 5.6 6.7 7.8 9.0 10.1 11.3 12.4 13.6 14.8
Nickel alloys N02200 and N02201 A 5.3 6/0 6.3 6.6 7.2 7.5 7.7 7.9 8.0 8.2 8.3 8.4 8.5 8.6 8.7 8.8 8.9
B -2.7 -1.7 -1.0 1.1 2.1 3.1 4.1 5.1 6.2 7.3 8.4 9.5 110.7 11.8 13.0 14.2
Nickel alloy N06022 A 6.9 6.9 6.9 6.9 7.0 7.0 7.2 7.3 7.5 7.7 7.9 8.1 8.3 8.5
B 1.1 1.9 2.7 3.6 4.5 5.4 6.4 7.5 8.6 9.8 11.0 12.2 13.6
Nickel alloy N06600 A 5.5 6.1 6.4 6.8 7.1 7.3 7.5 7.6 7.8 7.9 8.0 8.2 8.3 8.4 8.6 8.7 8.9
B -2.6 -1.6 -09 1r 2.0 3.0 3.9 5.0 6.0 7.0 8.1 9.3 10.4 11.6 12.9 14.2
Nickel alloy N06625 A 6.7 7.1 72 7.3 7.4 7.4 7.5 7.6 7.7 7.9 8.0 8.2 8.4 8.5
B 1.1 2.0 2.9 3.8 4.7 5.6 6.6 7.7 8.8 9.9 11.1 12.3 13.6
Nickel alloys N08800 and N08810 A 5.9 6.9 7.4 7.9 8.4 8.6 8.8 8.9 9.0 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8
B -2.8 -1.7 -1.1 1.3 2.4 3.5 4.6 5.7 6.9 8.1 9.3 10.5 11.8 13.0 14.4 15.7
Nickel alloy N08825 A 7.2 7.5 7.7 7.9 8.0 8.1 8.2 83 8.4 8.5 8.6
B -1.0 1.2 2.2 3.2 4.2 52 6.3 7.4 8.5 9.6
Nickel alloy N10276 A 6.0 6.3 6.5 6.7 6.9 7.1 7.2 7.4 7.5 7.6 7.7 7.8 7.9 8.0
B 1.0 1.8 2.7 3.6 4.5 5.5 6.4 7.5 8.5 9.5 10.6 11.7 12.8
Copper alloys C1XXXX series A 7.7 8.7 9.0 9.3 9.6 9.7 9.8 9.9 10.0
B -3.7 -2.3 -1.3 1.5 2.7 3.9 5.1 6.4
Bronze alloys A 8.4 8.8 9.2 9.6 10.0 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.9 11.0
B -4.0 -2.3 -1.3 1.6 2.8 4.0 5.3 6.6 8.0 9.3 10.7 12.1 13.5 149
Brass alloys A 8.2 8.5 9.0 9.3 9.8 10.0 10.2 10.5 10.7 10.9 11.2 11.4 11.6 11.9 12.1
B -39 -2.2 -1.3 1.5 2.8 4.1 5.4 6.8 8.2 9.8 11.4 13.0 14.7 16.4
Copper-nickel (70Cu-30Ni) A 6.7 7.4 7.8 8.1 8.5 8.7 8.9 9.1 9.2 9.2
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Table B-1 Thermal Expansion Data (Cont’d)

A _— L"icall Cucfﬁbicut UrT}lclllld: E‘\Pall iuu, 16_6 ill' ill- IOF \ in Going From 70°F to Indicated Temperature Note [(1)]
B = Linear Thermal Expansion, in./100 ft

Temperature Range 70°F to

Material Coefficient/-325 -150 -50 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 1,400
B 39 -20 -11 0 13 24 3.5 4.7 5.8 7.0
Aluminum alloys A 997 LA09 116 121 130 133  13.6 139 142
B —47 S0~ -17 0 2.0 37 5.4 7.2 9.0
Titanium alloys (Grades 1, 2, 3, 7, A 45 4.6 4.7 4.8 4.8 49 49 5.0 5.1
and 12) B -04 0 0.7 13 1.9 2.5 3.1 3.8 45

NOTES:
(1) These data are for informatiop and it is not to be implied that materials are suitable for all the temperature ranges shown.
(2) Group 1 alloys (by nominal cpmposition):

Carbon steels (C, C-Si, C-Mn, and C-Mn&£Si) 3Cr-1Mo

C-*4Mo YoNi-4Mo-V

Y% Cr-YsMo-V YoNi-Y,Cr-%,Mo-V
Y Cr-Y,Mo-Si %, Ni-%,Mo-Cr-V
YCr-Y4Mo ¥.Ni-Y%4Mo-"4Cr-v
Y Cr-"%,Ni-%,Mo %, Ni2%Cu-Mo
%,Cr-"%Ni-Cu %, Ni-%, 0=, Mo-V
%,Cr-3/,Ni-Cu-Al 3, Ni-1MoZ¥,Cr
1Cr-%Mo 1Ni-%Cr-"%Mo
1Cr-%Mo-Si 1Y,Ni-1Cr-",Mo
1Cr-%Mo 1%,Ni-%,Cr-",Mo
1Cr-%Mo-V 2Ni-%,Cr-"4Mo
1Y,Cr-Y%Mo 2Ni-%,Cr-"4Mo
1Y,Cr-%Mo-Si 2Y%Ni
1%,Cr-"%Mo-Cu 3%Ni

2Cr-"%Mo 3%Ni-1%,Cr-%Mo-V
2%,Cr-1Mo

(3) Group 2 alloys (by nominal cgmposition):
Mn-V Mn-"%,Mo-",Ni
Mn-%Mao Mn-"%Mo- 14 Nj

Mn-%Mo Mn-Y%Mo-%,Ni

810Z-T'1€d ANSV
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Table B-1 (SI) Thermal Expansion Data

A = Mean Coefficient of Thermal Expansion, 10~° 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 carbon and low alloy A 99 107 111 115 11.8 119 121 123 124 126 127 129 13.0 132
steels [Note (2)] B -22 -13 -08 0 04 07 10 13 16 20 23 26 30 34
Groug 2 low alloy steels [Note (3)] A 108 117 120 126 128 13.0 131 132 134 135 136 132188 139
B -24 -14 -08 0 04 07 10 14 17 21 24028 B2 36
5Cr-1Mo steels A 101 108 112 115 11.8 120 121 123 124 1254126 126 17 128
B -22 -13 -08 0 04 07 10 13 16 49723 26 P9 33
9Cr-1Mo steels A 90 98 101 105 106 107 109 110 afr 112 113 114 15 116
B -20 -12 -07 O 03 06 09 120514 17 20 23 [R6 3.0
Straight chromium stainless steels 4 91 99 102 106 109 11.0 117, 113 114 114 115 116 16 117
12(r to 13Cr steels B -20 -12 -07 0O 03 06 .09 12 15 18 21 24 [P7 30
15(r to 17Cr steels A 81 88 91 96 97 ¢99 100 101 102 103 104 105 106 10.7
B -18 -11 -06 O 03>, 05 08 11 13 16 19 22 P4 27
27(r steels A 77 85 87 908492 92 93 94 94 95 95 96 [96 97
B -17 -10 -06 .0 03 05 07 10 12 15 17 20 2 25
Austehitic stainless steels (304, A 135 143 . 147 153 156 159 162 164 166 168 170 172 174 175
303,316, 317,321, 347,348, g _309 -12(+~10 o0 05 09 13 17 22 26 31 35 MO 45

19-pDL, XM-15, etc.)
Other|austenitic stainless steels A 2.8 13.6 14.1 147 150 152 154 156 157 159 16.0 16.1 163 164
(30p, 310, 315, XM-19, etc.) B 28 -16 -10 0 04 08 12 16 20 25 29 33 B7 42
Gray fast iron A 98 101 102 104 105 107 108 11.0 111 M2 114
B 0 03 06 08 11 14 17 20 23 [P6 29
Ductile cast iron A 88 95 103 105 107 109 111 113 116 118 120 122 124
B -11 -07 0 03 06 09 12 15 18 21 25 [R8 31
Mone| (67NiS30Cu) N04400 A 104 122 13.0 138 141 144 146 148 150 151 153 154 155 156
B -23 -15 -09 0 04 08 12 16 19 23 28 32 PB6 40
Nickel alloys N02200 and N02201 A4 9.6 108 114 119 124 127 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
Nickel alloy N06600 A 99 108 115 123 125 127 128 13.0 132 133 135 136 137 138
B -22 -13 -08 O 04 07 10 14 17 21 24 28 32 35
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Table B-1 (SI) Thermal Expansion Data (Cont’d)

. . —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

133 134 13.6 13.7 138 140 141 142 144 145 146 147 148 149 150 151 151 152 153 153 154
37 41 45 49 53 57 61 65 69 73 77 82 86 90 94 99 103 107 111 11.6 12.0

14.0 14.1 14.2 143 144 145 14.6 146 147 148 148 149 150 15.0 151 151 152 152 153'\153 153
39 43 47 51 55 59 63 67 71 75 79 83 87 91 95 99 103 10.7 111 11} 115

12.8 129 13.0 13.0 13.1 13.2 132 133 134 134 135 13.6 13.6 13.7 13.7 138 1397139 140 149 14.1
36 39 43 46 50 53 57 61 64 68 72 75 79 83 87 90 94) 98 102 1046 11.0

11.7 11.8 119 119 12.0 121 122 123 123 124 125 12.6 12.7 12.7 128 AZ9 13.0 13.1 133 13.
33 36 39 42 46 49 52 56 59 63 66 70 73 77 81,585 89 93 9.7 10.

g

13.6
10.6

e

11.7 11.8 11.8 119 119 12.0 12.0 12.1 121 122 122 123 123 124 7124 125 125 125 125 126 126
33 36 39 42 45 49 52 55 58 62 65 68 728725 78 82 85 88 92 95 98

108 108 109 11.0 11.0 11.1 11.2 11.2 113 113 114 114115 115 115 11.6 11.6 11.7 11.7 118 119
30 33 36 39 42 45 48 51 54 57 60 3 66 70 73 76 79 82 86 8% 93

==

9.7 98 99 99 100 100 101 102 102 103 104 104 105 105 10.6 10.6 10.7 10.7 108 108 109
27 30 33 35 38 41 43 46 49 5255 58 61 64 67 70 72 76 79 8P 85

17.7 17.8 179 18.0 181 182 183 184 184%“185 186 187 188 189 19.0 19.1 19.2 193 194 19.4 194
49 54 59 64 69 74 79 83.89 94 99 104 109 114 120 125 13.1 13.6 141 14} 152
16.5 16.6 16.6 16.7 168 169 170171 172 172 173 174 175 176 17.7 178 179 180 181 18}p 183
46 50 55 59 64 68. .73 78 82 87 92 97 102 106 11.1 11.7 122 127 132 13.f 143

11.5 11.7 11.8 12.0 12:1~123 124 12.6 12.7 129 13.0
32 36 39 42{ 46 50 53 57 61 65 69

12.5 12.6 12,8<429 13.0 13.1 13.2 132 133 134 135
35 39 _427 46 49 53 57 60 64 68 72

15.7 ~15:8 159 16.0 16.0 16.1 16.1 16.2 16.2 163 163 164 164 165 165 165 16.6 166 16.7 16.f 16.8
44,48 52 57 61 65 69 74 78 82 86 91 95 100 104 108 113 11.7 122 12¢ 13.1

144 145 14.6 147 148 149 150 151 152 153 154 155 156 15.6 157 158 159 159 16.0 16.1 16.2
40 44 48 52 56 60 65 69 73 77 82 86 90 95 99 103 108 11.2 11.7 122 126

126 12.7 128 129 13.0 132 133 135 13.6 138 139 141 143 144 146 148 149 151 152 154 15.6
35 39 42 46 50 53 57 61 65 70 74 78 83 87 92 97 101 106 111 116 121

14.0 141 142 143 144 145 146 147 148 149 150 151 152 153 154 156 157 158 159 16.1 16.2
39 43 47 51 55 59 63 67 71 75 79 84 88 93 97 102 107 11.1 116 121 12.6
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Table B-1 (SI) Thermal Expansion Data (Cont’d)

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

Coeffi- Temperature Range 20°C to
Material cient -200 -100 -50 20 50 75 100 125 150 175 200 225 250 275
Nickel alloy N06625 A 120 124 126 128 129 13.0 13.1 132 132 132 133
B 0 04 07 10 14 17 20 24 27 30 34
Nicke] alloys NO8800 and N08810 A 106 125 133 142 146 149 151 153 155 156 158 159 ]]6.0 16.1
B -23 -15 -09 0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 33 3.7 4.1
Nicke| alloy N08825 A 129 135 13.6 13.7 139 140 142 143 pN44 144 145 146
B -09 0 04 08 11 15 18 22026 3.0 (33 37
Nicke| alloy N10276 A 10.8 11.0 112 114 116 11.7N\119 12.0 122 124 125
B 0 0.3 0.6 0.9 1.2 15 1.8 2.2 2.5 2.8 3.2
Coppgr alloys C1XXXX series A 139 157 162 167 170 172 173, 1724 175 176 17.7 178 17.8 179
B -31 -19 -11 0 05 09 14< 18 23 27 32 36 W@l 46
Bronze alloys A 151 158 164 172 17.6 179\ 18,0 182 182 183 184 185 185 186
B -33 -19 -11 0 05 10 14 19 24 28 33 38 @43 47
Brass|alloys A 147 154 16.0 16.7 171 174 176 178 18.0 182 184 186 188 19.0
B -3.2 -19 -11 0 0.5 1.0 1.4 1.9 2.3 2.8 3.3 3.8 4.3 4.8
Coppdr-nickel (70Cu-30Ni) A 119 134 140 145 149 152 153 155 157 158 16.0 16.1 163 16.4
B -26 -16,-%<10 0 04 08 12 16 20 25 29 33 B7 42
Aluminum alloys A 18.0+ 19.7 208 21.7 226 231 234 237 239 242 244 247 25.0 252
B <40~ -24 -15 0 0.7 1.3 19 2.5 3.1 3.7 4.4 5.1 5.7 6.4
Titanijum alloys (Grades 1, 2, 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 13 16 18 RO 22
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Table B-1 (SI) Thermal Expansion Data (Cont’d)

