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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

powe

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

than some

other
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still s
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devel
Thd

piping codes, reflecting the need for long service life and maximum reliability in power plant instal
e Power Piping Code as currently written does not differentiate among the design, fabrication, and et
ments for critical and noncritical piping systems, except for certain stress calculations and mandator]

w to evaluate criticality, and to avoid the inference that noncritical systems do not requise competence
ation, and erection. Someday such levels of quality may be definable, so that the need forthe many differ
will be overcome.

bre are many instances where the Code serves to warn a designer, fabricator, orserector against possib
ver, the Code is not a handbook and cannot substitute for education, experience;and sound engineering
hmandatory Appendices are included in the Code. Each contains information.orfa specific subject, and is iy
ht with the Code. Although written in mandatory language, these Appendicésiare offered for application at
tion.

t Code never intentionally puts a ceiling limit on conservatism. A desighér is free to specify more-rigid req
she feels they may be justified. Conversely, a designer who is eapable of applying a more complete an
Kis consistent with the design criteria of this Code may justify dmethod different from that specified in the
atisfy the Code requirements.

e Power Piping Committee strives to keep abreast of the'current technological improvements in new
ation practices, and testing techniques; and endeavorste keep the Code updated to permit the use of accey
bpments.
b 2020 edition of ASME B31.1 was approved by the American National Standards Institute on June 1
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The ASME B31 Code for Pressure Piping consists of a
number of individually published Sections, each an Amer-

INTRODUCTION

ed for application of specific requirements for
various types of pressure piping. Applications considered

for egch Code Section include

B31{1

B31{3

B31i4

B31}5

B31{8

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

Process Piping: piping typically found in
petroleum refineries; onshore and
offshore petroleum and natural gas
production facilities; chemical,
pharmaceutical, textile, paper, ore-
processing, semiconductor, and cryogenic
plants; food- and beverage-processing
facilities, and related processing plants
and terminals

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

Refrigeration Piping .and Heat Transfer
Components: (piping for refrigerants and
secondary,coolants

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

This is the B31.1 Power Piping Code Section.

Hereafter,

in this Introduction and in the text of this Code Section

tification, it means this Code Section.

[tis the owner’s responsibility to selectthe .o
that most nearly applies to a proposed piping in
Factors to be considered by the owneninclude 1
of the Code Section, jurisdictional requirement
applicability of other codes ard-standards. All
requirements of the selectéd Code Section sh3
For some installations, more than one Code S¢
apply to different parts_of the installation. Thg
also responsible for imposing requirements sy
tary to those of the)selected Code Section, if ne
assure safe piping for the proposed installatig

Certain/piping within a facility may be subje
codes and standards, including but not limite

- ASME Boiler and Pressure Vessel Code, S
nuclear power piping

- ANSI1Z223.1/NFPA 54 National Fuel Gas Co
for fuel gas from the point of delivery to the con
each fuel utilization device

- NFPA Fire Protection Standards: fire p
systems using water, carbon dioxide, halon,
chemicals, and wet chemicals

- NFPA 85 Boiler and Combustion System
Code

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

The Code specifies engineering requirement
necessary for safe design, construction, oper
maintenance of pressure piping. While safety i
riding consideration, this factor alone will not n

cific iden-

de Section
stallation.
mitations
s, and the
hpplicable
11 be met.
ction may
owner is
pplemen-
essary, to
n.
't to other
| to
ection III:

de: piping
nection of

rotection
foam, dry

5 Hazards

rable, for
hnd drain

s deemed
htion, and
the over-
ecessarily

govern the final specifications for any piping istallation

or operation. The Code is not a design handb
decisions that must be made to produce a s
installation and to maintain system integrity are
fied in detail within this Code. The Code does nof

ok. Many
hfe piping
not speci-
serveasa

B31.9

B31.12

Building Services Piping: piping typically
found in industrial, institutional,
commercial, and public buildings, and in
multi-unit residences, which does not
require the range of sizes, pressures, and
temperatures covered in ASME B31.1

Hydrogen Piping and Pipelines: piping in
gaseous and liquid hydrogen service, and
pipelines in gaseous hydrogen service

Xiii

SUDSTITUTE fOT SOUNd engineering jJudgment by
and the designer.

the owner

To the greatest possible extent, Code requirements for
design are stated in terms of basic design principles and
formulas. These are supplemented as necessary with spe-
cific requirements to ensure uniform application of prin-

ciples and to guide selection and application
elements. The Code prohibits designs and

of piping
practices

known to be unsafe and contains warnings where

caution, but not prohibition, is warranted.

(20)
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The Code generally specifies a simplified approach for
many of its requirements.

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

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

adequatefer—the—ownerto—verifythevalidity-ef-the Seetions—thusfacilitating reference-by-these—whe have

approach and shall be approved by the owner. The occasion to use more than one Section.

details shpll be documented in the engineering design. The Code is under the direction of ASME €omrhittee
For opdration and maintenance, an owner may choose B31, Code for Pressure Piping, which is organizefl and

to use a mpre rigorous approach to develop operation and operates under procedures of The American Socigty of

maintenance requirements. When the owner decides to Mechanical Engineers that have been accredited Qy the

take this ppproach, the owner shall provide details and
calculations demonstrating that such alternative practices
are consigtent with the general philosophy of the Code.
The detadfils shall be documented in the operating
records and retained for the lifetime of the facility.

This Code Section includes the following:

(a) refgrences to acceptable material specifications
and compgpnent standards, including dimensional require-
ments angl pressure-temperature ratings

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

(c) reqpirements and data for evaluation and limitation
of stressds, reactions, and movements associated with
pressure, temperature changes, and other forces

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

(e) requirements for the fabrication, assembly;, and
erection df piping

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

(g) redquirements for operation and\maintenance of
piping sygtems

Either U.S. Customary (USC) or International System (SI,
also known as metric) units maybe'used with this edition.
Local cusfomary units may alse’be used to demonstrate
compliange with this Codé’One system of units should be
used consjistently for reqiiirements applying to a specific
installatiqn. It is theresponsibility of the organization
performiphg calculations to ensure that a consistent
system of| units-is used.

Itis intgnded that this edition of Code Section B31.1 not

American National Standards Institiite. The Comrhittee
is a continuing one, and kéeps all Code Sections
current with new developnfents in materials, congtruc-
tion, and industrial practice.New editions are published
at intervals of two to five years.

When no Section.ofithe ASME Code for Pressure Fiping
specifically coversdpiping system, at the user’s discretion,
he/she may seléctany Section determined to be generally
applicable. However, it is cautioned that supplemgntary
requirentents to the Section chosen may be necessary to
providéfor a safe piping system for the intended applica-
tion*\Technical limitations of the various Sections| legal
requirements, and possible applicability of other fodes
or standards are some of the factors to be consiflered
by the user in determining the applicability off any
Section of this Code.

The Committee has established an orderly proced
consider requests for interpretation and revision of
requirements. To receive consideration, inquiries m
in writing and must give full particulars|(see
Mandatory Appendix H covering preparation of technical
inquiries). The Committee will not respond to inqpuiries
requesting assignment of a Code Section to a piping instal-
lation.

The approved reply to an inquiry will be sent dire¢tly to
the inquirer. In addition, the question and reply will be
published on the ASME Interpretation Database.

A Caseisthe prescribed form of reply to an inquiry
study indicates that the Code wording needs clarifi
or when the reply modifies existing requirements pf the
Code or grants permission to use new materials or|alter-

lire to
Code
st be

when
ation

be retroactive. Unless agreement is specifically made
between contracting parties to use another edition, or
the regulatory body having jurisdiction imposes the
use of another edition, the latest edition issued at least
6 months prior to the original contract date for the
first phase of activity covering a piping system or
systems shall be the governing document for all
design, materials, fabrication, erection, examination,
and testing for the piping until the completion of the
work and initial operation.

Xiv

native constructions. The Case will be published on the
B31.1 web page at http://cstools.asme.org/.

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

Materials are listed in the stress tables only when sulffi-
cient usage in piping within the scope of the Code has been
shown. Materials may be covered by a Case. Requests for
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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.)

Requests for interpretation and suggestions for revision
should be addressed to the Secretary, ASME B31
Committee, Two Park Avenue, New York, NY 10016-5990.

XV
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ASME B31.1-2020
SUMMARY OF CHANGES

Following approval by the ASME B31 Committee and ASME, and after public review, ASME B31.1-2020 was approved by
the Amerjcan National Standards Institute on June 10, 2020.

ASME B31.1-2020 includes the following changes identified by a margin note, (20).

Page Location Change
xiii Introduction (1) Descriptions of B31.1, B31.3, B31.4, and'B31.9 updated
(2) Paragraph after (g) added
(3) Eighteenth through 20th paragraphs revised
100 Second paragraph revised
100.1 (1) In para. 100.1.1, second,paragraph revised
(2) In para. 100.1.2, paragraph after (a)(3) revised
(3) In para. 100.1.4, title added
(4) Paragraph 100.1.5'added

2 Figure 100.1.2-1 Title, figure, anddegend revised
3 Figure 100.1.2-2 Title, figure,.ahd legend revised
4 Figure 100.1.2-3 Figure and,legend revised
5 Figure 100.1.2-4 Figure and legend revised
6 Figure 100.1.2-5 Legend revised
7 Figure 100.1.2-6 Eigure and legend revised
8 Figure 100.1.2-7 Legend revised
9 Figure 100.1.2-8 Added
7 100.2 (1) Definition of covered piping system (CPS) revised

(2) Definitions of ferrous material; indication, linear indication;

indication, rounded indication; maintenance; nonferrous;
postweld hydrogen bakeout; and volumetric examination adfled

16 101.1 Revised
16 101.2.6 Added
16 101.3:2 In subpara. (a), last sentence added
16 101:3.3 Added
17 101.4.3 Added
17 +64-5-5 Added
18 101.9 Added
18 102.2.4 Second paragraph revised
19 102.3.2 Title and subparas. (a), (a)(1), and (b)(1) revised
25 104.1.2 (1) Title revised by errata

(2) Subparagraph (a) revised
27 104.3.1 Subparagraphs (c)(2) and (f) revised
33 104.3.3 First paragraph and subparas. (c)(3)(-a) and (c)(3)(-b) revised
35 104.7.2 Subparagraph (d) revised

XVi
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Page
36
37
36
37
37
38
38

Location

104.8

Figure 104.8-1
104.8.1

104.8.2

104.8.3

104.8.4

Figure 104.8.4-1

Change

Revised

Added

Revised

Revised

Revised

Revised in its entirety
Deleted

40
43

46
46
46
47
49
54
55

57
59
60
61
61
61

62
70

70
72
74
74
74
82

107.8.3
Table 112-1

114.2.1
114.2.2
114.2.3
119.2

119.7.3
121.8.2
122.1.2

122.1.7
122.2

122.3.1
123.3.3
122.3.4
122.3.6

122.4
123.1.6

123.3

124.10
Chapter-1V
126

126.1

Table 126.1-1

Subparagraph (e) revised

(1) Under “Gaskets,” (d)(1), (d)(2), (d)(3), (h)(1),‘(h)(2)
(D (1), and (i)(2) revised

(2) Notes (1), (9), and (11) revised

Title added

Title added

Title added

Revised

First and second paragraphs‘and footnote 4 revised

Subparagraph (b) reyised

Subparagraph (a) made regular text and (1) through (1
redesignated as)(a) through (e)

—

Subparagraphs™(a)(2) and (d) revised

Subparagraph (b) revised

First paragraph revised

Revised

Subparagraphs (a) and (c) revised

Subparagraph (a) made regular text and (1) through (1
redesignated as (a) through (e)

—

Subparagraph (a)(9) revised

M)

(1) Subparagraphs (a), (b), and (d) [formerly (c)] revised

(2) Subparagraph (c) added and subsequent paragraph
redesignated

Revised

Revised in its entirety

Title revised

Title revised

Revised

(1) ASME B16.1 title revised
(2) ASME B16.36, ASME B18.31M, ASME B18.31.2, ASME

74
84
84
84
84

126.4

Figure 127.3-1
127.3

127.4.1
127.4.2

Component Specifications list, and Note (2) added

(3) Notes (1) and (2) redesignated as Notes (3) and (1),
respectively

Added

SI equivalencies revised

Subparagraphs (c) and (e) revised

Subparagraph (d) revised

SI equivalencies in subparas. (b)(4) and (c)(3) revised

Xvii

B31P,
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Page
85

85
87
89
89
93
94
87

88
95
98
98
98

98
100
99
100

101
100
103
102
107
108
108

110
109
110
111

Location
127.4.4

127.4.8

Table 127.4.2-1
Figure 127.4.4-2
Figure 127.4.4-3
Figure 127.4.8-6

Change

(1) Second and third paragraphs redesignated as (a) and (c)
(2) Subparagraph (b) added

Subparagraphs (b) and (f) revised

SI equivalencies revised

SI equivalencies revised

SI equivalency revised

Revised

Figure 127.4.8-7
127.4.9

127.4.10
129.3
131.1
131.3
131.6.1

131.6.2

132.1.1

Table 131.4.1-1
132.2

Table 132.1.1-1
132.3.3

Table 132.2-1
132.5

SI equivalency revised

(1) First and second paragraphs designated as (a) and(b), and
subparas. (a) through (c) redesignated as (b)(1) through (b](3)

(2) Subparagraph (b)(2) [formerly (b)] revised

(3) Subparagraph (d) deleted

(4) Subparagraph (b)(4) added

Last sentence added

First paragraph added

Last paragraph added

Subparagraph (b) revised

(1) Title added

(2) First paragraph anhd subpara. (c) revised

Revised in its entirety

Last paragraph added

In 9th, 11th-through 13th, and 17th rows, degrees Celsius revised

Subparagraphs (c) and (d) added and subsequent subparagraphs
redesignated

For P-No. 9B, Group 1, degrees Celsius revised
Revised
Revised
Revised

136.1.2 Subparagraph (a) revised
136.3.2 Subparagraphs (c) and (e) and last paragraph revised
136.4.2 (1) First paragraph redesignated as (a) and former subpara.|(a)
redesignated as (b)
(2) Subparagraphs (a), (b)(2) [formerly (a)(2)], (b)(7) [formérly
(@)(7)], and (b)(8) [formerly (a)(8)] revised
(3) Subparagraph (a)(9) added
136.4.3 Subparagraphs (a)(3), (b), (b)(2), and (b)(3) revised
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Chapter |
Scope and Definitions

100 GENERAL

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

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

, materials, fabrication, erection, examination,
ing, inspection, operation, and maintenance of
piping systems. Where service requirements necessitate
measures beyond those required-by ‘this Code, such
measfires shall be specified by the engineering design.
Piging as used in this Code includes pipe, flanges,
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.\Jt 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 spelcified 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)]f and high-
temperature water is generated at pressures exceeding
160 psig [1103 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 wedlding 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 consideried part of
the boiler external piping. The terminal points and piping
external to power boilers are illustrated by
Figures 100.1.2-1 through 100.1.2-8.

Piping between the terminal points and the valve or
valves required by para. 122.1 shall be provjided with
Data Reports, inspection, and stamping as refquired by
ASME BPVC, Section I. All welding and brazing of this
piping shall be performed by manufacturers or 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
by an organization not holding an ASME Certification

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

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
hydrostatictest, regardless of the method of assembly. The
quality control system requirements of ASME BPVC,
Section I; ASME CA-1; and ASME QAI-1, Qualifications
for Authorized Inspectors, shall apply.

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

Para. 122.1.7(a)

Superheater
P > O o o o e ————— |><]<] Turbine
- O :

Alternate para. 122.1.7(a)(2) '====>< = = -To equipment

C):! > Ol?<]<] Turbine

Prime maver throttle or stop valve

e >< 0= = = +T0 equipment
] <O o o o o o o 1
B 1
/‘J\ 1
Reheater X :
1
== 1
1
- 1
<= I
Convection ( 1 :
and fadiant ) l-——--)-..._I :
sectjon Start-up system a4
may vary to suit / N
) boiler manufacturet ‘/ \' Condenser
( Economizer \ /}
Para.422:1.7(b) ~_ _~
e - - - AN
\ |
N~
----- i____\\
Q:-—«—@—lxl—q/b- S
\\/
N ——— Boiler
C>3—|><]O---|:/\/\/—;--L//l- ----- i \ feed
-7 \\ //’ pump

Alternates, para. 122.1.7(b)(9)

Administrative Jurisdiction and Technical Responsibility

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

o&——— Boiler Externdl.Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandato
certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, an
AuthorizedvInspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibilit
Refer ¢’ ASME BPVC, Section |, Preamble, fifth, sixth, and seventh paragraphs and ASME B31.1 Scope, par.
100:1:2(a). Applicable ASME B31.1 editions are referenced in ASME BPVC, Section |, PG-58.3.

O---+1-=cNonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, has totdl
| administrative and technical responsibility

TN o<
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Figure 100.1.2-2 Code Jurisdictional Limits for Piping — An Example of Steam Separator Type Forced-Flow

Steam Generators With No Fixed Steam and Waterline

Superheater Para. 122.1.7(a)

'I'"[><]<] Turbine
1

Alternate para. 122.1.7(a)(2) /I
(B* |T||rhinn

Alternates, para. 122.1.7(b)(9)

Administrative Jurisdiction and Technical Responsibility

I 7
N Prime mover throttle or stopva
Steam —[><]:>—-- To equipment
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and radiant
section
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collector
—_— Reheater
A Start-up systefm =T
may vary te suit
boiler manufacturer
aX (if used)
Economizer
(if used)
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(if used)
(if used) (if usech Para. 122.1.7(b) o
D= - Y
N _ A
~fn ===
_\\ /' Boiler feed pump
/"\\ . = -
g Sp—— \
"“[><b"l(§/\/j' - - 1,
- N _

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

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

1
~={><==- To equipment

Ive

tion

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 |, Preamble, fifth, sixth, and seventh paragraphs and ASME B31.1 Scope, para.

100.1.2(a). Applicable ASME B31.1 editions are referenced in ASME BPVC, Section |, 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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Figure 100.1.2-3 Code Jurisdictional Limits for Piping — Drum-Type Boilers

Single installation
- O e

Alternate single installation

Para. 122.1.7(a)(2)
Turbinebliﬂo—d—(

Vents and

instrumentation

Para. 122.6.2
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Drain

(if used)

Integral
superheater

(if used)

Main steam,

Chemical feed
Drum sample
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B - Regulating valves
e > : Boiler no. 1 &
Blowoff 5 O D
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,S'n? llati 2 ®©| Boilerno.2 1 boilers fed from
instafiations § g > a common sour¢e
& Drain  D<P======
N rain e iocfom = m m m =
Administrative Jurisdiction and Technical Responsibility

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

o&——— Boilef\External Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandatofy
ceftification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and
Adtthorized Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibilitly.
Refer to ASME BPVC, Section |, Preamble and ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31{1
editions are referenced in ASME BPVC, Section |, PG-58.3.

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

administrative jurisdiction and technical responsibility.
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NOTE: (1) With feedwater regulal

Figure 100.1.2-4 Code Jurisd
(Boile
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Boiler Proper
administrative
Section |, Prea

o&——— Boiler Externa
jurisdiction (n
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Pressure Pipin

ictional Limits for Piping — Isolable Economizers Locat:

DLOWOTT, and IV dl1CO

hin steam
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ee Figure pmm
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Intervening valve
- Inlet header
Drain, para. 122.1.5 (if used) Boiler proper
(see Figure
- 100.1.2-3)
Draih, para. 122.1.5
Intervening
valve
nistrative Jurisdiction and Technical Responsibility

— The ASME Boiler and Pressure Vessel Code (ASME-BPVC) has total
jurisdiction and technical responsibility. Refer to>ASME BPVC,
mble.

Piping and Joint (BEP) — The ASME BPVC has total adninjstrative
andatory certification by stamping the Certification Mark withx«the
bsignator, ASME Data Forms, and Authorized Inspection) of BEP.(The
Committee B31.1 has been assigned technical responsibility. Refer to
Section |, Preamble and ASME B31.1 Scope, para. 100.1.2(a).
ME B31.1 editions are referenced in ASME BPVC, Section |, PG-58.3.

ernal Piping and Joint (NBEP) — The ASME Code Committee for
b, B31, has total administrative jurisdiction and technical responsibility.

ed in Feedwater Piping and Isolable Superhe

0D NG HOWI) 10
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== Vent

Isolable Ve

Note (1)
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Drain, para. 122.1.5
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Para. 122.6.2
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ASME BPVC, Section I, Part PFE).
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(20) Figure 100.1.2-5 Code Jurisdictional Limits for Piping — Reheaters and Nonintegral Separately Fired Superheaters

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

iq---

Cold reheat, ==d ===

pdra. 122.1.7(d)

= O e
Drain

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

o&——— Boiler External Piping and Joint (BEP) — The ASME BRYC+has total administrative jurisdiction (mandato
certification by stamping the Certification Mark with_the” appropriate Designator, ASME Data Forms, an
Authorized Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibilit]
Refer to ASME BPVC, Section |, Preamble and ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31
editions are referenced in ASME BPVC, Section }~PG-58.3.

O---+- Nonboiler External Piping and Joint (NBEP).+— The ASME Code Committee for Pressure Piping, B31, has tot4l
administrative jurisdiction and technical. responsibility.

relief, and relief valves; see para. 107.8.2~Refer to ASME
BPVC, Sedtion I, PG-11.

Pipe connections meeting all otheérrequirements of this
Code but pot exceeding NPS %4 DN 15) may be welded to
pipe or boiler headers without inspection and stamping
required by ASME BPV(C;Section L.

(b) Nompboiler external piping includes all the piping
covered by this Gode except for that portion defined
above as poiler.extérnal piping.

100.1.3|This Code does not apply to the following:

Administrative Jurisdiction and Technical Responsibility

Steam |n
-

Inlet header

Drain, para. 122.1.5 (if used)

= O e
Drainy\para. 122.1.5

- o<

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

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

(f) piping included as part of a shop-assembled [pack-
aged equipment assembly within an ASME B31.1|Code
piping installation when such equipment piping is
constructed to another ASME B31 Code Section|(e.g.,
ASME B31.3 or ASME B31.9) with the owner’s appjroval.
See para. 100.2 for a definition of packaged equipment.

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

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

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

106-1-4Procedures-ThisCodedoesnotprovideproce-
dures for flushing, cleaning, start-up, operating, or main-
tenance. Code users are advised, however, that the
cleaning and purging of flammable gas systems may be
subject to the requirements of NFPA Standard 56.

100.1.5 Units of Measure. This Code states values in
both U.S. Customary (USC) and International System
(SI, also known as metric) units. Within the text, the SI
units are shown in parentheses or in separate tables.
The values stated in each system are not exact equivalents;
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Figure 100.1.2-6 Code Jurisdictional Limits for Piping — Spray-Type Desuperheater

Desuperheater
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(see Figure 100.1.2-7)
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Stop valve,

para. 122-4(3)(1)/ Regulating \/alve,x Block valves, J

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

para. 122.4(a)(1)

Administrative Jurisdiction and Technical Responsibility

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

®&—1—— Boiler External Piping and Joint (BEP)\)> The ASME BPVC has total administrative jurisdiction (marjdatory
certification by stamping the Certificatien-Mark with the appropriate Designator, ASME Data Forms, and Authorized
Inspection) of BEP. The ASME Section)Committee B31.1 has been assigned technical responsibility. Refer tol ASME
BPVC, Section |, Preamble and ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31.1 editions are referenced
in ASME BPVC, Section |, PG:58.3.

O—|—=- Nonboiler External Piping  and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, hds total
administrative and technieal responsibility. In the case where the spray water is from BEP, all the piping indicated in

Figure 100.1.2-6 would be considered as BEP.

therefore, each system of units should be used indepen-
dently of the ©ther.

When separate equations are provided for USC and SI
units,{thosékequations shall be executed using variables in
the unitsassociated with the specific equation. The results

100.2 Definitions

Some commonly used terms relating to giping are
defined below. Terms related to welding generally
agree with AWS A3.0. Some welding terms afe defined

obtained from execution of these equations may be
converted to other units.

When necessary to convert from one system of units to
another, conversion should be made by rounding the
values to the number of significant digits of implied preci-
sion in the starting value, but not less than four significant
digits for use in calculations.

with specitied reference to piping. For welding terms
used in this Code, but not shown here, definitions in
AWS A3.0 apply.

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.

(20)
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Figure 100.1.2-7 Code Jurisdictional Limits for Piping — HRSG — Desuperheater Protection Devices
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(see Figure 100.1.2-6)

(d)

Administrative Jurisdiction and Technical Responsibility

Boiler Proper— The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdiction afnd

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

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

certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Authoriz¢d
Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer to ASME

[o upuup—_—

BPVC, Section |, Preamble and ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31.1 editions 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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Figure 100.1.2-8 Code Jurisdictional Limits for Piping — Firetube Boiler
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Administrative Jurisdiction and Technical Responsibility

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

Boiler External{Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (marj
certification hy\stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Aut
Inspection) of. BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer to
BPVC, Section |, Preamble and ASME B31.1 Scope, para. 100.1.2(a). Applicable ASME B31.1 editions are refg

Nanboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, h3
administrative and technical responsibility.
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annealing: see heat treatments.