ASME B31.1-2018

A = Mean Coefficient of Thermal Expansion, 10°¢ 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
13.3 133 134 135 135 13.6 13.7 138 140 141 142 143 145 146 148 149 150 151 153 154 156
37 41 44 48 51 55 59 63 67 71 75 80 84 88 93 98 102 10.7 11.2 11.6 121
16.2 163 164 165 165 16.6 16.7 168 168 169 17.0 17.1 172 172 173 17.4 175 17.6 17.7, 1728 179
45 50 54 58 63 67 72 76 81 85 90 95 99 104 109 114 119 124 129) 13.4 14.0
14.7 148 149 150 151 151 152 153 154 155 15.6

41 45 49 53 57 61 65 70 74 78 83

12.6 128 129 13.0 13.1 13.2 133 134 135 13.6 13.7 13.8 139 14.0 14.1 14.2\143 143 144 145 14.6
35 39 43 46 50 54 57 61 65 69 73 77 81 85 89493 97 101 105 10p 114
18.0 18.0

50 5.5

18.7 18.8 189 19.0 19.0 19.1 19.2 19.3 194 194 19.5 19.6 197 19.7 19.8

52 57 62 67 72 7.7 83 88 93 98 103 109114 119 125

19.2 193 19.5 19.6 198 20.1 203 205 207 208 210%21.2 214 216 218

54 59 64 70 75 82 87 93 99 105¢111 118 124 131 137

16.5 16.5 16.6 16.6 16.7

46 50 55 59 63

5.5 25.6

7.1 7.8

88 88 89 89 9.0, 92

25 27 29 32 34737
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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) 1Cr—1/2Mo—V 3/4Ni—1/2Cu—M0
c-%Mo 1Y,Cr-"%Mo %, Ni-Y,Cr-"%Mo-V
Y Cr-YsMo-v 1Y,Cr-%%Mo-Si %, Ni-1Mo-%,Cr

Y Cr-Y,Mo-Si 1%,Cr-%Mo-Cu 1Ni-%4Cr-"4Mo

Y% Cr-Y%Mo 2Cr-"%4Mo 1%,Ni-1Cr-%Mo
Y Cr-Y%Ni-%Mo 2Y,Cr-1Mo 1%,Ni-¥%,Cr-Y,Mo
¥,.Cr-Y%Ni-Cu 3Cr-1Mo 2Ni-%,Cr-Y,Mo
%,Cr-%,Ni-Cu-Al Y%Ni-Y,Mo-V 2Ni-%,Cr-%Mo
1Cr-“%Mo Yo Ni-Y,Cr-%,Mo-V 2%Ni
1Cr-"4Mo-Si %, Ni-Y%Mo-Cr-v 3%Ni

1Cr-%Mo %,Ni-Y%,Mo-Y4Cr-v 3%Ni-1%,6r£%Mo-V

(3) Group 2 alloys (by nominal composition):

Mn-V
Mn-Y,;Mo
Mn-%Mo
Mn-Y%Mo-Y,Ni
Mn-%,Mo-%Ni
Mn-Y,Mo-,Ni
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MODULI OF ELASTICITY

239



https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

0¥¢

Table C-1 Moduli of Elasticity for Ferrous Material

E = Modulus of Elasticity, psi (Multiply Tabulated Values by 10°) [Note (1)]

Temperature, °F

Material =100 70 200 300 400 500 600 700 800 900 1,000 1,100 14200 1,300 1,400 1,500
Carbon steels with carbon conten{ 30.3 29.4 28.8 28.3 27.4 27.3 26.5 25.5 24.2 22.5 20.4 18.0
0.30% or less
Carbon steels with carbon conten{ 30.1 29.2 28.6 28.1 27.7 27.1 26.4 25.3 24.0 22.3 20.2 17.9 15.4
above 0.30%
Carbon-molybdenum steels 30.0 29.0 28:5 28.0 27.6 27.0 26.3 25.3 239 22.2 20.1 17.8 15.3
Nickel steels 28.6 27.8 27.1 26.7 26.2 25.7 25.1 24.6 23.9 23.2 22.4 215 0.4 19.2 17.7
Chromium steels:
%Cr through 2Cr 30.5 29.6 29.0 28.5 28:0 274 269 26.2 25.6 24.8 239 23.0 £1.8 20.5 18.9
2Y,Cr through 3Cr 31.4 30.6 29.9 29.4 2838 28.3 27.7 27.0 26.3 25.6 24.7 23.7 2.5 211 19.4
5Cr through 9Cr 31.9 31.0 30.3 29.7 29.2 28.6 28.1 27.5 26.9 26.2 25.4 24.4 £3.3 22.0 20.5
Austenitic stainless steels:
Type 304, 18Cr-8Ni 29.2 28.3 27.5 27.0 26.4 259 25.3 248 24.1 23.5 22.8 22.0 p1.2 20.3 19.2 18.1
Type 310, 25Cr-20Ni 29.2 28.3 27.5 27.0 26.4 259 25,3 248 24.1 23.5 22.8 22.0 p1.2 20.3 19.2 18.1
Type 316, 16Cr-12Ni-2Mo 29.2 28.3 27.5 27.0 26.4 259 25.3 24.8 24.1 235 22.8 22.0 1.2 20.3 19.2 18.1
Type 321, 18Cr-10Ni-Ti 29.2 28.3 27.5 27.0 26.4 259 25.3 24.8 24.1 235 22.8 22.0 £1.2 20.3 19.2 18.1
Type 347, 18Cr-10Ni-Cb 29.2 28.3 27.5 27.0 26.4 25.9 25.3 248 24.1 235 22.8 22.0 £1.2 20.3 19.2 18.1
Type 309, 23Cr-12Ni 29.2 28.3 27.5 27.0 26.4 259 25.3 248 24.1 23.5 22.8 22.0 p1.2 20.3 19.2 18.1
Straight chromium stainless steely 30.2 29.2 28.4 27.9 27.3 26.8 26.2 25.5 24(5 23.2 21.5 19.2 16.5
(12Cr, 17Cr, 27Cr)
Gray cast iron 13.4 13.2 12.9 12.6 12.2 11.7 11.0 10.2

NOTE: (1) These data are for inf

rmation and it is not to be implied that materials are suitable for all the temperature ranges shown.
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Table C-1 (SI) Moduli of Elasticity for Ferrous Material

E = Modulus of EIasticity, mummwrmm—vm@ny-mﬁ-[mrm]

Temperature, °C

Material =75 25 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Carbon steels with carbon conten 209 202 198 195 192 189 185 179 171 162 151 137 122 107
0.30% or less
Carbon steels with carbon conten 207 201 197 194 191 188 183 178 170 161 149 136 121 106
above 0.30%
Carbon-molybdenum steels 207 200 196 193 190 187 183 177 170 160 149 135 121 106
Nickel steels 197 191 187 18% 181 178 174 171 167 163 158 153 147 141 133
Chromium steels:
%Cr through 2Cr 210 204 200 197 193 190 186 183 179 174 169 164 157 150 142
214Cr through 3Cr 217 210 206 202 199 196 192 188 184 180 175 169 162 155 146
5Cr through 9Cr 220 213 208 205 201 198 195 191 187 183 179 174 168 161 153
Austenitic stainless steels:
Type 304, 18Cr-8Ni 201 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127
Type 310, 25Cr-20Ni 201 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127
Type 316, 16Cr-12Ni-2Mo 201 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127
Type 321, 18Cr-10Ni-Ti 201 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127
Type 347, 18Cr-10Ni-Cb 201 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127
Type 309. 23Cr-12Ni 201 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127
Straight chromium stainless steely 208 201 195 192 189 186 182 178 173 166 157 145 131
(12Cr, 17Cr, 27Cr)
Gray cast iron 92 91 89 87 85 82 78 73 67

NOTE: (1) These data are for inf

rmation and it is not to be implied that materials are suitable for all the temperature ranges shown.
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Table C-2 Moduli of Elasticity for Nonferrous Material

ASME B31.1-2018

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) 30.9 30.0 29.4 289 28.5 28.1 27.6 27.2 26.7 26.2 25.7 251 24.5
N02201 (201) 30.9 30.0 29.4 289 28.5 28.1 27.6 27.2 26.7 26.2 25.7 251 24.5
N04400 (440) 26.8 26.0 25.5 25.1 24.7 24.3 239 23.6 23.1 22.7 22.2 21.7 p1.2
N06002 (X) 29.3 28.5 27.9 27.5 271 26.7 26.2 25.8 25.4 249 24.3 23.8 p3.2
N06007 (G) 28.6 27.8 27.2 26.8 26.4 26.0 25.6 25.2 24.7 24.3 23.8 23.2 £2.6
N06022 29.3 28.5 27.9 275 27.1 26.7 26.2 25.8 25.4 249 24.3 238 p3.2
N06455 (C-fi) 30.7 29.8 29.2 28.7 283 27.9 27.4 27.0 26.5 26.0 255 249 P4.3
N06600 (6(0) 31.9 31.0 30.3 29.9 29.4 29.0 28.6 28.1 27.6 274 26.5 259 p5.3
N06617 (617) 29.2 284 28.0 27.7 27.4 27.0 26.5 26.0 25.5 24.9 24.3 £3.8
N06625 (625) 30.9 30.0 29.4 28.9 28.5 28.1 27.6 27.2 26.7 26.2 25.7 25.1 p4.5
N08020 288 28.0 27.4 27.0 26.6 26.2 25.8 25.4 249 24.4 239 23.4 p2.8
N08320 (2g Mod) 28.6 27.8 271 26.7 26.4 26.0 25.7 25.3 24.7 24.2 23.6 23.2 p2.7
N08800 (8(0) (2) 29.3 28.5 27.9 27.5 27.1 26.7 26.2 25.8 25.4 249 24.4 23.8 p3.2
N08810 (8(0H) (2) 29.3 28.5 27.9 27.5 271 26.7 26.2 25.8 25.4 249 24.4 238 p3.2
N08825 288 28.0 27.4 27.0 26.6 26.2 25.8 25.4 249 24.4 239 23.4 p2.8
N10001 (B) 32.0 311 30.4 30.0 29.5 29.1 28.7 28.2 27.7 27.2 26.6 26.0 p5.3
N10276 (C-R76) 30.7 29.8 29.2 28.7 28.3 279 27.4 27.0 26.5 26.0 25.5 249 p4.3
N10665 (B-R) 323 314 30.7 30.2 29.8 29.3 28.9 28.4 27.9 27.4 26.8 26.2 P5.6
Aluminum pnd Aluminum Alloys
A24430 (B443) 10.5 10.0 9.6 9.2 8.7 8.1
A91060 (10660) 10.5 10.0 9.6 9.2 8.7 8.1
A91100 (11j00) 10.5 10.0 9.6 9.2 8.7 8.1
A93003 (30003) 10.5 10.0 9.6 9.2 8.7 8.1
A93004 (3004) 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 (60163) 10.5 10(0 9.6 9.2 8.7 8.1
A95052 (50552) 10.7 10.2 9.7 9.4 8.9 8.3
A95154 (51/54) 107 10.2 9.7 9.4 8.9 8.3
A95454 (5454) 1077 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 8.3
A95083 (50833 +6-8 +6-3 5-8 95 -6 83
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 13.7 134 13.2 129 12.5 12.0
€92200 14.4 14.0 13.7 13.4 13.2 129 12.5 12.0
C46400 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8
C65500 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8
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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)
C€95200 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8
€95400 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8
C€10200 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C11000 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C12000 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C12200 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C12500 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C1420p0 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C23000 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C61400 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5
C70600 185 18.0 17.6 17.3 16.9 16.5 16.0 15.4
C97600 19.6 19.0 185 18.2 17.9 17.5 16.9 16.2
C71000 20.6 20.0 19.5 19.2 18.8 18.4 17.8 17,1
C71500 22.6 22.0 21.5 21.1 20.7 20.2 19.6 18.8
Unallgyed Titanium
Gradej§ 1, 2, 3, 15.5 15.0 14.6 14.0 13.3 12.6 11.9 11.2

7, apd 12
NOTES:
(1) THese data are for information and it is not to be implied that'materials are suitable for all the temperature ranges showi.
(2) Fdr 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° psi.
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Table C-2 (SI) Moduli of Elasticity for Nonferrous Material

E = Modulus of Elasticity, MPa (Multiply Tabulated Values by 10) [Note (1)]

Temperature, °C

Materials -75 25 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
High Nickel Alloys
N02200 (200) 213 207 202 199 197 194 191 189 186 183 180 176 172 169 164 160 156
N02201 (201) 213 207 202 199 197 194 191 189 186 183 180 176 172 169 164 160 156
N04400 (440) 185 179 175 173 171 168 166 163 161 158 155 152 149 146 142 ,139)| 135
N06002 (X 202 196 192 189 187 184 182 179 176 173 170 167 163 160 ,156”7 152 | 148
N06007 (G 197 191 187 185 182 180 177 175 172 169 166 163 160 156 .152 148 144
N06022 212 206 201 199 196 193 191 183 185 182 179 175 172,168 164 160 | 155
N06455 (C#) 212 205 201 198 195 193 190 187 184 181 178 175 171 V167 163 159 155
N06600 (6(0) 220 213 209 206 203 201 198 195 192 189 186 182, \\78 174 170 165 161
N06617 (617) .. 201 196 193 191 189 187 184 181 178 174 1%%1) 167 164 160 156 152
N06625 (635) 213 207 202 199 197 194 191 189 186 183 180, 176 172 169 164 160 | 156
N08020 199 193 189 186 184 181 179 176 173 170~167 164 161 157 153 150
N08320 (2¢ Mod) 198 192 187 185 182 180 177 175 172 <169¥ 167 163 159 156 152 149 | 144
N08800 (8(0) 202 196 192 189 187 184 182 179 176\\173 170 167 164 160 156 152 | 148
N08810 (8)0H) 202 196 192 189 187 184 182 179 196 173 170 167 164 160 156 152 | 148
N08825 199 193 189 186 184 181 179 176:*~173 170 167 164 161 157 153 150
N10001 (B 221 214 209 206 204 201 198,7196 193 189 186 182 178 174 170 166| 161
N10276 (C{276) 212 205 201 198 195 193 <190 187 184 181 178 175 171 167 163 159 155
N10665 (B{2) 223 216 211 208 206 203200 197 194 191 188 184 180 176 172 168 163
Aluminum |and Aluminum Alloys
A24430 (B443) 72 69 66 63+ 60 57 52 46
A91060 (1(60) 72 69 66 63 60 57 52 46
A91100 (1300) 72 69 66\_J63 60 57 52 46
A93003 (3403) 72 69 664 63 60 57 52 46
A93004 (3(04) 72 69 66 63 60 57 52 46
A96061 (6(61) 72 £ 69 66 63 60 57 52 46
A96063 (6(163) 72 69 66 63 60 57 52 46
A95052 (5(52) 74 70 67 65 62 58 53 47
A95154 (5154) 74 70 67 65 62 58 53 47
A95454 (5454) 74 70 67 65 62 58 53 47
A95652 (5452) 74 70 67 65 62 58 53 47
A03560 (356) 75 71 68 65 62 58 54 47
A95083 (5083) 75 71 68 65 62 58 54 47
A95086 (5086) 75 71 68 65 62 58 54 47
A95456 (5456) 75 71 68 65 62 58 54 47
Copper and Copper Alloys
€83600 99 96 94 93 91 89 87 84 81
€92200 99 96 94 93 91 89 87 84 81
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Table C-2 (SI) Moduli of Elasticity for Nonferrous Material (Cont’d)

E = Modulus of Elasticity, MPa (Multiply Tabulated Values by 10°) [Note (1)]

Temperature, °C

Materials -75 25 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

Copper and Copper Alloys (Cont'd)

C46400 106 103 101 99 97 96 93 90 86
C65500 106 103 101 99 97 96 93 90 86
€952 He—H3—FHH—99—97 —96—93—95—86
€95400 106 103 101 99 97 96 93 90 86
€10200 121 117 114 112 110 108 106 102 98
C11000 121 117 114 112 110 108 106 102 98
C12000 121 117 114 112 110 108 106 102 98
C12200 121 117 114 112 110 108 106 102 98
C12500 121 117 114 112 110 108 106 102 98
C14200 121 117 114 112 110 108 106 102 98
€23000 121 117 114 112 110 108 106 102 98
C61400 121 117 114 112 110 108 106 102 98
C70600 127 124 121 119 117

C97600 135 131 128 126 123

C71000 142 138 134 132 130

C71500 156 152 148 145 143

Unallqyed Titanium

Gradeg 1, 2, 3, 7, and 12 .. 107 103 101 97 93 88 84 80 75 71

NOTE:| (1) These data are for information and it is notto-be implied that materials are suitable for all the temperature range$ shown.
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MANDATORY APPENDIX D
FLEXIBILITY AND STRESS INTENSIFICATION FACTORS
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(18) Table D-1 Flexibility and Stress Intensification Factors
Stress
Flexibility Flexibility Intensification
Characteristic, Factor, Factor,
Description h k i Illustration
tn
r
Welding elbow or pipe bend @ 1.65 % N f
[Notes (1), (2), (3), (4), (5] r h i3 A
Closely spaced miter bend
[Nagtes (1), (2), (3), (5)] st,, cot 1.52 0.9
s <|r(1 + tan 6) 22 143/6 12/3
B 3 6t,
0 422% deg
Widely spaced miter bend . -ft
[Ngtes (1), (2), (5, (6)] 11 + cot 0) 2 29 "
s 2|r(1 + tan 6) 2r W/ 2/3
6 422% deg r(1]+ cot 6)
2
Weldfng tee per _L _L
ASME B16.9 [Notes (1), .
(2)} (N1 3.1t, 09 _ft
r 1 hz/3 T !
rX
5/2 [ _T__
t b 0.9 T ¢
Reinfprced fabricated tee nt — _L _L n
1 2/3
[Ngtes (1), (2), (8), (9)] H(t,)3? h T ‘—I I_// _f
" tl’ rf
Pad | Safldle
—I
Unreinforced fabricated tee i 1 (:‘92 T th
[Notes {TJ, 2], (9]] T T |
Branch welded-on fitting 3.3t, 0.9
(integrally reinforced) per . 1 1273

MSS SP-97 [Notes (1), (2)]
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(18) Table D-1 Flexibility and Stress Intensification Factors (Cont’d)
Stress
Flexibility Flexibility Intensification
Characteristic, Factor, Factor,
Description h k i Illustration
A
Extruded outlet meeting the t, 0.9 __._I_.L[r
requirerients of para. . T 273 Y
104.3.1(k) [Notes (1), (2)]
Welded-in|contour insert 31t 1 09
[Notes (1), (2), (7)] r i3
Flexibility Stress
Factor, Intensification Factor,
Degscription k i Ilustration
For checking branch end
. 2/3 1/2
Branch connection R / £ / .
1 m "m nbf T'm See Figure D-1
Notes (1), (10 1-5{—] (—} (—] -
[Notes (), (10)] o) (=) Ll
Butt weld [[Note (1)]
t = 0.237 in, 1 1.0 [Note\(11)]
Smax = 1/6 iIl.,
and ,yg/t < 0.13 —
Butt weld [[Note (1)] t
t
t 2 0.237 in, l
Smax < 74 in.,
and 8,,,]t = any value 1.9 max. or [0.9 + 2.7(8avg/t)], 6
but not less than 1.0
Butt weld [[Note (1)] [Note (11)]
t < 0.237 in,
Smax < 1/ 6 in.,
and 8./t < 0.33
. See Figures 127.4.4-1, 127.4.4-2, nd
Fillet welds 1.3 [Note (12)] 127 4.4-3
tn
1.9 max. or
Tapered transition‘\per para. ﬁ/’
127.4.2(4) and 1 D 5 ~
ASME B16.25 [Nate (1] 13 + 0.0036‘—0 + 36— RS
ot CRRE. T
I
Concentric reducer per 2.0 max. or
ASME B16.9 1 b 1/2 Do
[Notes (1), (13)] 05 + 0.01a(t—2] 1
2
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Table D-1 Flexibility and Stress Intensification Factors (Cont’d)
Flexibility Stress
Factor, Intensification Factor,
Description k i Illustration

Threaded pipe joint or 1 23

threaded flange '
Corrugated straight pipe, or

corrugated or creased bend 5 2.5

[Note (14)]

GENERAL NOTES:

(a) THe validity of the stress intensification and flexibility factor data in Table D-1 has been demonstrated for D,/t, < @®0Q0:

(b) THe designer may use the stress intensification and flexibility factors from ASME B31] instead of the stress intensifi¢ation afd flexibility
fagtors herein. When using the stress intensification factors from ASME B31], the maximum of the in-plane (i), out-plane (i,), and forsional (i,)
stfess intensification factors shall be used in calculating stresses in accordance with para. 104.8. Alternatively, Stress intensificgtion factors
may be developed using ASME B31], Nonmandatory Appendix A.

NOTESY:

(1) The following nomenclature applies to Table D-1:

B|= length of miter segment at crotch, in. (mm)
D,|= outside diameter of reducer on large end, in. (mm)
D,|= outside diameter of reducer on small end, in. (mm)
D,|= outside diameter, in. (mm)
D,,| = outside diameter of branch, in. (mm)
R|= bend radius of elbow or pipe bend, in. (mm)
r|= mean radius of pipe, in. (mm) (matching pipe for tees)
ry|= external crotch radius of welded-in contour inserts and welding tees, i {mm)
s|= miter spacing at centerline, in. (mm)
T.|= crotch thickness of welded-in contour inserts and welding tees, in/(mm)
t,|= nominal wall thickness of pipe, in. (mm) (matching pipe for tees)
t.| = reinforcement pad or saddle thickness, in. (mm)
a|= reducer cone angle, deg
6|= mismatch, in. (mm)
6] = one-half angle between adjacent miter axes, deg
(2) Theflexibility factors, k, and stress intensification faters, i, in Table D-1 apply to bending in any plane for fittings and shall in no dase be taken
Ipss than unity. Both factors apply over the effectivearclength (shown by heavy centerlines in the illustrations) for curved and njiter elbows,
dnd to the intersection point for tees. The values of k and i can be read directly from Figure D-2 by entering with the charpcteristic, h,
domputed from the formulas given.
(3) Where flangesare attached to one or hoth'ends, the values of kand i in Table D-1 shall be multiplied by the factor, c, given below, yhich can be
flead directly from Figure D-3, entering with the computed h: one end flanged, ¢ = h*/®; both ends flanged, ¢ = h'/3.

(4) Thedesigneriscautioned that cast butt welding elbows may have considerably heavier walls than those of the pipe with which they are used.

large errors may be introduced/unless the effect of these greater thicknesses is considered.

(5) Inlarge diameter thin-wallelbows and bends, pressure can significantly affect magnitudes of kand i. Values from the Table may pe corrected

y dividing k by
7/3, \1/3
) 6
E )\ t, r
dnd dividing i by
5/2

O AT

RG]

(6) Also includes single miter joints.

(7) Ifry=D,,/8 and T, = 1.5¢,, a flexibility characteristic, h, of 4.4t,/r may be used.

(8) When ¢, > 1.5¢t,, h = 4.05¢,/r.

(9) The stress intensification factors in the Table were obtained from tests on full size outlet connections. For less than full size outlets, the full

size values should be used until more applicable values are developed.

(10) The equation applies only if the following conditions are met:

(a) The reinforcement area requirements of para. 104.3 are met.
(b) The axis of the branch pipe is normal to the surface of run pipe wall.
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Table D-1 Flexibility and Stress Intensification Factors (Cont’d)

NOTES (Cont’d):
(c) Forbranch connections in a pipe, the arc distance measured between the centers of adjacent branches along the surface of the run pipe is not less
than three times the sum of their inside radii in the longitudinal direction or is not less than two times the sum of their radii along the circumference of the

run pipe.

(d) The inside corner radius r; (see Figure D-1) is between 10% and 50% of t,.
(e) The outer radius, r, (see Figure D-1), is not less than the larger of T,/2, (T} + ¥)/2 [shown in Figure D-1 illustration (c)], or t,,/2.
(f) The outer radius, r; (see Figure D-1), is not less than the larger of

(1) 0.0026d,

(2) 2(s

(9) R/t

n 9)3 times the offset for the r‘nnﬁ'gnrnﬁnnc shown in Fignrn D-1 illustrations (n) and (h)

<50 and r',,/R, < 0.5.

(11) The stress intensification factors apply to girth butt welds between two items for which the wall thicknesses are between 0.875¢ an|

foran

offset|

(12) For welds to socket welded fittings, the stress intensification factor is based on the assumption that the pipe andfitting are mat

accor

flangeks, the stress intensification factor is based on the weld geometry shown in Figure 127.4.4-2 and has been shown to envelop the

of the
conca

(13) The e
(a) Cone

huation applies only if the following conditions are met:
hngle, a, does not exceed 60 deg, and the reducer is concentric.

(b) The lgrger of D,/t; and D,/t, does not exceed 100.

(c) Thew
end, where

he thickness shall not be less than t,.

(14) Factoys shown apply to bending; flexibility factor for torsion equals 0.9.

pxial distance of \/D,t. D, and t are nominal outside diameter and nominal wall thickness, respectively. 8, is the average-mism|

hll thickness isnotless than t; throughout the body of the reducer, except in and immediately adjacent to the cylindrical portion on th

d1.10t
htch or

hed in

ance with ASME B16.11 and a full weld is made between the pipe and fitting as shown in Figure 127.4.4-3. Eor'welds to socket welding

results

pipe to socket welded fitting tests. Blending the toe of the fillet weld, with no undercut, smoothly inte/the pipe wall, as shown in the
Ve fillet welds in Figure 127.4.4-1, illustrations (b) and (d), has been shown to improve the fatigue performance of the weld.

e small
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Figure D-1 Branch Connection Dimensions
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D, = outside diameter of branch pipe, in. (mm) r, = outside radius of branch
L Lbaiglht £ 1 H L ) Hy S L Ay
t—=height-ofnezzle—in—{mm} reinforeement—in—{tmm3
ry, Iy, 3 = transition radii of branch T, = effective thickness of branch
reinforcement, in. (mm) reinforcement, in. (mm)
r’, = mean radius of branch pipe, in. (mm) t,, = nominal thickness of branch pipes, in. (mm)
r; = inside radius of branch, in. (mm) t,» = nominal thickness of run pipe, in. (mm)
R,, = mean radius of run pipe, in. (mm) 6, = transition angle of branch
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Figure D-2 Flexibility Factor, k, and Stress Intensification Factor, /
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Figure D-3 Correction Factor, ¢
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MANDATORY APPENDIX F
REFERENCED STANDARDS

Specific editions of standards incorporated in this Code by reference are shown in this issue of Mandatory Appendix F.