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.

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

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

covered piping systems (CPS): piping systems on which
condition assessments are to be conducted. As a
minimum for electric power generating stations, the
CPS also include NPS 4 (DN 100) and larger piping in

austenitizing: see heat treatments.

automatid
the entirg

welding: welding with equipment that performs

welding operation without constant observa-
tion and fadjustment of the controls by an operator.
The equipment may or may not perform the loading
and unlodding of the work.

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

ball joint:|a component that permits universal rotational
movemenf in a piping system.

base metdl: the metal to be welded, brazed, soldered, or
cut.

branch copnection: the attachment of a branch pipe to the
run of a rhain pipe with or without the use of fittings.

braze welding: a method of welding whereby a groove,
fillet, plulg, or slot weld is made using a nonferrous
filler metal having a melting point below that of the
base metgls, but above 840°F (450°C). The filler metal
is not diptributed in the joint by capillary action:
(Bronze welding, the name formerly used, is a misnomer
for this tdrm.)

brazing: 4 metal joining process wherein cealescence is
produced| by use of a nonferrous filler-metal having a
melting ppint above 840°F (450°C) butlower than that
of the bage metals joined. The filler métal is distributed
between the closely fitted surfaces'ofthe joint by capillary
action.

butt joint;
mately in

a joint between two members lying approxi-
the same plane:

capacitor|dischargeWwelding (CDW): a stud arc welding
process im whichi\D€ arc power is produced by a rapid
discharge of(stored electrical energy with pressure
applied during or immediately following the electrical

other systems that have a design temperature gieater
than 750°F (400°C) or a design pressure greatel| than
1,025 psi (7.1 MPa).

creep strength enhanced ferritic steel: stéel in whigh the
microstructure, consisting of lowen transformjation
products such as martensite and bainite, is stabjlized
by controlled precipitation of témpér-resistant carpides,
carbonitrides, and/or nitrides:

defect: a flaw (imperfection’ or unintentional disgonti-
nuity) of such size, shape, orientation, location, or pijoper-
ties as to be rejectable!

discontinuity: alack of continuity or cohesion; an intg
tion in the normal physical structure of materia
product.

rrup-
or a

employer; the owner, manufacturer, fabricator, contrpctor,
assembler, or installer responsible for the welding,
brazing, and NDE performed by his/her organiZation
including procedure and performance qualifications.

from
fjuire-
ifica-

engineering design: the detailed design developed
process requirements and conforming to Code re
ments, including all necessary drawings and spe
tions, governing a piping installation.

equipment connection: an integral part of such equipment
as pressure vessels, heat exchangers, and pumps, degigned
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.

Ftruc-
hition

examination: denotes the procedures for all nonde
tive examination. Refer to para. 136.3 and the defi
for visual examination.

expansion joint: a flexible piping component that absorbs
thermal and/or terminal movement.

nents

discharge. The process uses an electrostatic storage
system as a power source in which the weld energy is
stored in capacitors.

cold spring: the intentional movement of piping during
assembly to produce a desired initial displacement and
reaction.

component: as used in this Code, is defined as consisting of,
but not limited to, pipe, piping subassemblies, parts,
valves, strainers, relief devices, fittings, pipe supports,
and hangers.

10

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

face of weld: the exposed surface of a weld on the side from
which the welding was done.
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failure: a physical condition that renders a system or
component unable to perform its intended function or
functions or meet design and performance requirements,
or that is a hazard to personnel safety.

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

ferrous material: metals and alloys that contain iron as the
principal component.

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

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

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

fillet \weld: a weld of approximately triangular cross
sectipn joining two surfaces approximately at right
anglgs to each other in a lap joint, tee joint, corner
joint, [or socket weld.

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

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

full fillet weld: a fillet weld whose size is equal to the thick-
ness pf the thinner member joined.

fusio
or of

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

gas b
gas sy
mablg
syste

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

gas welding: a group of welding procésses wherein coales-
cencel is produced by heating with a gas flame or flames,
with pr without the application of pressure, and with or
withdut the use of filler métal.

ow: a process to clean and remove debris from the
pply piping by releasing gas (flammable or nonflanm-
) at a high pressure and velocity through the piping
m while venting to atmosphere.

groove weld: a weld made’in the groove between two
members to be join€d.

heat-gffected zone>portion of the base metal that has not
been melted, but'whose mechanical properties or micro-
strucfure has-been altered by the heat of welding or
cutting.

heat

agtian an

preheating—the base metal
immediately prior to a welding or cutting.@pgration.
stress-relieving: uniform heating of a istructure or
portion thereof to a sufficient temperature below the
transformation temperature range for that njaterial to
relieve the major portion of the residual stresseg, followed
by uniform cooling.
subcritical heat treatnfent: a general heaf-treating
process where ferritic.6rinartensitic steel is |heated to
a temperature below.the'temperature at which austenite
begins to form.
tempering: reheating a quench-hardened or nprmalized
steel to a temperature below the temperatur¢ at which
austenité begins to form, and then coolifg at any
desired\rate.

application—of-hoaat to o
apprcatoh—e+aeat—+te—=a

imperféection: a condition of being imperfect; a
of\a“quality characteristic from its intended c

departure
ndition.

indication: the response or evidence from the application
of a nondestructive examination.
linear indication: an indication that has a length greater
than 3 times its width.
rounded indication: an indication of circular ofr elliptical

shape that has a length equal to or less than 3 times its
width.
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 hetal may
or may not be used.

inspection: denotes the activities performed by gn Author-
ized Inspector, or an owner’s Inspector, to ver|fy that all
required examinations and testing have been dompleted,
and to ensure that all the documentation for] material,
fabrication, and examination conforms to the ppplicable
requirements of this Code and the engineerinp design.

£
TCatiments:

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

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

11

integrally reinforced branch outlet fitting: a branch outlet
fitting that is welded directly to a run pipe, where the
branch fitting and the deposited weld metal used to
attach the fitting to the run pipe are designed by the
fitting manufacturer to provide all the reinforcement
required by this Code without the addition of separate
saddles or pads. The attachment of the branch pipe to
the fitting is by butt welding, socket welding, threading,
or a flanged connection. Integrally reinforced branch
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outlet fittings include those fittings conforming to MSS SP-
97.

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

Jjoint penetration: the minimum depth of a groove weld
extends from its face into a joint, exclusive of reinforce-
ment.

low energy capacitor discharge welding: a resistance
welding

owner: 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-
istrative and operational responsibility for the facility. The
owner may be either the operating organization (may not
be the actual owner of the physical property of the facility)
or the organization that owns and operates the plant.

oxygen cutting: a group of cutting processes wherein the

T CeS—vww e e coare Seenece—Ts

discharge of stored electric energy from a
be electrostatic storage system.

the rapid|
low volta,
maintenaj
continued
ASME B3
ments, re

ce: actions required to assure safe, reliable, and
operation of the piping within the scope of
1.1, including inspections, condition assess-
bairs, and replacement of components.

manual W
operation

elding: welding wherein the entire welding
is performed and controlled by hand.

maximuml|allowable stress: the maximum stress value that
may be uged in the design formulas for a given material
and desigh temperature.

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

may: useqg
nor a rec

to denote permission; neither a requirement
mmendation.

mechanicqljoint: ajoint that provides mechanical strength
or leak registance, or both, where the mechanical strength
is developed by threaded, grooved, rolled; flared, or
flanged pipe ends; or by bolts, pins, compounds,
gaskets, rplled ends, caulking, or maehined and mated
surfaces| These joints have particular application
where eage of disassembly is desired.

miter: twd
joined on
produce 3

or more straightisections of pipe matched and
a line bisectingthe angle of junction so as to
change in direction.

nominal thickness:/the thickness given in the product
material specification or standard to which manufacturing
tolerance§ are-applied.

severing of metals 1s eifected by means of the chdmical
reaction of oxygen with the base metal ateleyated
temperatures. In the case of oxidation-resistant njetals,
the reaction is facilitated by use of a flux.

oxygen gouging: an application of oxygen cutting wherein

a chamfer or groove is formed.

packaged equipment: an assenibly of individual cq
nents or stages of equipment;.complete with its intg
necting piping and connections for piping external

equipment assembly. The'assembly may be mounte
skid or other structure’ prior to delivery.

mpo-
rcon-
to the
dona

peening: the mechanical working of metals by megns of

hammer blows!

pipe and ¢ybe: the fundamental difference betweer]
and tube is the dimensional standard to which e
manuifactured.

A pipe is atube with around cross section conformjing to
the dimensional requirements for nominal pipe sjze 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 tubf, the
nominal diameter corresponds with the outside diarheter.

A tube is a hollow product of round or any other|cross
section having a continuous periphery. Round tubg size
may be specified with respect to any two, but nfot all
three, of the following: outside diameter, inside diampeter,
and wall thickness; types K, L, and M copper tube maly also
be specified by nominal size and type only. Dimerjsions
and permissible variations (tolerances) are speciffed 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,
dividual lengths or in continuous lengths from coiled
and subsequently cut into individual lengths, having

pipe
hch is

inin-
skelp
alon-

nonferrous: metals and alloys that do not contain iron as
the principal component.

normalizing: see heat treatments.

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

12

d by
the heat obtained from resistance of the pipe to the
flow of electric current in a circuit 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 the furnace
heated skelp through a cone-shaped die (commonly

gitdin ol bodbs 2ottt apala al n ie—radis
greatiiar oo Wit rei€oare SEEREEISpProauc
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known as a “welding bell”) that serves as a combined
forming and welding die.

(2) furnace butt welded pipe, continuous welded: pipe
produced in continuous lengths from coiled skelp and
subsequently cut into individual lengths, having its lon-
gitudinal butt joint forge welded by the mechanical pres-
sure developed in rolling the hot formed skelp through a
set of round pass welding rolls.

(c) electric fusion welded pipe: pipe having a longitudi-
nal b

diameters to the surface roughness and dimensional re-
quirements of the applicable material specification.

One variation of this process uses autofrettage
(hydraulic expansion) and heat treatment, above the
recrystallization temperature of the material, to
produce a wrought structure.

(5) statically cast pipe: pipe formed by the solidifi-
cation of molten metal in a sand mold.

pipe-supporting elements: pipe-supporting elements

Tt Ot e Cr e oare S tenee—S Tooatea—Tn—nt

prefdrmed tube by manual or automatic electric arc
weld|ng. The weld may be single (welded from one
side)|or double (welded from inside and outside) and
may pe made with or without the use of filler metal.
Spira] welded pipe is also made by the electric fusion
welding process with a butt joint, a lap joint, or a lock
seam|joint.

(d)| electric flash welded pipe: pipe having a longitudinal
butt Joint wherein coalescence is produced, simulta-
neously over the entire area of abutting surfaces, by
the heat obtained from resistance to the flow of electric
currept between the two surfaces, and by the application
of pressure after heating is substantially completed.
Flashling and upsetting are accompanied by expulsion
of mqtal from the joint.

(e)| double submerged arc welded pipe: pipe having a
longitudinal butt joint produced by the submerged arc
procgss, with at least 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:

7) rolled pipe: pipe produced from a ferged billet
5 pierced by a conical mandrel betweén two diame-
trically opposed rolls. The pierced shell is subsequently
rolled and expanded over mandrels ofincreasingly larger
diampter. Where closer dimensional tolerances are
desirgd, the rolled pipe is cold ‘¥ hot drawn through
dies, pnd machined.

(ne variation of this-precess produces the hollow
shell by extrusion of the forged billet over a mandrel
in a Vertical, hydrauli¢-piercing press.

) forged and bored pipe: pipe produced by boring
or trgpanning,of.a*forged billet.

3) extrudéd pipe: pipe produced from hollow or
roufid+forgings, usually in a hydraulic extrusion
press| Inthis process the forging is contained in a cylin-

that i

solid

consist of hangers, supports, and structural attachments.

hangers and supports: hangers and supperts include
elements that transfer the load from thepipeor(structural
attachment to the supporting structure€ or equipment.
They include hanging type fixtures, such 3s hanger
rods, spring hangers, sway braces) counterweights, turn-
buckles, struts, chains, guides,‘and anchors, arld bearing
type fixtures, such as saddle§ bases, rollers, brdckets, and
sliding supports.

structural attachments: structural attachmerits include
elements that arewelded, bolted, or clamped t the pipe,
such as clips/lugs, rings, clamps, clevises, sfraps, and
skirts.