Itis not prar‘fir‘a] torefertoa cpnt‘iﬁ'r editionof each-standard-throuchoutthe Code text, butinstead the cpnPiFiP e
=3 7

ition

reference|dates are shown here. Mandatory Appendix F will be revised at intervals as needed and issued. The ndmgs and
addresseq of the sponsoring organizations are also shown in this issue.
American [National Standard ASME Codes & Standards (Cont’d) ASTM Specifications [Note\(1)] (Cont'd)
B16.26-2011 A125-96 (R07)
7223.1-2012 B16.34-2004 A126-04
B16.42-1998 A134-96 (RO5)
API Specifjcations B16.47-1996 (1998a) A135/A135M-06
B16.48-2005 A139/AT39M-04
5L, 38th Edlition, 1990 B16.50-2001 A178/A178M-02
570, 3rd Eflition, 2009 A179/A179M-90a (RO5)
B18.2.1-1996 (1999a) A181/A181M-06
ASCE/SEI Standard B18.2.2-1987 (R1999) A182/A182M-07a
(ASME/ANSI B18.2.2) A192/A192M-02
7-05, 7-10/7-16 B18.2.3.5M-1979 (R2001) A193/A193M-07
B18.2.3.6M-1979 (R2001) A194/A194M-07a
ASME Codps & Standards B18.2.4.6M-1979 (R1998) A197/A197M-00 (R06)
B18.21.1-1999
Boiler and |Pressure Vessel Code, B18.22M-1981 A210/A210M-02
latest edftion B18.22.1-1965 (R1998) A213/A213M-07a
A214/A214M-96 (RO5)
B1.1-1989 B31.3-2002 A216/A216M-07
B1.13M-2001 B314-2002 A217/A217M-07
B1.20.1-19B3 (R2001) B31:8-1999 A229/A229M-99
s1203.1596 (R1998) | Azs4/AzI0T
(NSt B} 20 w201 IR
5161200 B36.10M-2004 A249/A249M-07
B16.3-199 B36.19M-2004 A254-97 (R02)
B16.4-200
B16.5-200 CA-1, latest edition 2232_/?62681\4_0521
B16.9-200 QAI-1, latest edition A278/A278M-01 (R06)
p16.19-2909 TDP-1-1998 A283/A283M-00
B16.11-2005
B16.14-1994 A285/A285M-03

B16.15-1985 (R1994)
(ANSI/ASME B16.15)

B16.18-1984 (R1994)

ASTM Specifications [Note (1)]

A36/A36M-05

(ANSI B16.18) A47/A47M-99 (RO4)
B16.20-1998 A48/A48M-03
B16.21-2005 A53/A53M-07
B16.22-2001 (R2005)

B16.24-2001 A105/A105M-05
B16.25-2003 A106/A106M-10
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A299/A299M-04
A307-07b
A312/A312M-13b
A320/A320M-07a
A322-07
A333/A333M-05
A335/A335M-06
A336/A336M-07
A350/A350M-04a
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ASTM Specifications [Note (1)] (Cont'd)
A351/A351M-06

ASME B31.1-2018

ASTM Specifications [Note (1)] (Cont'd)
B68M-99 (RO5)

ASTM Specifications [Note (1)] (Cont’d)
B446-03 (R08)

A354-07 B75-02 B462-06
A358/A358M-05 B88-03 B463-04
A369/A369M-06 B88M-05 B464-05
A376/A376M-06 B466/B466M-07
A377-03 B108-06 B467-88 (R03)
A387/A387M-06a B111/B111M-04 B468-04
A389/A389M-03 B148-97 B473-07
A395JA395M-99 (R04) B150/B150M-03

B151/B151M-05 B546-04
A403[A403M-13a B161-05 B547/B547M-02
A409[A409M-01 (RO5) B163-04 B564-06a
A420[A420M-07 B165-05 B572-06
A426A426M-07 B166-08 B574-06 !
A437[A437M-06 B167-11 B575-06
A449{07b B168-08 B584-06a
A450[A450M-04a B171-04
A451[A451M-06 B608-07
A453[A453M-04 B209/B209M-06 B619-06
A479[A479M-11 B210-04 B622-06

B210M-05 B625-05
A515fA515M-03 B221-06 B626-06
A516[A516M-06 B234-04 B649-06
A530JA530M-04a B234M-04 B673-05
A564 [A564M-04 B241/B241M-02 B674-05
A575{96 (R02) B247-02a B675-02
A576{90b (R06) B247M-02a B676-03
A5871{96 (RO5) B251-02 %} B677-05

B251M-97 (R03) B688-96 (R04)
A671]06 B265-07 B690-02 (R07)
A672]06 B280-03 B691-95
A6911{98 (R02) B283-06

B704-03

A714499 (R03) B302-07 B705-05
A789fA789M-17 B315-06 B729-05
A790[/A790M-16 B338-06a

B348-06a B804-02
A815[A815M-07a B361-02 B828-02

B366-04b ! B861-06a
A928[A928M-1 B367-06 B862-06b !
A965fA965M12 B381-06a
A992fA992M-06a ASTM Standard Test Methods
A1091/A1091M-16%* B407-04

B408-06 D323-06
B26/B26M-05 B409-06 ! E94-04
B32-04 B423-05 E125-85 (R04)
B42-02 B424-05 E186-04
B43-98 (R04) B425-99 (R05) E280-04
B61-02 B435-06 E446-04
B62-02 B443-00 (R05)
B68-02 B444-06
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AWWA and ANSI/AWWA
Standards (Cont’d)

MSS Standard Practices (Cont’d)
SP-67-11

A3.0-01 SP-68-11

D10.10-99 €600-05 SP-75-14

QC1-07 C606-06 SP-79-11

SP-80-13

AWWA and ANSI/AWWA EJMA Standards SP-83-14

Standards SP-88-10

Standards of the EJMA, Inc., 10th Edition 2015 | gp_93.99 (RO4)

C110/A21.[0-08 SP-94-92

C111/A21.11-07 FCI Standard SP-95-14

C115/A21.15-05 SP-97-12
C150/A21.50-08 79-1-09 SP-105-10
C151/A21.p1-02 SP-106-12

C153/A21.p3-06

C200-05
C207-07
C208-07

C300-04
C301-07
C302-04
C304-07

C500-02
C504-06
C509-01

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)
SP-55-06
SP-58-09
SP-61-13

National Fire ,€odes and Standards

NFPA 56-14

NFPA85-15

NFPA 1963-14

PFI Standards

ES-16-08
ES-24-08

GENERALNPTE: Theissue date shown immediately following th¢ hyphen after the number of the standard (e.g., B1.1-1989,A36/A36M-0
12) is the effective date of issue (edition) of the standard. B18.2.2-1987 (R1999) designates specification reaffirmed without change i

NOTE: (1) Hor boiler external piping material application, see para. 123.2.2.
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Specifications and standards of the following organizations appear in this Appendix:

AISC American Institute of Steel ASTM  American Society for Testing and NFPA  National Fire Protection
Construction Materials (ASTM International) Association
130 East Randolph Street, Suite 100 Barr Harbor Drive 1 Batterymarch Park
?000 P.0. Box C700 Quincy, MA 02169-7471
vegfomesn 00| er o
Fax: (312) 670-5403 Phone: (610) 832-9585 Fax: (617) 770-07Q0
www.aisc.org Fax: (610) 832-9555 www.nfpa.org
www.astm.org
ANS[  American National Standards AWS  American Welding Society PFI Pipe Fabrication Institue
Institute 8669 NW 36 Street, No. 130 USA-Office: 511 Avenud of the
25 West 43rd Street Miami, FL 33166 Americas, #601
New York, NY 10036 Phone: (305) 443-9353 or (800) ot York, NY 10011
Phone: (212) 642-4900 443-9353 Canada Office: 655-32nfl Ave.,
Fax: (212) 398-0023 Www.aws.org #201
www.ansiorg Lachine, QC H8T 3G6
AWWA American Water Works Phone: (514) 634-3434
Association Fax: (514) 634-9736
API American Petroleum Institute 6666 West Quincy Avenue www.pfi-institute.org
1220 L Street, NW Denver, CO 80235
Washington, DC 20005-4070 Phone: (303) 794-7711 or (800) PPI Plastics Pipe Institute
Phone: (202) 682-8000 926-7337 105 Decker Court, Suitd 825
www.api.org www.awwa Q8 Irving, TX 75062
EJMA  Expansion-joint Manufacturers Phone: (469) 499-1044
ASCE  American Society of Civil Agypclation, Inc. Fax: (469) 499-1063
Engineers 25'North Broadway www.plasticpipe.org
1801 Alexander Bell Drive farrytown, NY 10591
Reston, VA 20191-4400 Phone: (914) 332-0040 SEI Structural Engineering Ifistitute of
Phone: (800) 548-2723 www.ejma.org ASCE
(703) 295-6300 (International) FCI Fluid Controls Institute, Inc. 1801 Alexander Bell Drjve
Fax: (703) 295-6222 1300 Sumner Avenue Reston, VA 20191-440(}
WWw.asce.org Cleveland, OH 44115-2851 Phone: (800) 548-2723
Phone: (216) 241-7333 Fax: (70.3) ?95'6361
ASME  The American Seciety of Fax: (216) 241-0105 wwwseinstitute.org
Mechanical Engineers www.fluidcontrolsinstitute.org
Two Park Avenue L
g o | 5 Mt Senddton
Phone:(800) 843-2763 Industry, Inc.
Fax: (973) 882-1717, 5155 127 Park Street, NE
WWWw.asme.org Vienna VA 22180.4602

Phone: (703) 281-6613

www.msshq.org
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MANDATORY APPENDIX G
NOMENCLATURE

This Ay
used with|
and units

pendix is a compilation of the nomenclature
in this Code. Included are the term definitions
that can be uniformly applied. These terms are

When used elsewhere within the Code, definitions
given here shall be understood to apply.

also definled at a convenient location within the Code.
Units References
Symbol Definition SI  US. Paragraph Table/Fig./App.
A Corrosion, erosion, and mechanical allowances mm  in. 104.1.2(a)[egs. (3), Figure 104.3.1-2
(including threading, grooving) (4), (7), (8), (97,.10)]
104.3.1(g)
104.4.1(b)
104.5.2(b)[eq. (13)]
104.,5:3(a)
Ay Area available for reinforcement in run pipe mm?  in?  1043.1(d)(2)(-c) Figure 104.3.1-1
104.3.1(g)(6) Figure 104.3.1-2
A, Area available for reinforcement in branch pipe mm?  in.*\"104.3.1(d)(2)(-c) Figure 104.3.1-1
104.3.1(g)(6) Figure 104.3.1-2
Az Area available for reinforcement by deposited metal mn?" in?  104.3.1(d)(2)(-c) Figure 104.3.1-1
beyond outside diameter of run and branch and for
fillet weld attachments of rings, pads, and saddles
Ay Area available for reinforcement by reinforcing ring, mm? in? 104.3.1(d)(2)(-c) Figure 104.3.1-1
pad, or integral reinforcement 104.3.1(g)(6) Figure 104.3.1-2
As Area available for reinforcement in saddle on right mm? in? 104.3.1(d)(2)(-c) Figure 104.3.1-1
angle connection
Ag Prressure design area expected at the end, of service life mm? in? 104.3.1(d)(2) Figure 104.3.1-1
Az Required reinforcement area mm? in? 104.3.1(d)(2)(-b) Figure 104.3.1-1
104.3.1(g)(5) Figure 104.3.1-2
B Length of miter segment at crotch mm in.  104.3.3(a) Table D-1
104.3.3(b)
b Spibscript referring to branch 104.3.1(d)(2) Figure 104.3.1-1
c Cold-spring factor 119.10.1[egs. (18), (19)]
Cy Sjze of fillet weld for socket welding components other mm  in. Figure 127.4.4-3
than flanges
c Flanged elbew correction factor Table D-1
Figure D-3
D Nominal pipe size mm  in. 119.7.1(a)(3) .
Dy, Outside diameter of reducer mm  in. Table D-1
D, Outside diameter of pipe mm in.  102.3.2(a) Table D-1
104.1.2(a)[eqgs. (7), (9)] Table 104.1.2-1
104.8.1[eq. (15)]
104.8.2[eq. (16)]
Doy Outside diameter of branch mm  in. 104.3.1(d)(2) Figure D-1

104.3.1(d)(2) (<)
104.3.1(e)
104.3.1(g)(4)
104.3.1(g)(5)

Figure 104.3.1-2
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Units References
Symbol Definition SI  US. Paragraph Table/Fig./App.
Dop Outside diameter of header or run pipe mm in.  104.3.1(d)(2) Figure 104.3.1-2
104.3.1(e)

104.3.1(g)(4)
104.3.1(g)(5)

d Inside diameter of pipe mm  in. 104.1.2(a)[eqs. (8), (10)] Table 104.1.2-1
d; 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 1043.1-1
ds Diameter of finished opening mm in.  104.4.2
dg Inside or pitch diameter of gasket mm  in. 104.5.3(a)[eq. (14)] Figure 104.5.3-1
d, 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; Inside diameter of Y-globe valve mm  in. Figure 122.1.7-1
d, Nominal inside diameter of pipe mm in.  102.3.2(a)
d, Corroded internal diameter of run mm in.  104.34(g)(4) Figure 104.3.1-2
E Weld joint efficiency factor 104:1.2(a) Table 102.4.3f1
App. A Notes jand Tables
E Young’s modulus of elasticity (used with subscripts) MPa psi » 119.6.2 Tables C-1 and C-2
119.6.4 Table D-1
119.10.1[eqs. (18), (19)]
F Casting quality factor 104.1.2(a) App. A Notes fand
Tables
f Stress range reduction factor 102.3.2(b)[eq. (1)] .
h Subscript referring to run or header 104.3.1(d)(2) Figure 104.3.1-1
Figure 104.3.1-2
h Thread depth (ref. ASME B1.20.1) mm in. 102.4.2
Flexibility characteristic, to compute i, K Table D-1
Through-wall dimension (height) of.a flaw drawn normal mm in.  0-8(a)(2) Figure 0-8-1
to the inside pressure surface of-the component 0-8(a)(4) Table 0-9-1
Table 0-9-2
Table 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)
1 Lorenz equatien ‘compensation factor 102.4.5[egs. (3), (4),
(5), (6)]
i Stress intensification factor 104.8.1[eq. (15)] Table D-1
104.8.2[eq. (16)]
104.8.3[eq. (17)]
104.8.4(c)
j Subscript for resultant moment T0484(a)
K Factor for reinforcing area 104.3.1(g)(5) Figure 104.3.1-2
k Factor for occasional loads 104.8.2[eq. (16)]
k Flexibility factor Table D-1
L Developed length of line axis m ft 119.7.1(a)(3)
Ly Height of nozzle mm in.  104.8.4(c) Figure D-1
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)
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Units References
Symbol Definition SI  US. Paragraph Table/Fig./App.
4 Length of flaw, drawn parallel to the inside pressure- mm in.  0-8(a)(1) Figure 0-8-1
retaining surface of the component Table 0-9-1
Table 0-9-2
Table 0-9-3
M Moment of bending or torsional force (used with mm-N in.-lb 104.8.1[eq. (15)] Figure 104.8.4-1
subscripts to define applications as shown in 104.8.2[eq. (16)]
referenced paragraphs)
104.8.3[eq. (17)]
104.8.4(a)
104.8.4(c)
MAWP  Maximum allowable working pressure kPa psi 100.2
MSOP Maximum sustained operating pressure kPa psi 101.2.2
N Tlotal number of equivalent reference displacement stress 102.3.2(b)[eq. (2)]
range cycles
Ng Number of cycles of reference displacement stress range 102.3.2(b)[eq. (2)]
N; Number of cycles associated with displacement stress range 102.3.2(b)[eq. (2)]
NPS Nominal pipe size in. 100.1.2
P Ihternal design gage pressure of pipe, component kPa psi 102.3.2(a) Table D-1
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[eq. (15)]
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)
P, Pressure coincident with the occasional load being kPa  psi  104.8.2[eq. (16)]
evaluated
q; Ratio of computed stress range.other than reference range 102.3.2(b)[eq. (2)]
(S7) to computed reference stress range (Sg)
R Reaction moment in flexibility analysis (used with mm-N in.-lb 119.10.1[egs. (18), (19)]
subscripts)
R Centerline radius of elbow or bend, and effective “radius” mm in.  102.4.5(b) Table D-1
of miter bends 104.3.3(c)(3)(-a) Figure 102.4.5-1
129.3.4.1
Re Mean(radius after forming mm in.  1293.4.1
Ry (riginal mean radius mm  in. 129.3.4.1
R Mean radius of run pipe mm  in. Figure D-1
Table D-1
r Mean radius of pipe using nominal wall ¢, mm in. 104.3.3 Table D-1
ry Half width of reinforcement zone mm  in. 104.3.1(g)(4) Figure 104.3.1-2
ri, Iy, 3 Transition radii of branch reinforcement mm in. Figure D-1
rp Branch mean cross-sectional radius mm in. 104.8.4
ri Inside radius of branch mm  in. 104.8.4(c) Figure D-1
o Mean radius of branch mm  in. 104.8.4(c) Figure D-1
Table D-1
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Units References
Symbol Definition SI  US. Paragraph Table/Fig./App.
r, Radius of curvature of external curved portion mm in.  104.3.1(g)(2) Figure 104.3.1-2
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
Iy Outside radius of branch reinforcement mm  in. Figure D-1
Table D-1
Ty External crotch radius of welded-in contour inserts mm  in. App. D
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) App. A Tableq and Notes

S Separation between the outer extent of a flaw and the mm in.  0-8(a)(4) Figure 0-8-1
nearest surface

Sa Bolt design stress at atmospheric temperature kPa psi 104.5.1(a)

Sy 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(bj}{eg-(1)]
temperature

S¢ Allowable stress for flange material or pipe kPa  psi  104.5:(a)

Sh Basic material allowable stress at maximum (hot) MPa psi »102.3.2(b)[eq. (1)]
temperature 104.8.1[eq. (15)]

104.8.2[eq. (16)]
104.8.3[eq. (17)]
119.10.1[eq. (19)]
Sip Longitudinal pressure stress kPa psi 102.3.2(a)
104.8
Sa Allowable stress range for expansion stress MPa psi 102.3.2(b)[eq. (1)]
104.8.3[eq. (17)]
Sk Computed thermal expansion stress range MPa psi 102.3.2(b)
104.8.3[eq. (17)]
119.6.4
119.10.1[eq. (19)]

S. Longitudinal stress due to pressure, weight, and other MPa psi 102.3.2(a)(3)
sustained loads 104.8.1[eq. (15)]

SE Allowable stress (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) App. A Tableq 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) App. A Tableq and Notes

N Miter-spaecing-pipe-—eenterkine Table—p—

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 purchase 104.3.1(g)(4) Figure 104.3.1-2
specification, used with or without subscripts, .
namely 104.3.1(g)(6) Figure D-1

T}, = thickness of branch 104.8.4(c)
T}, = thickness of header, etc.
T, Crotch thickness of welded-in contour inserts mm in. Table D-1
T, Corroded finished thickness extruded outlet mm  in. 104.3.1(g)(4) Figure 104.3.1-2

104.3.1(g)(6)
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Units References
Symbol Definition SI  US. Paragraph Table/Fig./App.
t Pressure design thickness pipe, components mm in 104.1.2(a)[egs. (7), (8), Figure 104.3.1-2
(used with subscripts) (9), (10)] Figure 104.5.3-1
104.3.1(d)(2) Figure 127.4.8-4
104.3.1(g)(4)
104.3.3(c)(3)(-a)
104.3.3(c)(3)(-b)
104.4.1(b)
10442
104.5.2(b)[eq. (13)]
104.5.3(a)[eq. (14)]
104.5.3(b)
104.8.1
104.8.4(c)
127.4.8(b)
132.4.2(e)
ti Nominal wall thickness of reducer mm in Table D-1
te Throat thickness of cover fillet weld, branch connection mm in 127.4.8(b) Figure 127.4.8-4
132.4.2(e) Figure 127.4.8-5
t, Hffective branch wall thickness mm in 104.8.4(c)
tm Minimum required thickness of component, including mm in 104.1.2@)[egs. (7), (8), Table 102.4.5-1
allowances (c) for mechanical joining, corrosion, (9).010)] Table 104.1.2-1
etc. (used with subscripts), namely .
t,p = minimum thickness of branch 204.3.1(d)(2) Figure 104.3.1-1
t,»» = minimum thickness of header 104.3.1(e) Figure 104.3.1-2
104.3.1(g) Figure 127.4.2-1
104.3.3(c)(3)(-a)
104.3.3(c)(3)(-b)
104.4.1(b)
104.5.2(b)[eq. (13)]
104.5.3(a)
t, Nominal wall thickness of component (used with. mm in 102.3.2(a)(3) Figure 127.4.4-2
subscripts), namely 104.3.3 Figure 127.4.4-3
t,» = nominal wall thickness of branch .
t,n = nominal wall thickness of header 104.8.1[eq. (15)] Figure 127.4.8-4
t,» = nominal thickness of reinforcement 104.8.2[eq. (16)] Figure 127.4.8-5
104.8.4(c) Figure D-1
127.4.8(b) Table D-1
129.3.4.1
132.4.2(e)
t, Thickness of reinforcing pad or saddle mm in 104.3.1(d)(2) Figure 104.3.1-1
104.3.1(e) Table D-1
ts Wall thickness 'of segment or miter mm in 104.3.3(c)(3)
tw Weld thickness mm  in. 104.3.1(c)(2) Figure 127.4.8-7
U Anchor-distance (length of straight line joining anchors) m ft 119.7.1(a)(3)
w Weld-strength-reduetion—factor +02-4-5(b3 Fable—30247+
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
Y 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)[eqs. Table 104.1.2-1
(7, (8), (9), (1] App. A Notes to
Tables A-4, A-5,
A-6, A-7, and A-9
y Branch offset dimension mm in Figure D-1
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Units References
Symbol Definition SI  US. Paragraph Table/Fig./App.
A Section modulus of pipe mm?® in® 104.8.1[eq. (15)]
104.8.2[eq. (16)]
104.8.3[eq. (17)]
104.8.4(a)
104.8.4(c)
a Angle between axes of branch and run deg deg 104.3.1(d)(2) Figure 104.3.1-1
104.3.1(e)
a Reducer cone angle deg deg Table D-1
9 Mismatch or offset mm in. Table B:1
% Angle of miter cut deg deg 104.3.3 Table|D-1
6, Transition angle of branch reinforcement deg deg Figure D-1
> Equal to or greater than
< Equal to or less than
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MANDATORY APPENDIX H
PREPARATION OF TECHNICAL INQUIRIES

H-1 INTRODUCTION

The AS
will consi
revisions
dictatedb
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Introduct
sibility to
piping ing
inquiries
piping in
ASME do
item, con
according
be returng
on specifi
cation or
inquiry in
Committg
assistancq
mendatio

Inquirie
the Comnj

H-2 REQ

Inquirie
therulesq

ME B31 Committee, Code for Pressure Piping,
der written requests for interpretations and
of the Code rules, and develop new rules if
y technical development. The Committee's activ-
5 regard are limited strictly to interpretations of
rto the consideration of revisions to the present
the basis of new data or technology. The
on to this Code states “It is the owner's respon-
determine which Code Section is applicable to a
tallation.” The Committee will not respond to
requesting assignment of a Code Section to a
stallation. As a matter of published policy,
bs not approve, certify, rate, or endorse any
btruction, proprietary device, or activity, and,
ly, inquiries requiring such consideration will
d. Moreover, ASME does not act as a consultant
C engineering problems or on the general appli-
inderstanding of the Code rules. If, based on the
formation submitted, it is the opinion of the
e that the inquirer should seek professional
, the inquiry will be returned with the‘tecom-
h that such assistance be obtained.
sthatdonotprovide the information needed for
ittee's full understanding will"be returned.

UIREMENTS

s shall be limited strictly to interpretations of
r to the consideration’of revisions to the present

rules on the basis of new’data or technology. Inquiries

shall mee

(a) Scd
in the scoy
lated subj

[ the following requirements:

pe. Involve\a single rule or closely related rules
eofthe\€ode. Aninquiry letter concerning unre-
ectsewill be returned.

(b) Background. State the purpose of the inquitys;
may be either to obtain an interpretation of Code'ru
to propose consideration of a revision to the'préesent
Provide concisely the information needed fo
Committee's understanding of the nquiry, being
to include reference to the applicable Code Se
Edition, Addenda, paragraphs, figures, and tables. If
trations are provided, they shall*be limited to the sc
the inquiry.

(c) Inquiry Structure

(1) Proposed Quéstion(s). The inquiry shall be §
in a condensed and precise question format, o
superfluous baokground information, and, where
priate, composed in such a way that “yes” or “no” (pe
with pro¥isos) would be an acceptable reply. The in
statemént should be technically and editorially co

(2) Proposed Reply(ies). Provide a proposed
stating what it is believed that the Code requires
the inquirer's opinion, a revision to the Co
needed, recommended wording shall be provided in
tion to information justifying the change.

H-3 SUBMITTAL

Inquiries should be submitted in typewritten
however, legible handwritten inquiries will be consic
They shall include the name and mailing address
inquirer, and be mailed to the following address:

Secretary

ASME B31 Committee

Two Park Avenue

New York, NY 10016-5990
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rules.
r the
sure
rtion,
illus-
pe of

tated

itting
n;Ippro-

rhaps
quiry
Frect.
reply
L If in
de is
addi-

form;
lered.
bf the

264


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

(18)

ASME B31.1-2018

MANDATORY APPENDIX J
DELETED

265



https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

MANDATORY APPENDIX N
RULES FOR NONMETALLIC PIPING AND PIPING LINED WITH
NONMETALS

FOREWQRD

ASME B
cation, mg
operation
Experiend
for piping

31.1 contains rules governing the design, fabri-
terials, erection, test, examination, inspection,
, and maintenance of power piping systems.
e in the application of nonmetallic materials
systems has shown that a number of considera-

tions exist for the use of these materials that aj
addressed in the body of the Code. In order to ad
these, the requirements and recommendations fq
use of nonmetallic piping (exeept in paras. 1
108.4, 116, and 118) have been séparately asser]
in this Mandatory Appendixs

e not
dress
r the
05.3,
nbled
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Chapter N-I
Scope and Definitions

N-100 GENERAL

This Mandatory Appendix provides requirements for
the design, materials, fabrication, erection, testing, exam-
inatidn, and inspection of nonmetallic piping and metallic
piping lined with nonmetals within the jurisdiction of the
ASMH B31.1 Power Piping Code. All references to the Code
or to Code paragraphs in this Appendix are to ASME B31.1.
In this Appendix, nonmetallic piping shall be limited to
plastic and elastomer-based piping materials, with or
withdut fabric or fibrous material added for pressure re-
infor¢ement. Metallic piping lined with nonmetals shall be
limitdd to factory-made plastic-lined ferrous metal pipe,
fittings, and flanges produced to one of the product stan-
dardq 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 VI and in
Mandatory Appendices A through F are requirements
of thi$ Appendix only when specifically referenced hérein.

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

(a)| water service.

(b)| nonflammable and nontoxic liquid, dry material,
and sjurry systems.

(c) | other services.asspecifically listed in section N-122.

(d)| metallic piping lined with nonmetals. If used in
accorjdance 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-100.2 Definitions and Abbreviations

N-100.2.1 Terms and definitions relating to plastic and
other nonmetallic piping materials shall be in a}cordance
with ASTM D883. The following terms and definitions are
in addition to those provided-in"ASTM D883:

adhesive: a material designedto join two other chmponent
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 applying plies of
reinforcement saturated with resin to the surfaces to be
joined.

practices

ment that
ruction of
bments of

chopped roving: a collection of noncontinujous glass
strands gathered without mechanical twjist. Each
strand is made up of glass filaments bonded together
with a finish or size for application by choppér gun.

chopped strand mat: a collection of randomly oriented
glass fiber strands, chopped or swirled together with a
binder in the form of a blanket.

continuous roving: a collection of continuous glass strands
wound into a cylindrical package without mlechanical
twist.

N-I00-1-3—Nonmetailic piping SyStems sihail ot 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.

267

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 aliquid, that
reduces the concentration of a resin material to facilitate
handling characteristics and improve wetting.

(18)
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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 heavily filled paste material used to fill crevices
and transjtions between piping components.

heat fusion joint: a joint made by heating the surfaces to be
joined and pressing them together so they fuse and
become efsentially one piece.

hot-gas welded joint: a joint made by simultaneously
heating affiller material and the surfaces to be joined
with a str¢am of hot air or hot inert gas until the materials
soften, after which the surfaces to be joined are pressed
together gnd welded with the molten filler material.

hydraulic |design basis (HDB):

for reinforced thermosetting resins (filament wound or
centrifugdlly 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 hydEostatic 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 )2837. This method subjects the material to
tensile strfess for an extended period of time,‘and extrap-
olates the|creep results to estimate the tensile strength for
a 50-yr life.

hydrostatic design stress (HDS): the-éstimated maximum
tensile strfess in the wall of the(pipe in the circumferential
orientation due to internalthydrostatic pressure that can
be appliedl continuously.with a high degree of certainty
that failure of the pipe’will not occur. Estimated by
applying a designdactor, typically 0.5 for thermoplastics
in water gervice, te the HDB.

liner: a cogtinger layer of material, constructed as, applied

strength.

ultraviolet absorber: a material that, when combined in a
resin mixture, will selectively absorb ultraviolet radiation.

winding angle: the acute angle (6 in Figure N-100.2.1-1)
between the pipe longitudinal axis arid the helical winhding
of the reinforcing filament being wound around a mgndrel
to produce a filament-wound, fiber-reinforced thernposet-
ting resin pipe.