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

postweld heat treatment: see heat treatments.

postweld hydrogen bakeout: the holding of a completed or
partially completed weld at an elevated tempgrature to
allow hydrogen to diffuse out of the weld.

preheating: see heat treatments.

pressure: an application of force per unit area

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

Procedure Qualification Record (PQR): a rec
welding data used to weld a test coupon. The
record of variables recorded during the wel

test coupons. It also contains the test res

tested specimens. Recorded variables nor
within a small range of the actual variables
be used in production welding.

rd of the
PQR is a
ing of the
lts of the
mally fall
that will

qualified (personnel): individuals who have denjonstrated
and documented abilities gained through training and/or
experience that enable them to perform a required func-

drical die. Initially a punch at the end of the extrusion
plunger pierces the forging. The extrusion plunger
then forces the contained billet between the cylindrical
die and the punch to form the pipe, the latter acting as
a mandrel.

(4) centrifugally cast pipe: pipe formed from the so-
lidification 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

13

tien-to-thesatisfactionof 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.
(This definition does not prohibit the use of optical devices
for a visual examination; however, the selection of the
device should be a matter of mutual agreement
between the owner and the fabricator or erector.)
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Reid vapor pressure: the vapor pressure of a flammable or
combustible liquid as determined by ASTM Standard Test
Method D323 Vapor Pressure of Petroleum Products
(Reid Method).

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

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

action. In general, solders are lead-tin alloys and may
contain antimony, bismuth, silver, and other elements.

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

stresses:

the joint.

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

restraint:
ment of a

hny device that prevents, resists, or limits move-
piping system.

root open
joined, at

ng: the separation between the members to be
the root of the joint.

root penetration: the depth a groove weld extends into the
root openfng of a joint measured on the centerline of the
root crosyg section.

seal weld:|a weld used on a pipe joint primarily to obtain
fluid tightiness as opposed to mechanical strength.

semiautomatic arc welding: arc welding with equipment
that contrpls only the filler metal feed. The advance of the
welding i§ 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 process
wherein cpalescence is produced by heating with an-elec-
tric arc bgtween a covered metal electrode and thé work.
Shielding |s obtained from decomposition ofithe-electrode
covering. Pressure is not used and filler metal is obtained
from the plectrode.

should: “should” or “itis recommended” is used to indicate

self-
bosed
th an

displacement stress: a stress developed by thd
constraint of the structure. It must satisfy an |im
strain pattern rather than being in equilibtitih w
external load. The basic characteristic of‘a displacgment
stress is that it is self-limiting. Local yielding and minor
distortions can satisfy the displacement or expahsion
conditions that cause the stress to”occur. Failure|from
one application of the stress.is not to be expgcted.
Further, the displacement-stresses calculated in this
Code are “effective” stresses and are generally Jower
than those predicted(by theory or measured in sfrain-
gage tests.!

peak stressi~the highest stress in the region ynder
consideration. “The basic characteristic of a peak $tress
is that it causes no significant distortion and is objeftion-
able only as apossible source of a fatigue crack initiatjon or
a brittle fracture. This Code does not use peak stregs as a
design basis, but rather uses effective stress valugs for
sustained stress and for displacement stress; the| peak
stress effect is combined with the displacement $tress
effect in the displacement stress range calculation|

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 |s 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 dn the

that a proyision is not mandatory but is recommended as strain-hardening properties of the material. A thermal

good pradtice. stress is not classified as a sustained stress. Further,

size of wefd: tbe fustalned stresses calculated in this Code are e'ffec-
fillet wejd: for equal-legfillet welds, the leg lengths of the tive” stresses and are gen'erally llower than those predlicted

largestisdsceles righttriangle that can be inscribed within by theory or measured in strain-gage tests.

the fillet weld crass/Section. For unequal-leg fillet welds, stress-relieving: see heat treatments.

_the 11.3g le 1g.ths. of the. largest right trlangle that can be subcritical heat treatment: see heat treatments.

inscribed |within the fillet weld cross section. ] ) )

submerged-are-weldinganare-welding precess—wherein

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

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

soldering: a metal joining process wherein coalescence is
produced by heating to suitable temperature and by using
a nonferrous alloy fusible at temperatures below 840°F
(450°C) and having a melting point below that of the
base metals being joined. The filler metal is distributed
between closely fitted surfaces of the joint by capillary

14

coalescence is produced by heating with an electric arc or
arcs between a bare metal electrode or electrodes and the

! 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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work. The welding is shielded by a blanket of granular,
fusible material on the work. Pressure is not used, and
filler metal is obtained from the electrode and sometimes
from a supplementary welding rod.

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

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

facture, 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.

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

weld: alocalized coalescence of metal that is produced by

tack
prope
tempaé

throat of a fillet weld:

actlal: the shortest distance from the root of a fillet weld
to its|face.

thepretical: the distance from the beginning of the root
of theljoint perpendicular to the hypotenuse of the largest
right ftriangle that can be inscribed within the fillet weld
cross|section.

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

ring: see heat treatments.

weld: the junction between the face of the weld and
hse metal.

toe of]
the b

tube: [refer to pipe and tube.

tungsten electrode: a nonfiller metal electrode used in arc
welding, consisting of a tungsten wire.

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

visual examination: the observation of whatever pertions
of components, joints, and other piping elements that are
expoded to such observation before, during, oraftér manu-

heating to suitable temperatures, with orcwithout 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 basé\metal.

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

Welder/Welding Operator Performance Qug
(WPQ): demonstration0f a welder’s ability t
welds in a manner deseribed ina Welding Proce
ification that meets, prescribed standards.

lification
b produce
Hure Spec-

welding operater: one who operates machine orputomatic

welding equipment.

Welding.Rrocedure Specification (WPS): a writteh qualified
weldihg procedure prepared to provide dirgection for
madKing production welds to Code requirements. The
WPS or other documents may be used to provide¢ direction
to the welder or welding operator to ensure cpmpliance
with the Code requirements.

weldment: an assembly whose component parts|are joined

by welding.

15
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Chapter I
Design

PART 1
CONDITIONS AND CRITERIA

101 DES|GN CONDITIONS
101.1 General

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

101.2 Prpssure

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

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

including [the effects of static head.

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

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

101.2.6| Required Pressure Containment or Relief

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

101.3 Temperature

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

101.3.2 Design-Temperature

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

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

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

(d) Accelerated creep damage, leading to excg¢ssive
creep strains and pnfpnfinl pipe rupture, caus bd by

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

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

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

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

(20)

(20)
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101.4 Ambient Influences

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

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

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

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

101.6 Weight Effects

shall
or pr

1 pa H s 4] 4 4] H paj
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vision shall be made to relieve the excess pressure.

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

101.

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

Dynamic Effects

101.5.2 Wind. Exposed piping shall be designed-to
withgtand wind loadings. The analysis considerations
and Joads may be as described in ASCE/SEI 7,
Minirhum Design Loads for Buildings and, Other Struc-
tures| Authoritative local meteorological data may also
be uged to define or refine the design‘wind forces.
Wherje local jurisdictional rules covering the design of
building structures are in effect arid specify wind loadings
for piping, these values shall be'considered the minimum
design values. Wind need hot be considered as acting
concyrrently with earthquakes.

101.5.3 Earthquake..The effect of earthquakes shall be
consiflered in the (design of piping, piping supports, and
restrgints. The-analysis considerations and loads may be
as described ¥ ASCE/SEI 7. Authoritative local seismolo-
gical flata’may also be used to define or refine the design
earthquake forces. Where local jurisdictional rules

The weight effects described in paras. 101.6{1 through
101.6.3 combined with loads and forces from.other causes
shall be taken into account in the design| of piping. Piping
shall be carried on adjustable hangers‘or properly leveled
rigid hangers or supports, andysuitable sprihgs, sway
bracing, vibration dampenets; €tc., shall be[provided
where necessary.

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

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

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

101.7 Thermal Expansion and Contractign Loads

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

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

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

provided
thangesin

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

covering the design of building structures are in etfect
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.
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disengagement of working parts while in service. In deter-
mining expansion joint design criteria, the designer shall
give due consideration to conditions of service, including,
but not limited to, temperature, pressure, externally
imposed displacements, corrosion/erosion, fatigue, and
flow velocity. The design of metallic bellows expansion
joints shall be in accordance with Mandatory Appendix P.
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(20) 101.9 Reduced Ductility Effects

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

para. 104, modified as applicable by other provisions
of this Code.

Should it be desired to use methods of manufacture or
design of components not covered by this Code or not
listed in referenced standards, it is intended that the
manufacturer shall comply with the requirements of
paras. 103 and 104 and other applicable requirements
of this Code for design conditions involved. Where compo-

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

102 DES|IGN CRITERIA
102.1 General

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

102.2 Pressure-Temperature Ratings for Piping
Camponents

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

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

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

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

nents other than those discussed above, such as pipe or
fittingsnetassigned-pressure—temperatureratings in an
American National Standard, are used, the manufacthrer’s
recommended pressure-temperature ratingshall not be
exceeded.

102.2.3 Ratings: Normal Operating Conditipn. A
piping system shall be considered,safe for operation if
the maximum sustained operating pressure and tenpera-
ture that may act on any part orcomponent of the system
do not exceed the maximyim,'pressure and temperature
allowed by this Code for thatparticular partor compg@nent.
The design pressure anditemperature shall not exce¢d the
pressure-temperature rating for the particular cqmpo-
nentand material as defined in the applicable specifi¢ation
or standard.listed in Table 126.1-1.

102.2.4 Ratings: Allowance for Variation From
Normal’,Operation. The maximum internal prefgsure
and*temperature allowed shall include considergtions
fet*occasional loads and transients of pressure and
temperature.

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

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

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

102.2.5 Ratings at Transitions. Where piping syftems

operating at different dpcign conditions are connedted, a

shall be furmisired i mommimatthickmessesUmtess
limited elsewhere in this Code, such components shall
be rated 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

18

division valve shall be provided having a pressure-
temperature rating equal to or exceeding the more
severe conditions. See para. 122 for design requirements
pertaining to specific piping systems.

(20)
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102.3 Allowable Stress Values and Other Stress
Limits for Piping Components

102.3.1 Allowable Stress Values

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

(b) Displacement Stresses

(1) Cyclic Displacement Stress Ranges. The calculated
reference displacement stress range, Sg (see paras. 104.8.3
and 119.6.4), shall not exceed the allowable stress range,

S4, calculated by eq. (1A)
Sa = f(1.25S, + 0.25S},) (14)
When S, is greater than S;, the difference between
them may be added to the term 0.25S;, in eq. (1A). In

attenperaturesappropriatetopowerpipinginstattationrs—harcase, the alfowabie stress Tange, 57,15 talculated
In every case the temperature is understood to be the by eq. (1B)
metal temperature. Where applicable, weld joint effi- _
ciency factors and casting quality factors are included Sa = f(1.255; + 1258 = §) (%)
in the¢ tabulated values. Thus, the tabulated values are where
valuep of S, SE, or SF, as appllc-able. = cyclic stress range facterSfor the total humber of
(b)] Allowable stress values in shear shall not exceed equivalent reference displacement stifess range
80% lof the values determined in accordance with the cycles, N, determinéd from eq. (1C)
rules|of (a). Allowable stress values in bearing shall
not exceed 160% of the determined values.
(c)| The basis for establishing the allowable stress f=6/N"? <10 10
valugs in this Code Section are the same as those in
ASMH BPVC, Section II, Part D, Mandatory Appendix 1;
excepft that allowable stresses for cast iron and ductile N = tefabnumber of equivalent reference| displace-

iron gre in accordance with ASME BPVC, Section VIII, Divi-
sion 1, Nonmandatory Appendix P for Tables UCI-23 and
UCD-23, respectively.

102
ment

(a)

.3.2 Limits for Sustained Stresses and Displace-
Stress Ranges

Sustained Stress Ranges

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

?) External Pressure Stress. Piping subject to
exterjnal pressure shall\be considered safe when the
wall thickness andméans of stiffening meet the require-
ment$ of para. 104-1.3.

3) Longitudinal Stress. The sum of the longitudinal
stresges, Sys.di€ to pressure, weight, and other sustained
loads|shallnot exceed the basic material allowable stress
in the _hot condition, Sy.

ment stress range cycles expected during the
service life of the piping. A minimum| value for
fis 0.15, which results in an allowablg displace-
ment stress range for a total number of ¢quivalent
reference displacement stress range cycles
greater than 10° cycles.