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 ip this
Appendix derfgte materials and terms as follows:

Abbreviation Term

to, or inserted-withintheinsidesurfaceefapipingcompe
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, for the purpose of enhancing leak
tightness.

ABS (1) Acrylonitrile-butadiene-styrene
AP Polyacetal

CP. Chlorinated polyether

CPVC (1) Chlorinated poly(vinyl chloride)
DS Design stress

FEP (1) Perfluoro(ethylene propylene)
HDB Hydrostatic design basis

HDPE High density polyethylene

HDS Hydrostatic design stress

PA (1) Polyamide (nylon)

PB Polybutylene

PE (1) Polyethylene

PFA Poly(perfluoroalkoxy)

POP Poly(phenylene oxide)

PP (1) Polypropylene

PPS Polyphenylene

PR Pressure rated

PTFE (1) Polytetrafluoroethylene

PVC (1) Poly(vinyl chloride)

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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(18) 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

/ A
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.]
must ens
and its m

(a) ten
modulus
and short]

(b) cre

(c) des

(d) coe

(e) dud

ESIGN CONDITIONS

General

.1 The design conditions of para. 101 shall
the design of nonmetallic piping systems,
noted below.

.2 The design of nonmetallic piping systems
ire the adequacy and suitability of material
hnufacture, considering at least the following:
bile, compressive, flexural, shear strength, and
bf elasticity at design temperature (long-term
-term)
ep characteristics for the service conditions
gn stress and its basis
fficient of thermal expansion
tility and plasticity

(f) imppct and thermal shock properties

(g) tenjperature limits for the service

(h) trapsition 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) the| effects on unprotected piping from external
heat sourges, including solar radiation

N-101.2

N-101.2.1 Basis‘for Design Pressure. For metallic
piping, desigm pressure is based on the maximum
sustained|operating pressure, in accordance with para.

Pressure

N-101.3 Temperature

ptallic
mum
with
fation
para.
aitions
itions
ity to
tions
hture.

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, ofboth above design con
are not permitted. It is the designer's responsibi
identify probable oceasional temperature varig
and to allow for thém in determining design temper
See para. N-102:2 4(a).

N-101.3:2 . Temperature Gradient Through
Because ‘somme nonmetallic piping materials hav
thermal’conductivity, there can be a significant tem
ture‘gradient through the component walls. Tah
102.2.1-1, Note (2) describes how this is conside}
determining allowable stresses for nonmetallic mat

Wall.
e low
pera-
le N-
ed in
brials.

N-102 DESIGN CRITERIA
N-102.1 General

These criteria cover pressure-temperature ratin
standard and specially designed components, allo
stresses, stress limits, and various allowances
used in the design of piping and piping componern

os for
able
to be
ts.

N-102.2 Pressure-Temperature Ratings for
Components

N-102.2.1 Components Having Specific Ratings

(a) Standard components have specific pres
temperature ratings established in accordance wif
standards listed in Table N-126.1-1. Other components
may be used in accordance with para. N-102.3[ The

sure-
h the

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 pressure, 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 determining design pressure. See para. N-
102.2.4(a).
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ratings of Table N-102.2.1-1, Table N-102.2.1-2, and
Table 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.


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

N-102.2.2 Components Not Having Specific Ratings

(a) Pipe and other piping components for which allow-
able stresses have been developed in accordance with
para. N-102.3, but 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 the range of temperatures for which stresses
are listed in Table N-102.2.1-1, Table N-102.2.1-2, and
Table N-102.2.1-3.

N-102.3 Allowable Stresses and Other Limits
N-102.3.1 Allowable Stress Values

(a) General Table N-102.2.1-1, Table N-102.2.1-2, and
Table N-102.2.1-3 list recommended maximum allowable
stresses in the form of hydrostatic design stresses (HDS),
allowable design stresses (DS), and the hydrostatic design
basis (HDB) that may be used in design calculations except
where modified by other provisions of this Appendix. The
Hse design-stresses—for-ealewlations other

(b)| Pipe and other piping components that do not have
allowpble stresses or pressure-temperature ratings shall
be qualified for pressure design as required in para. N-
104.7

N-]
nonn

02.2.3 Ratings: Normal Operating Condition. A
etallic 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
Code |for that particular part or component. The design
presgure and temperature shall not exceed the pres-
sure-temperature rating for the particular component
and rhaterial as defined in the applicable specification
or standard listed in Table N-126.1-1. For metallic
piping with nonmetallic lining, the rules of para.
102.243 apply, provided that the suitability of the lining
matejrial for the maximum anticipated coincident
tempeprature and pressure conditions has been estab-
lished through prior successful extensive experienge or
tests.

N-102.2.4 Allowances for Pressure and Temperature
Variations

(@)
press

are n
dent

Nonmetallic Piping. Allowanees for variations of
Lire, temperature, or both above design conditions
bt permitted. The most severe conditions of coinci-
ressure and temperature'shall be used to determine
the design conditions.

(b)| Metallic Piping Lined With Nonmetals. Allowances
for priessure and teniperature variations provided in para.
102.24 are permitted only if the suitability of the lining
matefial for £he increased conditions is established
through priohSuccessful extensive experience or tests
under comparable conditions.

...........................................
than pressure design has not been established,| The basis
for determining allowable stresses and prgssures is
outlined in (b). The allowable stresses are gtouped by
materials and listed for stated temperatures. Where suffi-
cient data have been provided, straight-line intgrpolation
between temperatures is permissible. The matetfials listed
are available from one or mere manufacturers,|/and some
manufacturers may publish somewhat diffgrent HDS
values for the materials’than the values listedl in Table
N-102.2.1-1, Tablé N-102.2.1-2, and Table N-{102.2.1-3.
The manufacturer's published values for thesel materials
are acceptable for use where they have been estgblished in
accordance'with (b) and verified in accordance with para.
N-104.7%.

(b)>Basis for Allowable Stresses for Internal Pressure

(1) Thermoplastics. A method of determinjng hydro-
static design basis (HDB) and pressure rating (PR) is
described in ASTM D2837, which also describgs applica-
tion of a design factor to the HDB to determine hydrostatic
design stress (HDS) and pressure rating (PR). Hydrostatic
design stresses are provided in Table N-102.2.]L-1, based
on HDB values listed in PPI TR-4 and design factors for
water from PPI TR-9. Design factors for other sdrvices are
also given in PPI TR-9.

(2) Reinforced Thermosetting Resin (Lami
laminated piping components, the design stress
listed in Table N-102.2.1-2. These typically are
one-tenth of the minimum tensile strengths sj
Table 1 of ASTM C582.

(3) Reinforced Thermosetting Resin (Filament
Wound and Centrifugally Cast). For filament wound and
centrifugally cast piping components, hydrostatic
design basis (HDB) values are listed in [Table N-
102.2.1-3. These values may be obtained by procedures
in ASTM D2992. HDS may be obtained by multiplying the
HDB by a service (design) factor® selected for the applica-

ated). For
s (DS) are
based on
ecified in

N b H HH IALL . H
=L LIVITo. VVIITIT WU STIVILTS

that operate at different pressure-temperature condi-
tions are connected, the valve segregating the two services
shall be rated for the most severe service conditions. Other
requirements of para. 102.2.5 must be considered where
applicable.
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tion, In accordance with procedures described in ASTM
D2992, within the following limits:

(-a) When using the cyclic HDB from Table N-
102.2.1-3, the service (design) factor shall not exceed 1.0.

! 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 (b)(3)(-b), it is not the intent of this Code to
specify service (design) factors.

(18)
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Table N-102.2.1-1 Hydrostatic Design Stresses (HDS) and Recommended Temperature Limits for Thermoplastic Piping

Components
Recommended
Temperature Limits
[Notes (1), (2), (3)] Hydrostatic Design Stress, S,, ksi [Note (6)], at
Minimum, Maximum, Hydrostatic
ASTM °F °F Design Basis, 73°F
Spec. No. Material [Note (4)] [Note (5)] ksi, at 73°F [Note (7)] 100°F 140°F 180°F
D2846, CPVC 4120 0 200 4.0 2.0 1.6 1.05 0.5
F441,
F442
D2513, PA32312 -20 180 2.5 1.25 1.1 0.8 063
F2145
D2104, PE2708 -30 140 1.60 0.80 0.64 0.4
Dz2239, PE3608 -30 140 1.60 0.80 0.64 0.4
D2447,
D2513, PE3708 =30 140 1.60 0.80 064 0.4
D2737, PE3710 =30 140 1.60 1.00 0.80 0.5
D3035 PE4708 -30 140 1.60 0.80 0.64 0.4
PE4710 =30 140 1.60 1.00 0.80 0.5
POP2125 30 210
[Note (8)]
PP [Note (8)] 30 210
D1785, PVC1120 0 100 4.0 2.0 1.2
D2241, PVC1220 0 100 4.0 2.0 12
D2513,
D2672 PVC2110 0 100 2.0 1.0 0.6
PVC2112 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 40 160
[Note (8)]
F491 PVDF 0 275
[Note (8)]

NOTES:

(1) These recommended limits are for low-pressure applications with water and other fluids that do not significantly affect the propertief of the
thermoplastic material. InCanservative practice, the upper temperature limits may be reduced at higher pressures depending on the r¢quired
service pnd expected life. hower temperature limits are affected more by the environment, safeguarding, and installation conditions than by
strength.

(2) Becausg¢ of low thferinal conductivity, temperature gradients through the piping component wall may be substantial. Tabulated limit§ apply
where more_than ‘half the wall thickness is at or below the stated temperature.

(3) These recommended limits apply only to listed materials. Manufacturers should be consulted for temperature limits on specific tyges and
kinds of materials not listed.

(4) Minimum for installation.
(5) Maximum for operation.
(6) The HDS 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 or the

manufa
(7) Use the
(8) Nonpre:

cturer for recommended design factors.
se hydrostatic design stress 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

Recommended Temperature

Limits Design
[Note (1)] Stress, S,
ASTM Minimum, Maximum, ksi
Spec. No. Type Resin Reinforcing °F °F Thickness, in. [Note (2)]
C582 I Polyester Glass fiber -20 180 All 0.9
Furan Carbon -20 180
Furan Glass Tiber =20 180
€582 11 Epoxy Glass fiber -20 180 Yo 0.9
A 1.2
e 1.35
%, and over 1.5
NOTES

(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, deperlding on the
refuired service and expected life. Lower temperature limits are affected more by the environment, safeguarding, and installatioh conditions

thhn by strength.

(2) THe design stress (DS) values are based on a design factor of 0.1 applied to the tested tensile strength of the pipe wall matefial, and are

applicable only in the temperature range of -~20°F through 180°F.

(-b) When using the static HDB from Table N-
102.2{1-3, the service (design) factor shall not exceed 0.5.
(-c) The evaluation of stresses in filament-wound
reinforced thermosetting resin pipe and fitting compo-
nentg must consider the different strengths in the
hoop|and axial directions of the material. For a 55-deg
filamgent-winding angle (which is typical for filament-
wourld pipe), the axial strength is approximately‘onhe-
half gf the hoop strength of the material. Foirgreater
windjng angles, the axial strength will be-even lower.
Figutte N-102.3.1-1 shows a typical axial strength
versuls hoop strength diagram for a filamient-wound mate-
rial. The data points for the axial strength at zero hoop
stresp and the axial strength dt the maximum hoop
stresg will need to be provided by a vendor for his/her
specific product, since n0 generic allowable stress
diagrpms currently exist, Note that for most filament-
wounld fiberglass produgts, the portion of the allowable
axial ptress available for weight, thermal expansion, and
occasfional loads‘will approach zero as the hoop stress
apprqaches the'maximum allowable limit for the material.
(-d)<The stress analysis of the filament-wound
pipe and fitting components must consider the simulta-

neous—axial and hoap stresses at each point in the piping
r r rr (=]

N-102.3.2 Limits of Calculated Stressg¢s Due to
Sustained Loads

(@) Internal Pressure Stresses. The limits for ftress due
to internal pressure are provided in para. N-1{04.1.2.
(b) External Pressure Stresses. Thermoplastic piping,
reinforced thermosetting resin piping, and metallic
piping lined with nonmetals, subject to external pressure,
shall be considered safe when the wall thickndss and/or
means of stiffening meet the requirements of para. N-
104.7.2.
(c) External Loading Stresses. Design of piging under
external loading shall be based on the followihg:
(1) For thermoplastic piping, see ASTM 02774 and
AWWA M23.
(2) Forreinforced thermosetting resin (RTR) piping,
see ASTM D3839 and AWWA M45.
(3) The allowable deflection for RTR an¢l thermo-
plastic pipe shall be not more than 5% of| the pipe
inside diameter.
(4) Where other nonmetallic piping is inended for
use under conditions of external loading due|to under-
ground installation, it shall be subject to a cijushing or
three-edge bearing test, in accordance with ASTM C14

system, and take into account any hoop stress, stress
intensification factors (SIFs), and axial stress SIFs that
may be applicable to a given component.

(-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
considerations.

or ASTM C301, and the allowable Toad 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.

N-102.3.3 Limits of Calculated Stresses Due to
Occasional 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
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Table N-102.2.1-3 Hydrostatic Design Basis (HDB) for Machine-Made Reinforced Thermosetting Resin Pipe

HDB Stress, S; [Note (1)],
at 73°F [Note (2)]

ASTM Material Cyclic, Static,
Spec. No. and Designation ksi 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
resin
D2996 filament wound Glass fiber No liner RTRP-11AD 5.0
reinforced epoxy RTRP-11AW 16.0
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 B
RTRP-12EU 12.p
No liner RTRP-12AD 5.0
RTRP-12AU 12.p
D2997 centrifugally cast Glass fiber Polyester resin liner, RTRP-22BT 10.p
reinforced polyester nonreinforced RTRP-22BU 12.5
resin
Epoxy resin,liner, RTRP-21CT 10.p
nonreinforced RTRP-21CU 12.b

NOTES:

(1) A servige (design) factor must be applied to the HDB values«to obtain the HDS.

(2) These HDB values apply only at 73°F. The standards coveried in this Table only require testing at 23°C (73°F), using ASTM D29p2 test
procedyires. ASTM D2992 makes provision for testing at highier temperatures, and manufacturers also usually test to higher temperatures. It
is the dpsigner's responsibility to verify that the manufacturer has test data covering the design temperature for the application, and that
pressurje-temperature ratings provided by the manufacturer reflect the service factor selected by the designer for the applicatipn.

(3) When ysing the cyclic design basis, the serviee factor shall not exceed 1.0.

(4) When ysing the static design basis, the service*factor shall not exceed 0.5.

occasional loads, such as wind erearthquake, shall not loads from supports, ice formation, backfill, or pther

exceed the limits in the applieable part of para. N- causes. Where increasing thickness will cause excg¢ssive

102.3.2. Wind and earthquake.forces need not be consid-
ered as acting concurréntly. (For nonmetallic piping,
anticipatdd transient pressure and temperature varia-
tions are hot considered occasional loads.)

(b) Tegt. Stresses’due to test conditions are not subject
to the linfitations in (a). It is not necessary to consider
other ocdasional loads, e.g., wind and earthquake, as

local stress or is otherwise impractical, the required
strength may be obtained through the use of additional
supports, braces, or other means without an incrpased
wall thickness. Particular consideration shoulld be
given to the mechanical strength of a small branch
connected to large piping or to equipment.

occurring concurrently with test loads.

N-102.4 Allowances

(a) Erosion, Corrosion, Threading, and Grooving. In
determining the minimum required thickness of a
piping component, allowances shall be included for
erosion and for thread depth or groove depth.

(b) Mechanical Strength. When necessary, pipe wall
thicknesses shall be increased to prevent overstress,
damage, collapse, or buckling due to superimposed

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

N-103 CRITERIA FOR PRESSURE DESIGN

The design of piping components shall consider the
effects of pressure, temperature, and other factors in
accordance with paras. N-102.2 and N-104.1 through
N-104.7, and provide for allowances in accordance
with para. N-102.4. In addition, the design shall be


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

(2)

hminated)

(3)

Figure N-102.3.1-1 Typical Allowable Stress Curve for Filament-Wound Reinforced Thermosetting Resin Pipe
Typical allowable
stress curve
from vendoyr
2 Portion of axial stress
g ] i} allowable limit that ma
« L7 be used for bending
° > stresses due to weight,
X s .
< s thermal expansieny and
I occasional loads
Y-
Curve of hoop ~—| . .
. Axial stress due to
stress versus e / internal pressure
axial stress due e f .
to internal - orgiven
e hoop-stress value
pressure 7
Hoop Stress
checKed for adequacy of mechanical strength under other -_ b
appli¢able loadings as required in paras. N-102.3.2 and N- 25,/P + 1
102.3.3. ) ) )
(2) For reinforced thermosetting resin (1
N-104 PRESSURE DESIGN OF COMPONENTS ¢ = D
. . 28,/P + 1
N-104.1 Straight Pipe

N-]
straig

where

c

04.1.1 The required minimum wall_thiekness of
ht sections of pipe, t,, shall be determined as

t t+ ¢

m

1)

h

= the sum of the mechanical allowances (thread or
groove depth), plus erosion and/or corrosion
allowance, and the)manufacturer's minus toler-
ance for prodtctiwall thickness, in. For threaded
componentss, the nominal thread depth shall
apply. Fermechanical surfaces or grooves
wher€ a tolerance is not specified, the tolerance
shall\be assumed to be 0.02 in. in addition to the
specified depth of the thread or groove.

pressure design thickness, in,, as calculated in

(3) For reinforced thermosetting resin
wound and centrifugally cast)

- D
25,F/P + 1
where
D = outside diameter of pipe, in.

(filament

4

F = service design factor in accordance with para. N-
102.3.1(b)(3)

P = internal design gage pressure, psi

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

tm

para. N-104.1.2 for internal pressure, or in accor-
dance with para. N-104.1.3 for external pressure
minimum required thickness, in.

N-104.1.2 Straight Pipe Under Internal Pressure

(@)

notle

The internal pressure design thickness, ¢, shall be
ss than that calculated with the following equations:

(1) For thermoplastic pipe

limitations shall be those established by the manufacturer,
considering both pressure and temperature limitations of
the metal housings and sealing ability 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.
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(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.

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-

(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 design is
established in accordance with para. N-104.7.

N-104.4 Closures

Closures in piping systems, e.g., those provided for

mining dESIgM pressure thickness for straight pipe
under exfernal pressure, the procedures outlined in
ASTM D2924 shall be followed. A safety factor of at
least 4 shpll be used.
(c) Metallic Pipe Lined With Nonmetals

(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 material shall be qualified as required by para. N-
104.7.

N-104.2

(a) Pip
a pipe be
straight p
(b) Elb
with par{
para. N-1
(c) Mit
requiremg

Curved and Mitered Segments of Pipe

e Bends. The minimum required thickness, t,,,, of
nd after bending shall be determined as for
pe in accordance with para. N-104.1.

pbws. Manufactured elbows not in accordance
. N-102.2.1 shall meet the requirements of
4.7.

ered Bends. Mitered bend sections shall meet the
bnts of para. N-104.7.

N-104.3 |Intersections

N-104.3
(a) Ge
weakene

Unless th
excess of

.1 Branch Connections

neral. A pipe having a brane¢hyeonnection is
d by the opening that mystbe made in it.
e wall thickness of the pipe is sufficiently in
that required to sustain the pressure, it is nec-
essary to |provide added reiriforcement. The amount of
reinforcement required shallbe in accordance with the
requirements of para~Ns104.7 except as provided in
(b) and (¢).

(b) Bnanch Cémnections Using Fittings. A branch
connectiop shallbe considered to have adequate strength
to sustain{theinternal and external pressure that will be
applied tolitifa firring (ntfpp lateral or r‘rncc) isutilized in

temporary or future [ateral or end-point brarches,
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

(a) General

(1) Nonmetallic flangesithat'are rated in accor
with published ASTM standdpds listed in Table N-12
shall be considered suitable for use within the limit
specified in this Appendix. Alternatively, flanges shal
accordance withpafa. 103 or may be designed in c
mance with therequirements of this paragraph or p4
104.7.

(2) Elanges for use with ring-type gaskets miy be
designed in accordance with 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 the ASME Code, gxcept
the following:

Hance
6.1-1
aitions
| bein
nfor-
ra.N-

P = design gage pressure

S, = bolt design stress at atmospheric temperfature
(bolt design stresses shall not exceed thg¢se in
Mandatory Appendix A)

S, = bolt design stress at design temperature|(bolt
design stresses shall not exceed thofse in
Mandatory Appendix A)

Sy = allowable stress for flange material from Taple N-

102.2.1-1, Table N-102.2.1-2, and Tablle N-
102.2.1-3

cable
ktend
lich a

rtype

(3) The flange design rules in (2) are not appl
for designs employing full-face gaskets that e
beyond the bolts. The forces and reactions in s
joint differ from those joints employing ring
gaskets, and the flanges should be designed in accorflance

accordance with para. N-102.2.1.

(c) Additional Considerations. The requirements of (a)
and (b) are designed to ensure satisfactory performance of
a branch connection subjected only to internal or external
pressure. The designer shall also consider the following:

(1) External forces and moments may be applied to a
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.
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with ASME BPVE, Sectiom Vi, Divistornr 1, Nonmmamdatory
Appendix Y. (Note that the plastic flange sealing surface
may be more irregular than the sealing surface of a steel
flange. For this reason, thicker and softer gaskets may be
required for plastic flanges.)

(b) Blind Flanges. Blind flanges shall be in accordance
with para. 103 or, alternatively, may be designed in accor-
dance with para. 104.5.2, except that the allowable
stresses for nonmetallic components shall be taken
from the data in Table N-102.2.1-1, Table N-102.2.1-2,


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

and Table 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.

N-104.7 Design of Other Components

N-]
comp|
listed|
with

N-}
nonni
prodt
tions
nents
throuy|
based
of thi
by on|
to ap
operd
and t

(a)
comp
tione
same

(b)
inclu
forat
of thd

For
sizes
amon|

onents manufactured in accordance with standards
in Table N-126.1-1 may be utilized in accordance
bara. N-102.2.1.

04.7.2 Unlisted Components and Products. For
etallic pressure-retaining components and piping
cts not complying with the standards and specifica-
istedin Table N-126.1-1, and for proprietary compo-
and joints for which the rules in paras. N-103
oh N-104.6 do not apply, pressure design shall be
on calculations consistent with the design criteria
Appendix and the Code. This must be substantiated
e or more of the following, with consideration given
plicable dynamic effects, e.g., vibration and cyclic
tion, the effects of thermal expansion or contraction,
he load effects of impact and thermal shock:
extensive successful service experience under
arable design conditions with similarly propor-
d components or piping elements made of the
or like material

performance tests under design conditions,
ling applicable dynamic and creep effects, continued
ime period sufficient to determine the acceptability
component or piping element for its_design life
either (a) or (b), reasonable interpolations between
and pressure classes, and reasonable analogies
o related materials, are pepmitted.

PART 3
SELECTION OF PIPING COMPONENTS

N-106 PIPE

Pip
ficati
limitd

e and tube’conforming to the standards and speci-
ns listed in Table N-126.1-1 shall be used within the
tions’ of para. N-124 and within any limitations

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.

N-107 VALVES

cifications
b specified

Valves conforming to the standards and'spe
listed in Table N-126.1-1 shall be used within th
pressure-temperature ratingsy Metallic valves
conforming to the standards and specificatipns listed
in Table 126.1-1, and used imnohmetallic piping, shall
be used within the specified’pressure-tenjperature
ratings.

N-107.2 Unlisted Valves

Valves not complying with para. N-107.1 sh|
design, or equial to the design, that the man
recommehds’for the service and that confo
para. N=104.7.2.

all be of a
ufacturer
rms with

PART 4
SELECTION AND LIMITATIONS OF PIPING JOINTS

N-110 GENERAL

Joints shall be suitable for the pressure-temperature
design conditions and shall be selected giving ¢onsidera-
tion to 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, joinf
bonding in accordance with para. N-127 and ex
accordance with para. N-136.4 may be used wi
limitations on materials and piping compone
Appendix.

s made by
amined in
thin other
hts in this

3 1 4] 1. 1.1 4o | | 4] 1
ImpoSea oy tireappircapie stantaras tIenseIves:

N-106 FITTINGS
N-106.1 Listed Fittings

Fittings made in accordance with the standards and
specifications listed in Table N-126.1-1 shall be used
within the limitations of para. N-124, within limitations
imposed by this Appendix or the body of this Code for
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N-111.2 Specific Limitations

N-111.2.1 Hot Gas Welded Joints. Hot gas welded
joints shall not be used for B31.1 nonmetallic pressure
piping.

N-111.2.2 Butt-and-Wrapped Joints. Butt-and-
wrapped joints in RTR piping shall be made with sufficient
strength to withstand the design pressure and external
loadings.


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

N-112 FLANGED JOINTS

(a) 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:

(1) 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

(d) Threaded piping joints are not permitted in poly-
olefin materials,? because of creep characteristics that
must be considered.

(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:

flange. Balting torque shall be limited so that excessive
loads will not be imposed on the lower-rated flange in
obtaining|a tight joint.

(2) Metallic to Nonmetallic Flanged Joints. Where
metallic and nonmetallic flanges are to be joined, both
should be flat-faced. Full-faced gaskets are preferred. If
full-faced|gaskets are not used, bolting torque shall be
limited sd that the nonmetallic flange is not overloaded.

N-113 E)

Expand
tallic pipi

KPANDED OR ROLLED JOINTS

ed or rolled joints are not permitted in nonme-
g systems.

N-114 T

N-114.1

N-114.]
quiremen
componel
below.

N-114.1.2 Threaded joints shall be avoided-in any
service where severe erosion or cyclic loading may
occur, unjess the joint has been specifically designed
for these fonditions.

N-114.1
seal weld

N-114.1
loads on
stresses d
operation|

N-114.
nonmetal
NPS 2% 4

HREADED JOINTS
General Limitations

.1 Threaded joints may be used within the re-
[s for materials in Chapter N-III, and on piping
tsin Part 3 of Chapter N-Il within the limitations

.3 Where threaded joints @re designed to be
bd, thread-sealing compaound shall not be used.

.4 Layout of piping-sheuld minimize reaction
hreaded joints, giving special consideration to
e to thermal eXpansion or contraction and the
of valves.

|.5 Metallic-to-nonmetallic and dissimilar
ic threaded joints are not permitted in piping
nd. larger.

ends
depth

(a) Threads shall be factory cut or molded on pip¢
and in matching fittings, with allowance for thriead
in accordance with para. N-104.1.1.

(b) Threading of plain ends of piping is not perny
except where such male threads are limited to the fur
of forming a mechanical lock withomatching fg
threads during bonding.

(c) Factory cut or molded thredded nipples, coup
or adapters bonded to plaiend components may bg
where necessary to proyvide connections to thrg
metallic piping.

itted,
iction
male

lings,
used
aded

N-115 FLARED. LINING JOINTS FOR METALL
PIPING LINED WITH NONMETALS

The following apply:

(a)~Welding. Welding is not permitted on lined cd
nentsin the field. Welding performed by the manufa
toproduce pipe, fittings, and flanges to be used for jo
elastomeric-lined piping systems shall be performed
to maintain the continuity of the lining an
serviceability.

(b) Flared Linings

(1) General. Flared ends of linings made in {
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.

IC

mpo-
turer
ntsin
so as
d its

ccor-
used,

ted to
f the

N-116 BELL END JOINTS
Paragraph 116 applies.

N-118 PROPRIETARY JOINTS

Metal coupling, mechanical, gland, and other pr¢prie-

fnry}'nihfc may beusedwithin the limitations on matlerials

N-114.2 Specific Limitations

N-114.2.1 Thermoplastic Piping. Threaded joints in
thermoplastic piping shall conform to the following
requirements:

(a) Thepipe wall shall be atleast Schedule 80 thickness.