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

S, = basic material allowable stress at the maximum

metal temperature expected during thelreference

stress range cycle, psi (kPa)

In determining the basic material allowablg stresses,
S. and S, for welded pipe, the joint efficiencyj factor, E,
need not be applied (see para. 102.4.3). The|values of
the allowable stresses from Mandatory Appendix A or
as calculated per para. 123.1.2(b) may be divided by
the joint efficiency factor given for that material. In deter-
mining the basic material allowable stresses fof castings,
the casting quality factor, F, shall be applied [see para.
102.4.6).

When considering more than a single displacement

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

PD,
Slp =
4t,
or
S Pd,?
b= 2 2
DO dn

19

Stress range, whether from thermal expansion or other
cyclic conditions, each significant stress range shall be
computed. The reference displacement stress range, Sg,

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

2 For materials with a minimum tensile strength of over 70 ksi (480
MPa), egs. (1A) and (1B) shall be calculated using S, or S, values no
greater than 20 ksi (140 MPa), unless otherwise justified.


https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

ASME B31.1-2020

is defined as the greatest computed displacement stress
range. The total number of equivalent reference displace-
ment stress range cycles, N, may then be calculated by

eq. (2)

N=Ng + 2 (ql.SNi) fori=1,2,.,n 2)

102.4.2 Threading and Grooving. The calculated
minimum thickness of piping (or tubing) that is to be
threaded shall be increased by an allowance equal to
thread depth; dimension h of ASME B1.20.1 or equivalent
shall apply. For machined surfaces or grooves, where the
tolerance is not specified, the tolerance shall be assumed
to be Y, in. (0.40 mm) in addition to the specified depth of

Code.
hetra-
wable

seam

where cut. The requirements of para. 104.1.2(c) shall also apply.
Ng = number of cycles of the reference displacement . .
stress range. S 102.4.3 Weld Joint Efficiency Factors. The use of joint
N; = njumber of cycles associated with displacement efficiency factors for welded pipe is required by this
sfress range, S; The factors in Table 102.4.3-1 are based on full)pe
q = Sl/Sk tion welds. These factors are included in the allo
Sg = rpference displacement stress range [see stress values given in Mandatory Appendix Al The
phra. 104.8.4(c)], psi (kPa) factors in Table 102.4.3-1 apply to beth straight
S; = ahy computed stress range other than the refer- ~ and spiral seam welded pipe.
ence displacement stress range, psi (kPa)

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

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

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

(b) Dufing Test. During.pressure tests performed in
accordange with para. 137 the circumferential (hoop)
stress shall not exceed 90% of the yield strength
(0.2% offket) at test\femperature. In addition, the sum
of longitydinal stresses due to test pressure and live
and dead |loads+at the time of test, excluding occasional
loads, shall\irot exceed 90% of the yield strength at

102.4.4 Mechanical Strength, Where necessa
mechanical strength to prevent'damage, collapse, ¢
sive sag, or buckling of pipe/due to superimposed|loads
from supports or othek causes, the wall thickness pf the
pipe should be increased; or, if this is impractical or yvould
cause excessive Jocal stresses, the superimposed logds or
other causes<hall be reduced or eliminated by jother
design methieds. The requirements of para. 104.1.2(c)
shall also<apply.

'y for
Xces-

102:4:5 Bending. The minimum wall thickness :
point on the bend shall conform to (a) or (b).

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

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

(2) The bend thinning allowance in Table 102
may be provided in all parts of the cross section of th
circumference without any detrimental effects
produced.

(b) The minimum required thickness, t,, of a pend,
after bending, in its finished form shall be determined
in accordance with eq. (3) or eq. (4)

PD,
2 + A 3

t any

* who
e. In
good

4.5-1
e pipe
being

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 judg-
ment of the designer shall be consistent with the expected
life of the piping.

20

Z(SEW/T+ Py)

or
_ Pd + 2SEWA/I + 2yPA 4)
"™ 2(SEW/I + Py —P)
where at the intrados (inside of bend)
_ 4R/D) — 1 )
4(R/D,) — 2
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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 Straight As required by listed specification 0.60
Q [Note (1)]
2 Electric resistance weld Straight or spiral As required by listed specification 0.85
; i [Note (1)]
3 Electric fusion weld
(a)_Single butt weld Straight or spiral As required by listed specification .85
(without filler metal) Additionally 100% 00
volumetric examination [Note (2)]
(RT or UT)
(b) Single butt weld Straight or spiral As required by listed specification .80
(with filler metal) Additionally 100% 00
volumetric examination [Note (2)]
(RT or UT)
() Double butt weld Straight or spiral As required by listed specification .90
(without filler metal) ; Additionally 100% 00
)> volumetric/examination [Note (2)]
(RT orUT)
(¢1) Double butt weld Straight or spiral As required by listed specification .90
(with filler metal) Kdditionally 100% 00
volumetric examination [Note (2)]
(RT or UT)
4 API 5L Submerged arc weld Straight with As required by specification .90
(SAW) one Qrytwo
seafns
Gas metal arc weld Spiral Additionally 100% .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 joint 2.

(2) R1
(uj

(radiographic examination) shallbe.in’accordance with the requirements of para. 136.4.5 or the material specification, as agplicable. UT
trasonic examination) shall be in.accordance with the requirements of para. 136.4.6 or the material specification, as applicable.

Table 102.4.5-1 Bend Thinning Allowance

Minimum Thickness
Recommended Prior to

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

GENERAL NOTES:
(a) Interpolation is permissible for bending to intermediate radii.
(b) t, is determined by eq. (7) or eq. (8) of para. 104.1.2(a).

(c) Pipe diameter is the nominal diameter as tabulated in ASME

B36.10M, Table 1 and ASME B36.19M, Table 1. For piping
with a diameter not listed in these tables, and also for tubing,
the nominal diameter corresponds with the outside diameter.

21


https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

ASME B31.1-2020

Figure 102.4.5-1 Nomenclature for Pipe Bends

allowable stresses to be used as the design basis for
the component.

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

(1) All steel castings having a nominal body thick-
ness of 4%, in. (114 mm) or less (other than pipe
flanges, flanged valves and fittings, and butt welding
end valves, all complying with ASME B16.5 or ASME

End of bend
(typ.)
\) Extrados
and at the¢ extrados (outside of bend)
_ 4(R/D,) + 1 ©
4(R/D,) + 2

and at the sidewall on the bend centerline
I=1.0

where
R = bend radius of pipe bend

See pafa. 104.1.2 for the other nomenclature‘used
above.

W equals 1 for seamless pipe or for seam-welded pipe
operating|below the creep range and for patts of the bend
that do n¢t contain a weld.

Thickngss variations from the intrados to the extrados
and at the|ends of the bend shall be\gradual. The thickness
requireménts apply at the centénof'the bend arc and at the
intradog, extrados, and bend centerline (see
Figure 1022.4.5-1). The minimum thickness at the ends
of the bends shall not'\be less than the requirements of
para. 104.1.2 forstraight pipe. For bends to conform
to this parpgraph,all'thickness requirements must be met.

102.4.6 Casting Quality Factors

B16-34}-shall- be-inspeeted—rsually{MSS-SP-55-may be
used for guidance) as follows:

(-a) All critical areas, including the junctieng of all
gates, risers, and abrupt changes in section|or dir¢ction
and area of weld end preparation, shall be'volumetrically
examined in accordance with ASME BPVC, Section V.
Radiographs shall conform to<thg¢ requirements of
ASTM E446, Reference Radiographs for Steel Castings
up to 2 in. (50 mm) in Thicknéss, or ASTM E186, Reference
Radiographs for Heavy Walled (2 to 4% in. [50 tp 114
mm]) Steel Castings, depending on the section thickness.
MSS SP-54 may be,used for guidance. The maximum ac-
ceptable severity-lével for a 1.0 quality factor shall|be as
listed in Tabled02/4.6-1. Where appropriate, radiogijaphic
examination\(RT) of castings may be supplemented or
replaced with ultrasonic examination (UT), provigled it
is performed in accordance with MSS SP-94.

(-b) All surfaces of each casting, inclyding
machined gasket seating surfaces, shall be exarpined
by the magnetic particle or dye penetrant method after
heat treatment. The examination techniques shall|be in
accordance with ASME BPVC, Section V, Articlg 6 or
Article 7, as applicable, and Article 9. MSS SP-58 and
MSS SP-93 may be used for guidance. Magnetic particle
or dye penetrant indications exceeding degreg 1 of
Type I, degree 2 of Type II, and degree 3 of Type III,
and exceeding degree 1 of Types IV and V of ASTM
E125, Standard Reference Photographs for Magnetic

Table 102.4.6-1 Maximum Severity Level for Casting
Thickness 4% in. (114 mm) or Less

Severity Level

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

L Edd46-ICacts a2 i (50 Thi
1 OFETToTCastngsHp—to—=tHr—(ov)j—11ii€

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

This required factor does not apply to component stan-
dards listed in Table 126.1-1, if such standards define
allowable pressure-temperature ratings or provide the

A 1 2
B 2 3
Types 1, 2, 3, and 4 of C 1 3
D,E F, and G None acceptable None acceptable

For E186 [Castings 2 in. to 4% in. (50 mm to 114 mm) Thickness]

A, B, and Types 1 and 2 of C 2 2
Type 3 of C 3 3
D,E and F None acceptable None acceptable
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Table 102.4.6-2 Maximum Severity Level for Casting
Thickness Greater Than 4% in. (114 mm)

Discontinuity
Category Designation Severity Level
A, B, and Types 1, 2, and 3 of C 2
D, E, and F None acceptable
Particle Indications on Ferrous Castings, are not accept-

(-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
magnetic particle or dye penetrant inspected to ensure
complete removal of discontinuities. [Refer to para.
127.411(a).]

(-d) All weld repairs of depth exceeding 1 in. (25
mm) or 20% of the section thickness, whichever is the
lesser, shall be inspected by volumetric examination

able and shall be removed.

(-c) Where more than one casting of a particular
desigh is produced, each of the first five castings shall be
inspected as above. Where more than five castings are
being produced, the examination shall be performed
on thp first five plus one additional casting to represent
each [five additional castings. If this additional casting
proves to be unacceptable, each of the remaining castings
in thg group shall be inspected.

(-d) Any discontinuities in excess of the maximum
permjttedin (-a) and (-b) shall be removed, and the casting
may be repaired by welding after the base metal has been
insperted to ensure complete removal of discontinuities.
[Refer to para. 127.4.11(a).] The completed repair shall be
subjeft to reinspection by the same method as was used in
the ofiginal inspection and shall be reinspected after any
requifed postweld heat treatment.
?) All steel castings having a nominal body thick-
creater than 4% in. (114 mm) (other than pipé
flanges, flanged valves and fittings, and butt welding
end valves, all complying with ASME B16.5 or ASME
B16.34) shall be inspected visually (MSS SP-55)may be
used for guidance) as follows:
(-a) All surfaces of each casting including
machjned gasket seating surfaces shall'be examined by
the mpagnetic particle or dye penetrant method after
heat freatment. The examination.téchniques shall be in
acconjdance with ASME BPVC, Section V, Article 6 or
7, as applicable, and. Article 9. Magnetic particle
or dye penetrant indications exceeding degree 1 of
Type|l, degree 2 of/Type II, degree 3 of Type IlII, and
degree 1 of Types IVand V of ASTM E125, Standard Refer-
ence [Photographs.for Magnetic Particle Indications on
Ferrous Castihgs, shall be removed.
(-b) Al parts of castings shall be subjected to
compllete-volumetric examination (RT or UT) in accor-
danc i - i - i
conform to the requirements of ASTM E280.
The maximum acceptable severity level for a 1.0
quality factor shall be as listed in Table 102.4.6-2. MSS
SP-54 may be used for guidance. Where appropriate,
radiographic examination (RT) of castings may be supple-
mented or replaced with ultrasonic examination (UT),
provided it is performed in accordance with MSS SP-94.

ness
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and-byymagnetic
particle or dye penetrant inspection of thg finished
weld surface. All weld repairs of depthiless than 20%
of the section thickness or 1 in. (25 mm), whiichever is
the lesser, and all weld repairs of section thfat cannot
be effectively radiographed shallbe examined by magnetic
particle or dye penetrant inspection of the firgt layer, of
each ¥, in. (6 mm) thicknessof deposited weld etal, and
of the finished weld surfdce. Magnetic particle or{dye pene-
trant testing of the finnished 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 when special
methods éPexamination, prescribed by the matprial spec-
ificationy are followed. If such increase is specifically
permitted by the material specification, a flactor not
exééeding 1.0 may be applied.

102.4.7 Weld Strength Reduction Factors. At elevated
temperatures, seam welds on longitudinal-yelded or
spiral-welded pipe can have lower creep strength than
the base material. This reduction is a factor in dgtermining
the minimum wall thickness for longitudinal-velded 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 welf strength
reduction factor, W, is given in Table 102.4.7-1. The
designer is responsible to assess applicatioh of weld
strength reduction factor requirements for welds other
than longitudinal and spiral, as applicable (e.g., ¢ircumfer-
ential welds).

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

103 CRITERIA FOR PRESSURE DESIGN O
TS

F PIPING

The design of piping components shall consider the
effects of pressure and temperature, in accordance
with paras. 104.1 through 104.7, including the considera-
tion of allowances permitted by paras. 102.2.4 and 102.4.
In addition, the mechanical strength of the piping system
shall be determined adequate in accordance with para.
104.8 under other applicable loadings, including, but
not limited to, those loadings defined in para. 101.
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Table 102.4.7-1 Weld Strength Reduction Factors (WSRFs) to Be Applied When Calculating the Minimum Wall
Thickness or Allowable Design Pressure of Components Fabricated With a Longitudinal Seam Fusion Weld

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

700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Steel Group (371) (399) (427) (454) (482) (510) (538) (566) (593) (621) (649)
CrMo [Notes (8)-(10)] .. 100 095 091 086 082 077 073 068  0.64
CSEF (N + T) [Notes (8), (11), (12)] 1.00 0.95 091 0.86 0.82 0.77
CSEF (Sub Crit) [Notes (8), (13)] . 100 050 050 050 050 050 050
Austenitic stainless (incl. 800H and 800HT) [Notes (14), 1.00 0.95 091 0.86 0.82 0.77
(15)]

Autogenous]y welded austenitic stainless [Note (16)] 1.00 1.00 1.00 1.00 1.00 1.00

NOTES:

(1) NP = hot permitted.

(2) Longifudinal welds in pipe for materials not covered in this Table operating in the creep regime are not permitted. Eor the purposeq of this
Tablethe start of the creep range is the highest temperature where the nonitalicized stress values end in MandatoryAppendix A for the base
materjal involved.

(3) All wdld filler metal shall be a minimum of 0.05% C for CrMo and creep strength enhanced ferritic (CSEE) materials, and 0.04% C for
austenitic stainless in this Table.

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

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

(6) Attenjperatures below those where WSRFs are tabulated, a value of 1.0 shall be used fopthefactor, W, where required by the ruleq of this
Code Pection. However, the additional rules of this Table and Notes do not apply.

(7) Carboh 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 CfMo steels include 1Cr-Y%Mo, 1Cr-%Mo, 1Y,Cr-%Mo-Si, 2Y,Cr-1Mo, 3€r-1Mo, and 5Cr-%Mo. Longitudinal welds shall be normal-
ized, pormalized and tempered, or subjected to proper subcritical PWHT for the alloy.

(10) Longifudinal seam fusion welded construction is not permitted for C-“4Morsteel for operation in the creep range [see Notes (2) afd (4)].

(11) The CPEF steels include Grades 91, 92, 911, 122, and 23.

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

(13) Sub Cfit = subcritical PWHT is required. No exemptions from PWHT are permitted. The PWHT time and temperature shall mg¢et the
requilements of Table 132.1.1-1; the alternate PWHT requirements of Table 132.1.1-2 are not permitted.

(14) WSRFphave been assigned for austenitic stainless (including800H and 800HT) longitudinally welded pipe up to 1,500°F (816°C) as fpllows:

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
1,500 816 0.5

(15) Certain heats of the austenitic stainless steels, particularly for those grades whose creep strength is enhanced by the precipitation of t¢mper-
resistdnt carbides andicarbo-nitrides, can suffer from an embrittlement condition in the weld heat-affected zone that can lead to prenature
failur¢ of welded/components operating at elevated temperatures. A solution annealing heat treatment of the weld area mitigafes this
susceptibility:

(16) Autogpnous stainless steel welded pipe (without weld filler metal) has been assigned a WSRF up to 1,500°F (816°C) of 1.00, providpd that
the prjoduct is solution annealed after welding and receives nondestructive electric examination, in accordance with the materigl spec-
ification.
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104 PRESSURE DESIGN OF COMPONENTS

104.1 Straight Pipe

104.1.1 Straight Pipe Under Internal Pressure.
Straight pipe under internal pressure shall have a
minimum wall thickness calculated per para. 104.1.2.

104.1.2 Straight Pipe Under Internal Pressure —

Seam

less, Longitudinal Welded, or Spiral Welded

stock, the actual measured inside diameter
and actual measured minimum wall thick-
ness at the thinner end of the pipe may be
used to calculate this pressure.

outside diameter of pipe, in. (mm). For
design calculations, the outside diameter
of pipe as given in tables of standards
and specifications shall be used in
obtaining the value of t,,,, When calculating

(a)] Minimum Wall Thickness. The minimum thickness
of pipe wall® required for design pressures within the

presd

by pa
stren
(7) o

Desig]

wher

ribed temperature limits for materials permitted
ra. 123.1, including allowances for mechanical

bth, shall not be less than that determined by eq.
eq. (8), as follows:

-, %

2(SEW + Py)

tm

_ Pd + 2SEWA + 2yPA

m= (8)
2(SEW + Py —P)
h pressure shall not exceed
_ 2SEW(t,, — A) @
D, - Zy(tm - A)
2SEW(t,, — A) 10)

T d-2(t, —A) + 2,

7

A = additional thickness, i {hm)

(1) To compensate for material
removed in threading, grooving, etc.,
required toymake a mechanical joint,
refer to para,102.4.2.

(2) Toprovide for mechanical strength
of thépipe, refer to para. 102.4.4 (not
intended to provide for extreme conditions
ofmisapplied external loads or for mechan-
ical abuse).

(3) To provide for corrosion and/or

erosion, refer to para. 102.4.1.

SE or SF

tho " Hauahla vworling nracciirn f ipe on
the-allowable-werkingpressureof pip

hand or in stock, the actualyineasured
outside diameter and actual measured
minimum wall thickness-at thle thinner
end of the pipe may be used tq calculate

this pressure.
internal design‘pnéssure, psig [kPa (gage)]

NOTE: Whencéniputing the design gressure for
a pipe of-a definite minimum wall thickness by
eq. (9)-or-€q. (10), the value of P dbtained by
these formulas may be rounded fo the next
higher unit of 10. For cast iron pipf, see (b).

maximum allowable stress in mgterial due
to internal pressure and joint effjciency (or
casting quality factor) at the design
temperature, psi (MPa). The value of SE
or SF shall not exceed that|given in
Mandatory Appendix A for listed materials
or as determined per para. 123{1.2(b) for
unlisted materials, for the respedtive mate-
rial and design temperature. These values
include the weld joint efficiency, E, or the
casting factor, F.
minimum required wall thicknes}, in. (mm)

(1) Ifpipeisordered by its nominal wall
thickness, the manufacturing tolerance on
wall thickness must be taken intp account.
After the minimum pipe wall thigkness, t,,,,
is determined by eq. (7) or eq. (8), this
minimum thickness shall be indreased by
an amount sufficient to provide the manu-
facturing tolerance allowed in tHe applica-
ble pipe specification or requirfed by the
process. The next heavier commercial
wall thickness shall then be|selected
from thickness schedules|such as
contained in ASME B36.10M or frjom manu-

inside diameter of pipe, in. (mm). For
design calculations, the inside diameter
of pipe is the maximum possible value
allowable under the purchase specifica-
tion. When calculating the allowable
working pressure of pipe on hand or in

3 SF shall 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.

25

facturers’ schedules for other than stan-
dard thickness.

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

(3) For cast piping components, refer to
para. 102.4.6.

(4) Where ends are subject to forming
or machining for jointing, the wall thick-
ness of the pipe, tube, or component
after such forming or machining shall


https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

ASME B31.1-2020

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
Nickel alloyfs UNS Nos. N06617, 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.7]
N08800, [N08810, N08825

Cast iron 0.0
Other metals [Note (1)] 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
GENERAL NOTES:

(a) The value of y may be interpolated between the 50°F (27.8°C) incremental values shown in the Table.
e with a D, /t,, ratio less than 6, the value of y for ferritic and austenitic steels designed for temperatures 0f.900°F (480°C) and

(b) For pip

shall bg taken as y = d/(d + D,).

NOTE: (1)

not be less than t,, minus the additional
thickness, A, provided for removal.

W = weld strength reduction factor (see
para. 102.4.7)
= 1 for seamless pipe or for seam-welded
pipe operating below the creep range
y = coefficient having values as given in

Table 104.1.2-1

(b) Thiickness of gray and ductile iron fittings
conveyinlg liquids may be determined from ANSI/
AWWA C[110/A21.10 or ANSI/AWWA C153/A21.53.
The thickhess of ductile iron pipe may be determined
by ANSI/AWWA C115/A21.15 or ANSIJAWWA C150/
A21.50. These thicknesses include(allowances for
foundry tplerances and water hammer,

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

(1) Where steelpipe is threaded and used for steam
service atpressure@above 250 psi (1 750 kPa) or for water
service aboveA00 psi (700 kPa) with water temperature
°F+(105°C), the pipe shall be seamless, having

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
thickness at least equal to that specified above for steel
pipe of corresponding size.

(3) Plain end nonferrous pipe or tube shall have
minimum wall thicknesses as follows:

Metals listed in Mandatory Appendix A that are not covered by the categories of materials listed above.
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below

(-a) For néminal sizes smaller than NPS 3}, (DN
20), the thickness shall not be less than that specified
for Type K.of ASTM B88.

(-b)."For nominal sizes NPS %, (DN 20) and |
the walbthickness shall not be less than 0.049 in.
mmy."\The wall thickness shall be further increas
required, in accordance with para. 102.4.

hrger,
(1.25
bd, as

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

104.2 Curved Segments of Pipe

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

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

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

104.2.2 ows. Elbows manufactured in accordance
with the standards listed in Table 126.1-1 are suitable
for use at the pressure-temperature ratings specified
by such standards, subject to the requirements of para.
106.

to the
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104.3 Intersections
104.3.1 Branch Connections

(a) This paragraph gives rules governing the design 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 of the
branch and of the run is between 45 deg and 90 deg, inclu-
sive.

Br.«“r‘]r\ oRpactiaonsinamhich tha cxnallar angla hatyaan
dJ

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

(-4) thesize of the fillet weld is notless than 1.09
times the nominal wall thickness of the branch pipe.

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

(-1) the nominal size of the branch does not

T O CCtrOTIS T vy HirCr e C-STHo e ot s re-o ety Ot

the axes of the branch and the run is less than 45 deg or
brandh connections where the axes of the branch and the
run dp not intersect impose special design and fabrication
problems. The rules given herein may be used as a guide,
but spfficient additional strength must be provided to
ensute safe service. Such branch connections shall be
desighed 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 fqllowing:

7) fittings, such as tees, laterals, and crosses made in
accofdance with the applicable standards listed in
Tabl¢ 126.1-1 where the attachment of the branch
pipe fo the fitting is by butt welding, socket welding,
brazing, soldering, threading, or a flanged connection.
?) weld outlet fittings, such as cast or forged
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\a
flanged connection. Such weld outlet fittings are attached
to the run by welding similar to that shown in
Figurle 127.4.8-5 or Figure 127.4.8-6, as applicable.
MSS $P-97 may be used for design and njanufacturing
standards for integrally reinforced forged branch
outlet fittings. Couplings are restricted*to a maximum
of NPS 3 (DN 80).

3) extruded outlets at right angles to the run pipe, in
accorfdance with (g), where the.attachment of the branch
pipe Is by butt welding.

4) piping directlynattached to the run pipe by
welding in accordance-with para. 127.4.8 or by socket
weldillng or threading as stipulated below.

(-a) socketwelded right angle branch connections
may Be madé by attaching the branch pipe directly to the
run piipe @rovided

(-1) the nominal size of the branch does not

""""" NRS2{(PN-501-oronefourth-ofthq nominal
size of the run, whichever is smaller.
(-2) the minimum thread engagemeént 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 NPS2 (DN 50) branches. If
the run pipe wall does not have sufficient thickness to
provide the proper depth forthread engagemenit, an alter-
native type of construction'shall be used.
(c) Branch Connections Not Requiring Reinfofcement. A
pipe having a branch connection is weakenpd by the
opening that mustbe made in it. Unless the wall thickness
of the branch-and/or run pipe is sufficiently in] excess of
that required’to sustain the pressure, it is nefessary to
provide.additional material to meet the reinfor¢ement re-
quirements of (d) and (e). However, there afe certain
branch connections for which supporting cajculations
are not required. These are as follows:

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

(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 diamqter of the
branch does not exceed NPS 2 (DN 50) or dne-fourth
the nominal diameter of the run, whichever ig less. The
minimum wall thickness of the coupling anywhere in
the reinforcement zone (if threads are in fthe 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 branch pipe. In no case shall the|thickness
of the coupling be less than that of ASME B16.11, Class
3000.