(b) Pipe threads shall conform to ASME B1.20.1 NPT.
Threaded fittings shall be compatible with that standard.

(c) A suitable thread lubricant and sealant shall be
specified.

278

in Part 3 of this Chapter.

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
strain imposed by the restraint of thermal expansion

(c) unacceptable stresses or distortion in the piping or
in connected equipment

N-119.5.2 Where nonmetallic piping and components
are used, piping systems must 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, the terminal connections, and for the techni-
ques outlined in para. 119.5.1. Further information on

or coptraction, and by external movements, applies in
principle to nonmetals. Nevertheless, the assumption
that §tresses can be predicted from these strains in a
nonnletallic piping system, based on the linear elastic
chardcteristics of the material, is generally not valid.
The vhriation in elastic characteristics between otherwise
similar material types, between source manufacturers,
and hetween batch lots of the same source material
can dt times be significant. If a method of flexibility
analysis that assumes elastic behavior is used, the
designer must be able to demonstrate its validity for
the system and must establish conservative limits for
the computed stresses.
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19.1.2 Overstrained Behavior. Stresses cannot be
dered proportional to displacement strains in
etallic piping systems where an excessive level of
n may be produced in a localized area of the
m, and in which elastic behavior of the piping mate-
uncertain (see unbalanced systems in para. 119.3)
train must be minimized by effective system routing
er to avoid the necessity of a requirement for special
or expansion devices for accommodating(excessive
cements.

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 progréessive deformation that may
occur{upon repeated thefmal cycling or under prolonged
expoqure to elevated-femperature.
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19.1.4 Brittle Failure. In brittle thermosetting
5, the materials are essentially rigid in behavior
hay readily develop high-displacement stresses, to
int©fsudden breakage or fracture, under moderate
of’strain.

the design of thermoplastic piping can be foynd in PPI
TR-21.

N-119.5.3 For metallic piping lined |with n
the designer must consider the integrity of
in designing for piping flexibility)This is a spec
eration for linings less flexible’than the metal
e.g., glass or ceramics.

onmetals,
the lining
al consid-
lic piping,

N-119.6 Properties‘for Flexibility Analygis

N-119.6.1 Thermal Expansion Data. Table
1 lists coefficients of thermal expansion fd
nonmetallic materials. More-precise values
instances\ay be obtained from the manufa
these miaterials. If the values are to be used
analysis, the thermal displacements shall be d
as\indicated in para. 119.

N-119.6.2 Modulus of Elasticity. Table N
lists representative data on the tensile modul
ticity, E, for several nonmetals. More-precise
some instances may be obtained from the mater
facturer. (Note that the modulus may vary with the geome-
trical orientation of a test sample for filler-reinforced,
filament-wound, or impregnated nonmetallic thaterials.)
For materials and temperatures not listed, rgfer to an
authoritative source, e.g., publications of thq National
Institute of Standards and Technology.

N-119.6.1-
r several

in some
cturers of
in stress
ptermined

119.6.2-1
s of elas-
values in
als manu-

N-119.6.3 Poisson's Ratio. For nonmetals,|Poisson's
ratio will vary widely, depending upon materials 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 specifiq Poisson's

ratio for that application.

tness and
edin flex-

N-119.6.4 Dimensions. The nominal thicl
outside diameters of pipe and fittings shall be us

N-119.5 Flexibility

N-119.5.1 Piping systems shall have sufficient flex-
ibility to prevent the effects of thermal expansion or
contraction, the movement of pipe supports or terminal
points, or pressure elongation from causing

(a) failure of piping or supports from overstrain or
fatigue

(b) leakage at joints

279

IDIITYy Calculations.

N-119.6.5 Metallic Pipe Lined With Nonmetals.
Flexibility and stress analysis for metallic pipe lined
with nonmetals shall be in accordance with para. 119,
except that any limitations on allowable stresses or
moments recommended by the manufacturers of the
lined pipe shall be observed.
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Table N-119.6.1-1 Thermal Expansion Coefficients, Nonmetals

Mean Coefficients, Mean Coefficients,
U.S. Customary Units Metric Units
Material Description 107° in./in./°F Range, °F 107°* 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 0449
PE3608 90 32-120 162 0-49
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
Polypropylgne 43 77.
Poly(vinylidine chloride) 85 153
Poly(vinylidine fluoride) 100 180
Reinforced Thermosetting Resins
Epoxy-glasq, centrifugally cast 9-13 16-23.5
Epoxy-glasq, 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 manufactyrers.
N-119.7 IAnal_ysis N-119.7.3 Special attention shall be given to movement
. . (displacement or rotation) of the piping with respgct to

N-119.7.1 Formal stress analysis {&not required for supports and points of close clearance. Movements of a
systems that . . o run at the junction of a small branch shall be consiflered

(a) are|duplicates, or replacleme.nts Wlth_OUt significant in determining the need for flexibility in the brangh.
change, of successfully operating installations
prg’}wf;ﬂri‘;‘yﬁg’;‘;sgtzfnasdjfuate by comparisonwith \ 190 | OADS ON PIPE-SUPPORTING ELEMENTS

(c) arefrouted with-a conservative margin of inherent Paragraph 120 applies.
flexibility, or empl@y’joining methods or expansion joint

devices, of a cembination of these methods, in accordance
with the gpplicable manufacturer's instruction

N-121 DESIGN OF PIPE-SUPPORTING ELEMTNTS
N-121.1 General

N-119.7.2 A substantiating stress analysis is required
for a system not meeting the above criteria. The designer
may demonstrate that adequate flexibility exists by
employing a simplified, approximate, or comprehensive
stress analysis, using a method that can be shown to
be valid for the specific case. If essentially elastic behavior
can be demonstrated for a piping system (see para. N-
119.1.1), the methods outlined in para. 119 may be
applicable.

In addition to the other applicable requirements of
paras. 120 and 121, supports, guides, and anchors
shall be selected and applied to comply with the require-
ments of para. N-119 and the following:

N-121.1.1 Support or restraint loads shall be trans-
mitted to piping attachment or bearing points in a
manner that will preclude pipe-wall deformation or
damage. Padding or other isolation material should be


https://asmenormdoc.com/api2/?name=ASME B31.1 2018.pdf

ASME B31.1-2018

Table N-119.6.2-1 Modulus of Elasticity, Nonmetals
E, ksi (73.4°F) E, MPa (23°C)

with time, shall be considered where applicable. The coef-
ficient of thermal expansion of most plastic materials is
high and must 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

Material Description [Note (1)] [Note (1)]

Thermoplastics
PVC Type 1120 420 2895
PVC Type 2116 360 2485
CPVC 4120 420 2895
PE2708 100 690
PE36(8 125 860
PE37(Q8 125 860
PE3710 125 860
PE47(8 130 897
PE4710 130 897
Polypropylene 120 825
Poly(inylidene chloride) 100 690
Poly(¢inylidene fluoride) 194 1340
Thermosetting Resins, Axially

Reinforced
Epoxytglass, centrifugally cast 1,200-1,900 8275-13100
Epoxytglass, filament-wound 1,100-2,000 7 585-13 790
Polyedter-glass, centrifugally cast 1,200-1,900 8275-13100
Polyedter-glass, filament-wound 1,100-2,000 7 585-13 790
Polyedter-glass, hand lay-up 800-1,000 5515-6 895
Other]
Hard fubber (Buna N) 300 2070

NOTE:| (1) The modulus of elasticity values for thermdsetting resin
pipe atfe given in the longitudinal direction; different valiies may apply
in the [circumferential or hoop direction. The modulus of elasticity
valueg for thermoplastic resin pipe are temperature-dependent
and stress-time related. In all cases for\materials listed in this
Table| manufacturers shall be consulted for specific product
informfation.

installed in support or,festraint clearance spaces for
added protection.

N-121.1.2 Valves)and in-line components should be
indegendently supported to prevent the imposition of
high load effects on the piping or adjacent supports.

N-121.1"3 Nonmetallic piping should be guarded
wherne Such systems are exposed to casual damage

pipe, AWWA Manual M23 outlines applicafle design
procedures for water utility service. FonAWWA C950
RTR pipe, AWWA Manual M45 outlines_similar proce-
dures. It is the designer's responsibility to Verify that
the procedures are applicable for other seryices and
piping materials. Minimum pipe stiffness for(RTR pipe
shall meet the requirementsof AWWA C950 for $% deflec-
tion. The minimum stiffness/shall be determiped at 5%
deflection using thezapparatus and proc¢dures of
ASTM D2412.

N-121.12.2 [nstallation. The pipe manufactpirer's rec-
ommendations{shall be equal to or more strirjgent than
those described in ASTM D3839 for RTR pipgq 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 and 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 se¢ction. 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 nse or application of

terials in

from traffic or other work activities.

N-121.1.4 A manufacturer's recommendations for
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,

this Appendix apply to pressure-containing parts. They do
not apply to the use of materials for supports, linings,
gaskets, or packing.

N-122.7 Piping for Flammable or Combustible
Liquids
N-122.7.1 Polyethylene (PE) and reinforced thermo-
setting resin (RTR) pipe may be used for flammable or

combustible liquids in buried installations only. The
fluid temperatures shall not exceed 140°F (60°C) and
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pressures shall be limited to 150 psi (1000 kPa).
Particular care must be exercised to prevent damage
to RTR piping at 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 contraction.

RTR piping may terminate above ground and outside a

be below -20°F (-30°C), and pressures shall be limited
to 100 psi (690 kPa). Pipe joints shall be heat fused in
accordance with a Bonding Procedure Specification
meeting the requirements 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

building, previded—that of - -
] . para. N-104.7.2, 1n addition to the materials limifation
(a) the abovegrgund portlop of the RTR pipe is com- requirements of para. N-124.9.
pletely enclosed in a conduit or casing of sufficient
strength to provide protection from external damage N-122.9.2 Aboveground nonmetallic pipingconyeying
and deterjioration. Where a flexible conduit is used, the corrosive or hazardous fluids shall be\installed in a
top of th¢ riser must be attached to a solid support. ~ guarded manner that will prevent’damage dpring
The condfit or casing shall extend a minimum of 6 in. construction, operation, or service,
below grade. . , . N-122.9.3 For metallic piping lined with nonmetals
(b) the|RTR pipe 15 not subjected to excessive stresses used to convey corrosive gor-hazardous liquids or |gases
due to exfernal loading, in accordance with para;»122.9, the design shall|meet

N-122.8 |Piping for Flammable Gases, Toxic Gases
or Liquids, or Nonflammable Nontoxic

Gases

N-122.J!
natural g
fluid tem

.1 Polyethylene (PE) pipe may be used for
as service in buried installations only. The
peratures shall not exceed 140°F (60°C) nor

the requirements of para. N-104.7.2.
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Chapter N-llI
Materials

N-12B GENERAL REQUIREMENTS

Paragraph N-123 provides limitations and qualifica-
tions|for materials based on their inherent properties.
The fise of these materials in piping may also be
subject to requirements and limitations in other parts
of thg Code.

N-12B.1 Materials and Specifications

N-123.1.1 Listed Materials. Listed materials used in
pressure-containing piping shall have basic allowable
stresjes and other design limits as covered in para. N-
102.3.

N-123.1.2 Unlisted Materials. Unlisted materials used
in pr¢ssure-containing piping shall have basic allowable
stres§es and other design limits as covered in para. N-
102.3 or on a more conservative basis. Unlisted materials
shall pe qualified in accordance with the requirements of
para.|N-104.7.2.

N-123.1.3 Unknown Materials. Materials of unknown
specification or standard shall not be used.

N-IZE LIMITATIONS ON MATERIALS
N-12

The designer shall determine that materials that meet
other|requirements of this Appendix are suitable for the
fluid gervice throughout the)operating temperature range
of thg systems in whi¢h-the materials will be used.

.1 Temperature Limitations

N-124.1.1 Thermoplastic Piping Components. Table
N-102.2.1-1 provides hydrostatic design stresses (HDS)
and recommended temperature limits for thermoplastic
piping components.

N-124.1.2 Laminated Reinforced Thermosetting

N-124.1.4 Notes for Table N-102.2.1<}; [Table N-
102.2.1-2, and Table N-102.2.1-3. The pasis for setting
minimum and maximum temperatures varie§ with the
different tables, as noted in the Notes for each table.

N-124.1.5 Upper Temperature Limitations

(a) The maximum desigl temperature for a listed
material shall not exceed maximum temperatures
listed in Table N-102<2.1-1, Table N-102.2.1-2, and
Table N-102.2.1-3<as applicable, except as piovided in
para. N-102.31,

(b) An urlisted material acceptable under para. N-
123.1.2 shall*have upper temperature limits eptablished
in accordance with para. N-102.2.

N-124.1.6 Lower Temperature Limitations

(a) The minimum design temperature for alisted mate-
rial shall not be lower than the minimum tenjperatures
listed in Table N-102.2.1-1 and Table N-103.2.1-2, as
applicable, except as provided in para. N-102.1(a).

(b) An unlisted material acceptable under para. N-
123.1.2 shall have lower temperature limits eftablished
in accordance with the manufacturer's recommendation
but in no case less than -20°F.

N-124.9 Installation Limitations for Nonmetallic
Piping
N-124.9.1 General

(a) Nonmetallic materials shall be guardgd against
excessive temperature, shock, vibration, pulsation, and
mechanical abuse in all fluid services.

(b) Requirements in this paragraph apply to[pressure-
containing parts. They do not apply to materials used for
supports, gaskets, or packing.

Resin Piping Components. Table N-102.2.1-2 provides
design stresses (DS) and recommended temperature
limits for laminated reinforced thermosetting resin
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 for
machine-made reinforced thermosetting resin pipe.

N-124.9.2 Thermoplastics

(a) Thermoplastics shall not be used in flammable fluid
service aboveground, unless all of the following are met:
(1) Thesize ofthe piping does notexceed 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 (RTR)
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 naontavie noanflaymaahla
a—H—otheF—ttha R ohRtoxie— o ammante;

liquid service, RPM piping shall be installed in a
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