Small branch connections NPS 2 (DN 50) orfsmaller as
shown in Figure 127.4.8-7 may be used, providdd t,, is not

bf a fitting
manufac-

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.
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[ess than the thickness of Schedule 160 pipe of the branch
size.

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

(4) integrally reinforced extruded outlets in the run
pipe. The reinforcement requirements shall be in accor-
dance with (g).
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(d) Branch Connections Subject to Internal Pressure
Requiring Reinforcement
(1) Reinforcement is required when it is not
provided inherently in the components of the branch
connection. This subparagraph gives rules covering the
design of branch connections to sustain internal pressure
in cases where the angle between the axes of the branch
and of the run is between 45 deg and 90 deg.
Subparagraph (e) gives rules governing the design of

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

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

Forrightangle connections, the required reinforce-
ment becomes

Ay = Ag = (tyy — A)d)

connectiops-te-sustain—external-pressure:
2) Higure 104.3.1-1 illustrates the notations used in
(2) Hieg . i The required reinforcement must be within the
the pressfire-temperature design conditions of branch - . . . R
. . limits of the reinforcement zone as defined)in (-dJ.
connectiops. These notations are as follows: . .
. . (-c) The reinforcement requiredrby “(2) shpll be
b| = subscript referring to branch . -
.. . o g . . that provided by any combination of.areas A4, 4,, 43,
dy| = inside centerline longitudinal dimension of ) f g
.. .. A4, and A5, as defined below andnillustrated in Higure
the finished branch opening in the run of the
ipe, in. (mm) 104.3.1-1 where
pipe, in- . A; = area provided by excess/pipe wall in the fun
= [Dob - Z(Tb - A)]/Sln a — -d _
e i : ; ; = (2dz - d)(Th - tofi)
d,| = “half width” of reinforcing zone, in. (mm) .2 2 . . .
A, = area, in.” (mm?),\provided by excess pipe wall in
= the greater of d; or (T, - A) + (T, - A) +d1/2 .
¥ b the branch for'a distance, L4, above the run
but in no case more than D, in. (mm) .
. . . = 2Ly (Ty —&4p)/sin a
D,y = outside diameter of branch, in. (mm) \ .
. . . Az = area provided by deposited weld metal b¢yond
D, = outside diameter of header, in. (mm) Y .
: . the.otitside diameter of the run and brfanch,
h[ = subscript referring to run or header . .
. . . and for fillet weld attachments of rings, [pads,
L4 = altitude of reinforcement zone outside of
) and saddles
run, in. (mm) Ag(="area provided by a reinforcing ring, pad, of inte-
= 2.5(Ty - A) + t, or 2.5(T}, - A), whichever is X pr y § Ing, pad,
smaller gral reinforcement. The value of A4 may be ftaken
. in the same manner in which excess header metal
Ty, Ty = actual wall thickness (by measurement) or . . .
. . L is considered, provided the weld completely|fuses
the minimum wall thickness permissible : . - .
e the branch pipe, run pipe, and ring or pad, or inte-
under the purchase specification of the . .
L gral reinforcement. For welding branch connec-
branch or header pipe, in. (mm) .
. . : . tions refer to para. 127.4.8.
by g = required minimum wall thickness/in, (mm), As = area provided by a saddle on right angle connec
of the branch or header pipe as determined > tionsp y g g
by_use ofeq. (7) oreq.(8) in R 104.1.2(?1) = (0.D. of saddle - D,y)t,
t| = thickness of attached reinforcing pad, in .
. . Ag = pressure design area expected at the end of
Example A, in. (mm);“or height of the .
. . service life
largest 60 deg right.triangle supported by - A)d
the run and braneh outside diameter mh !
rojected surfaces and lying completel
Proj€ . ying P y Portions of the reinforcement area may be
within the<@rea of integral reinforcement, :
. . composed of materials other than those of thg run
in Example)B, in. (mm) . , ) )
_ pipe, but if the allowable stress of these materijals is
al = angle-bétween axes of branch and run, deg ) .
less than that for the run pipe, the corresponding falcu-
. . o lated reinforcement area provided by this material shall
(-a) If@he run pipe contains a longitudinal seam . - .
. > be reduced in the ratio of the allowable stress peing
that is ndt intersected by the branch, the stress value liad I e Na additianal leadi
applie tothe reinforcement area o-a 1tiona redlt

of seamless pipe of comparable grade may be used to
determine the value of t,,,;, for reinforcement calculations
only. Ifthe branch intersects alongitudinal weld in the run,
or if the branch contains a weld, the weld joint efficiency
for either or both shall enter the calculations. If the branch
and run both contain longitudinal welds, care shall be
taken to ensure that the two welds do not intersect
each other.
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shall be taken for materials having higher allowable
stress values than the run pipe.

(-d) Reinforcement Zone. The reinforcement zone
is a parallelogram whose width shall extend a distance, d,,
on each side of the centerline of the branch pipe, and
whose altitude shall start at the inside surface of the
run pipe and extend to a distance, L4, from the outside
surface of the run pipe.
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Figure 104.3.1-1 Reinforcement of Branch Connections
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Figure 104.3.1-1 Reinforcement of Branch Connections (Cont’d)
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GENERAL NOTES:

(a) This Figure illustrates the nogenclature of para. 104.3.1(d).
(b) Required reinforcement area F A; = A¢ (2 - sin @) = (tmn — A)d; (2 - sin a).

(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 welding thatmeet the above requirement are shown in Figure 1
(2) Width to height of rings and palds shall be reasonably proportioned, preferably on a ratio as close to 4:1 as thé.available horizontal space within the limits of

|
<
ader or _/ T\A

1

run pipe

Detail
for Example A
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=A; + Ay + A3 + A4 + As (as applicable).
2 required reinforcement area.

Reinforcement
area

T

(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).
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A
fe i t, |
i AP0¢es| |
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Example B

(b)

is considered, provided the weld
b7.4.8-44, illustrations (c) and (d).
he reinforcing zone along the run
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(-e) Reinforcement of Multiple Openings. It is
preferred that multiple branch openings be spaced so
that their reinforcement zones do not overlap. If closer
spacing is necessary, the following requirement shall
be met. The two or more openings shall be reinforced
in accordance with (2), with a combined reinforcement
that has a strength equal to the combined strength of
the reinforcement that would be required for the separate
openings. No portlon of the cross sectlon shall be consid-

more|than once in a Comblned area.

When more than two adjacent openings are
provlided with a combined reinforcement, the
minimum distance between centers of any two of
these| openings should preferably be at least 1% times
their [average diameter, and the area of reinforcement
betwgen them shall be at least equal to 50% of the
total fequired 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
saddlp to provide venting during welding and heat treat-
ment] Refer to para. 127.4.8(e).

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

(-g) Other Designs. The adequacy of designs to
whiclh the reinforcement requirements of para. 1043
canngt be applied shall be proven by burst or proof
tests pn scale models or on full-size structures, or,by calcu-
lations previously substantiated by successful Service of
similgr design.

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

0.5t,,1d1 (25 sin a)

wherg t,,, is the required header wall thickness deter-
minegl for straight pipe under external pressure, using
procedures outlinedin ASME BPVC, Section VIII, Division
1, UG{28, UG-29,UG-30, and UG-31.
Prgcedures.éstablished heretofore for connections
subjeft to-internal pressure shall apply for connections
subjeft to external pressure provided that D,,, D,p and

tion shall be analyzed considering the stress intensifica-
tion factors as specified in ASME B31]. Use of ribs, gussets,
and clamps designed in accordance with para. 104.3.4 is
permissible to stiffen the branch connection, but their
areas cannot be counted as contributing to the required
reinforcement area of the branch connection.
(g) Extruded Outlets Integrally Reinforced
(1) The following definitions, modifications, nota-
tions, and requlrements are spec1f1cally applicable to
a oper wall
thickness allowances in order that theyrequired
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 outflet has an
altitude above the surface ofthie run that is egual to or
greater than the radius 6f 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 rulés do not apply to any nozzle in which addi-
tional nonintegral material is applied in the form of rings,
pads, or’saddles.
(4) The notation used herein is illusftrated in
Figdre 104.3.1-2. All dimensions are in incHes (milli-
Teters).
d, = corroded internal diameter of brpnch 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
h, = heightofthe extruded lip. This mus$t be equal
to or greater than r,, except as shown in (b)
under the definition of r,.
Lg = altitude of reinforcement zone

= 0.7 /Dy T,

0
r1 = half width of reinforcement zong (equal to
dc)
r, = radius of curvature of external ¢ontoured
portion of outlet measured in fhe plane
containing the axes of the|run and
branch. This is subject to the following
limitations:

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

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

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

(-b) Maximum Radius. For outlet pipe
sizes 6 in. (150 mm) nominal and larger,
this dimension shall not exceed 0.10D,, +
0.50 in. (0.10D,;, + 12.7 mm). For outlet
pipe sizes less than NPS 6 (DN 150), this
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Figure 104.3.1-2 Reinforced Extruded Outlets
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dimension shall be not greater than 1.25 in.
(32 mm).

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

ragirramante of (o) and (1Y)
Feqgtt S =S

A1+A2+A4

as defined below.

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

A= dc(Th - 1"mh)

(-b) Area A, is the area lying within the reinforce-
ment zone resulting from any excess thickness available in

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

Ty — A = actual wall thickness (by measurement) or
the minimum wall thickness permissible
under the purchase specification of the
branch pipe minus the corrosion allowance,
in. (mm)
Ty — A = actual wall thickness (by measurement) or
the minimum wall thickness permissible
under the purchase specification of the
header pipe minus the corrosion allowance,
in. (mm)
tml — A = required thickness of branch pipe according
to wall thickness eq. (7) or eq. (8) in para.
104.1.2(a), but not including any thickness
for corrosion
tmr = A = required thickness of the run according to
eq. (7) or eq. (8) in para. 104.1.2(a), but
not including any allowance for corrosion
T, = corroded finished thickness of extruded
outlet measured at a height equal to r,
above the outside surface of the‘run

5) The required area is defined:as
Ay = K(tmh - A)dc

wherg K shall be taken as follows:
For D,,/D,, greater than{0:60,

K =1.00

For DO,,/D,, gteadter than 0.15 and not exceeding 0.60,

2
K = 06 + :Dob/Doh

the branch pipe wall.
Ay = 2Lg(Tj = typ)

(-c) Area A, is the area lying within thereinforce-
ment zone resulting from excessithickness availpble in the
extruded outlet lip.

Ay = 2 T4 (T, - 4))

(7) Reinforeement of Multiple Openipgs. It is
preferred that multiple branch openings be ppaced so
that their reinforcement zones do not overlap. If closer
spacing is"necessary, the following requiremjents shall
be met: The two or more openings shall be geinforced
in acdeordance with (g) with a combined reinforcement
that;has a strength equal to the combined s{rength of
the reinforcement that would be required for separate
openings. No portion of the cross section shall pe consid-
ered as applying to more than one opening, or belevaluated
more than once in a combined area.

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

104.3.3 Miters. Miter joints, and the terminology
related thereto, are described in ASME B31]] A widely

spaced miter with
tn
0<9,/—deg
r

shall be considered to be equivalent to a girth bytt-welded
joint, and the rules of this paragraph do not agply. Miter
joints, and fabricated pipe bends consisting of s¢gments of
straight pipe welded together, with 6 equal to pr greater

For D,,/D,, equal to or less than 0.15,

K =10.70

The design must meet criteria that the reinforcement
area defined in (6) is not less than the required area.

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

than-this-cateutated-value-maybeused-withinthe limita-
tions described below.
(a) Pressure 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 contains a segment that has a dimension

B < 6t,

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

(20)
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(3) The contained fluid is nonflammable, nontoxic,
and incompressible, except for gaseous vents to atmo-
sphere.

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

(5) Full penetration welds are used in joining miter
segments.

(b) Pressure shall belimited to 100 psi (700 kPa) under
the conditions defined in (a)(2) through (a)(5), in addition
to the follew

104.4 Closures

104.4.1 General. Closures for power piping systems
shall meet the applicable requirements 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 threaded or
welded plugs, caps, or blind flanges, manufactured in
accordance with standards listed in Table 126.1-1, and
used within the specified pressure-temperature

AZIICe
Tt

(1) the angle 0 does not exceed 22.5 deg
(2) the assembly does not contain any segment that
has a dimension

B < 6t,

(c) Mitersto be used in other services or at design pres-
sures aboye 100 psi (700 kPa) shall meet the requirements
of para. 1p4.7.

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

(2) When justification under para. 104.7 is based on
an analys|s, that analysis and substantiating tests shall
consider the discontinuity stresses that exist at the junc-
ture betwgen segments, both for static (including brittle
fracture) and cyclic internal pressure.

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

(-q
B31] for d

For closely spaced miter bends (see ASME
efinition)
A 2—-r/R
ST M1 —r/R)

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

ty = t,u(1 + 0.64=/x/i, tan 0)
(The aboye equation requires an iterative or quadratic
solution fpr ¢;.)

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

34

ratings, or

(b) in accordance with the rules containged |im 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

Fshall
given

The symbol A 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 cldsures
may be made by welding, extruding, or threading. Aftach-
ment to the closure shall be in accordance with the ljmita-
tions 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 closurg, the
opening shall be designed as a reducer in accorglance
with para. 104.6.

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

ccor-
for a

(72}

104.5 Pressure Design of Flanges and Blank

- Tdl

(a) Flanges of sizes NPS 24 (DN 600) and smaller that
are manufactured in accordance with ASME B16.1 and
ASME B16.5 shall be considered suitable for use at the
primary service ratings (allowable pressure at service
temperature) except the slip-on flanges to ASME B16.5
shall be limited in application to no higher than Class
300 primary pressure service rating. Refer to
para. 127.4.4.
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For 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 the limitations of their application.

Flanges not made in accordance with the specifications
and standards listed in Table 126.1-1 shall be designed in
accordance with ASME BPVC, Section VIII, Division 1,
except that the requirements for fabrication, assembly,

104.5.3 Blanks

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

inspegtionrand-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, S4, |5, and Sj; shall have the meanings described below
instead 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 converted from MPa to kPa)

For certain specific applications, see the limitations of
paras} 122.1.1(f) through 122.1.1(h).

(b)| These flange design rules are not applicable to flat
face flesigns employing full face gaskets that extend
beyond the bolts.

(c)| The bolt design stress in (a) shall be as established
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 Hy such standards;

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

t,=t+A (13)

where

ty =t + A
where
= pressure design thickness as calculated from
eq. (14)
—3P (14)
t=4d
8\ 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 flahges, in. (mm)

(b) Blanks to be used fontest 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 th'etest pressure and [SE [see
para. 104.1,2(d), footnote 3] may be taken as th¢ specified
minimum(yield strength of the blank material [if the test
fluid isnincompressible.

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

104.6 Reducers

Flanged reducer fittings manufactured in afcordance
with the standards listed in Table 126.1-1 shall pe consid-
ered suitable for use at the specified pressurettempera-
ture ratings. Where butt welding reducers are jmade 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 Compopents

104.7.1 Listed Components. Pressure-cpntaining
components manufactured in accordance with the stan-
dards listed in Table 126.1-1 shall be considerdd suitable
for use under normal operating conditions at or|below the
specified pressure-temperature ratings. Howyever, the
user is cautioned that where certain standardg or manu-
facturers may impose more restrictive allowances for
variation from normal operation than those eptablished
by this Code, the more restrictive allowances shall apply.

= pressure design thickness as calculated for the
given style of blind flange from the appropriate
equations for bolted flat cover plates in ASME
BPVC, Section I. Certain notations used in these
equations, namely P and SE [see
para. 104.1.2(a), footnote 3], shall be considered
to have the meanings described in para.
104.1.2(a) instead of those given in the ASME
Code. All other notations shall be as defined in
the ASME Code.

104.7.2 Specially Designed Components. The pres-
sure design of components not covered by the standards
listed in Table 126.1-1 or for which design formulas and
procedures are not given in this Code shall be based on
calculations consistent with the design criteria of this
Code. These calculations shall be substantiated by one
or more of the means stated in (a) through (d).

(a) extensive, successful service experience under
comparable conditions with similarly proportioned
components of the same or similar material

(20)
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Figure 104.5.3-1 Types of Permanent Blanks
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(b) explerimental stress analysis, such as described i
ASME BPYC, Section VIII, Division 2, Annex 5-F

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

(d) deffailed stress analysis, such as finite element
method, in accordance with ASME BPVC, Section VIII, Divi-
sion 2, Pqrt 5, except that the basic material allowable
stress flrom the Allowable, Stress Tables of
Mandatofy Appendix A or ag~calculated per para.
123.1.2(b) shall be used in place of S,

Foranylof (a) through (d)sitis permissible to interpolate
between dizes, wall thicknésses, and pressure classes and
to determfine analogies.among related materials.

Calculations and decumentation showing compliance
with this [paragraph shall be available for the owner’s
approval gnd,for boiler external piping, they shall be avail-
able for the‘Authorized Inspector’s review.

pipe and fittings, the pressure term in Figure 104.8-1,
egs. (15) and (16) may be replaced with the altermnative
term for S, as defined in para. 102.3.2(a)(3). The prgssure
term in eqs. (15) and (16) may not apply for bellows and
expansion joints. When evaluating stresses in the vicinity
of expansion joints, consideration must be given to actual
cross-sectional areas that exist at the expansion jgint.

104.8.1 Stress Due to Sustained Loads. The effdcts of (20)

pressure, weight, and other sustained mechanical |loads

shall meet the requirements of Figure 104.8-1, eq.
(15). The nomenclature for the equation is as follpws:

A, = cross-sectional material area ¢f the

pipe

D, = nominal outside diameter of th¢ pipe

F, = longitudinal force due to weight and

other sustained loads (excluding pres-

104.8 Analysis of Piping Components

To validate a design under the rules in this paragraph,
the complete piping system must be analyzed for condi-
tions and criteria dealing with the effects of thermal
expansion, including movements of equipment,
anchors, guides, and restraints, weight and other
sustained loads, and applicable occasional loads such
as those described in para. 101. Each component in
the system must meet the limits in this paragraph. For

Y
SUuItTj

NOTE: Compressive forces are negative
values.

I, = sustained longitudinal force index. In
the absence of more applicable data, I,
is taken as 1.00.

I; = sustained in-plane moment index. In
the absence of more applicable data,
I; is taken as the greater of 0.75i;
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Figure 104.8-1 Equations (15), (16), and (17)

ST UgMo? |

~

< ks,

= PP , lafa ItMea)) 2
(15) SL - 4t + Ap + 7 _|_( Z ) S Sh
2 2
16) S, = [PoDoJrlan +J(1iMiB>2+aoMoB>2] ()
2
— taFe \/(iiMiC)Z‘l'(ioMoC)zl leMtc 2
(175 = [Ap * z +(z) < 5S4

and 1.00 (i; taken from ASME B31],
Table 1-1).

ered,as occasional loads if the time limitations offthe term k

are met.

pressure),

ing for no

torsional
due to

I, = sustained out-of-plane moment index. Terms for eq. (16) are as defined in para. 104.8.1, except
In the absence of more applicable data F, = longitudinal force due to we|ght, other
I, is taken as the greater of 0.75i, and sustained loads (excluding
1.00 (i, taken from ASME B31],Table and occasional loads [see
1-1). para. 104.8.4(b)]
I, = sustained torsional moment index. In NOTE: Compressive forces afe negative
the absence of more applicable data, I, values.
is tak th ter of 0.75i, and
lls 022) e(rll atsakeeng?reineqr:SME g;;‘] k = 1.15 for occasional loads ac
T;ible 1_t1) ’ more than 8 hr at any one time and no
M4, M,y My = in-plane, dut-of-plane, or torsional mo rio;g‘;n 800 hr/yr [see
moment,/ respectively, due to para. - _(a)]
sustained loads [see para. 104.8.4(a)] = 1.2 for occasional loads acltmg for no
P = igy™nal design pressure (see more than 1 hr at any one time and no
Bara. 101.2.2) more than 80 hr/yr [see
Sy==sbasic material allowable stress at para. 102.3.3(a)]
design temperature [see Mg, Mg M = in-plane, out-of—plage, or
paras. 101.3.2 and 102.3.2(b)] mortn‘?“ta qesge“l”’ely e
S, = stresses due to pressure, weight, and sustained foads pius ogceasiona
L. —— loads [see para. 104.8.4(b)
ULIICT SUSUAIIITU 1TU4AUS . . .
t, = nominal wall thickness of pipe P, = pressure comgdent with the occa-
Z = nominal section modulus of pipe sional load being evaluated .
S, = stresses due to pressure, weight,

(20)

104.8.2 Stress Due to Occasional Loads. The effects of

pressure, weight, other sustained loads, and occasional
loads shall meet the requirements of Figure 104.8-1,
eg.(16). Theloads described in para. 101.5 may be consid-

sustained loads, and occasional loads

104.8.3 Stress Due to Displacement Load Ranges. The
effects of thermal expansion and other cyclic loads shall
meet the requirements of Figure 104.8-1, eq. (17).

Terms are as defined in para. 104.8.1, except

(20)
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Figure 104.8.4-1 Cross Section Resultant cycle should be used rather than the reference displace-
Moment Loading ment range cycle.
DELETED
PART 3
SELECTION AND LIMITATIONS OF PIPING
F. = axial force range due to reference dis- COMPONENTS
placement load range 105 PIPE
NOTE: Compressive forces are negative
values. 105.1 General
I = axial force stress intensification factor. Pipe conforming to the standards and spegifications
In the absence of more applicable data, listed in Mandatory Appendix A shall be used within
i = 1.0 for elbows, pipe bends, and  the range of temperatures for which allowable stfesses
miter bends (single, closely spaced, are given within the limitations specified herein.
and widely spaced), and i, = i, (or i
when listed) in ASME B31] for other ~ 105.2 Metallic Pipe
components .
i} i, I, = in-plane, out-of-plane, and torsional 105.2.1 Ferrous Pipe
stress intensification factors, respec- (a) Furnace butt welded steel pipe shall not be usgd for
tively, for piping component as flammable, combustible, or toxic fluids.
defined by ASME B31], Table 1-1 (b) Ductile iron.pipe may be used for design predsures
M;c M, M,c = in-plane, out-of-plane, or torsional within the ratifjgsestablished by the standards and ppeci-
moment, respectively, loading range fications listed in Tables 126.1-1 and A-5 and Notes
on the cross section due to the refer- thereto, and the limitations herein and in para. 124.6.
ence displacementload range. For flex- Ductile(ibon pipe shall not be used for flammable, cofbus-
ibility analyses, the moments due to tibléjor toxic fluids. Temperature limits for the I;e of
the ambient to normal operating ductile iron pipe are often determined by the type of elas-
temperature range and eq. (1A) are tomeric gasket used in the pipe joints, or the lining mate-
typically used [see paras. 102.3.2(b); rial used on the internal surface of the pipe. It |s the
104.8.4(a), and 119.7]. responsibility of the designer to determine whiether
S, = allowable cyclic displacement stress these components are suitable for use in the partjcular
range [see para. 102.3.2(b)(d)] application being considered. See para. 106.1(e).
Sg = reference displacement, stress range
[see para. 104.8.4(c)] 105.2.2 Nonferrous Pipe
(a) Copper and brass pipe for water and steam s¢rvice
104.8.4) Application of Forces and-Moments may be used for design pressures up to 250 psi (1 750 kPa)
(a) Foy Figure 104.8-1, eqs,4+5) through (17), for  3nd for design temperatures to 406°F (208°C).
moment ¢onvention to calculate-stresses, the designer (b) Copper and brass pipe for air may be used in gccor-
may refer to ASME B31], Figare 1-1 for moments in  gance with the allowable stresses given in the Allojvable
branch cpnnections and~ASME B31], Figure 1-2 for Stress Tables.
pipe bends or welding elbows. (c) Copper tubing may be used for dead-end ifstru-
(b) When combining forces and moments due to  ment service with the limitations statdd in
weight, other sustained loads and forces, and occasional para. 122.3.2(d).
loads, if the method of analysis for occasional loads, such (d) Copper, copper alloy, or aluminum alloy pipe or
as earthquakeor other dynamicloads, is such that only the tube may be used under the conditions statpd in

force and moment magnitudes without relative algebraic
signs are obtained, the most conservative combination of
the signed and unsigned forces and moments shall be
used.

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

para. 124.7. Copper, copper alloy, or aluminum pipe or
tube shall not be used for flammable, combustible, or
toxic fluids except as permitted in paras. 122.7 and 122.8.

105.3 Nonmetallic Pipe

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

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

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

conditions has been established by test or experience.
Temperature limits for bell and spigot fittings in nonme-
tallic pipe shall be per para. 105.3.

106.2 Bends and Intersections

Bends and extruded branch connections may be used
when designed in accordance with the provisions of
paras. 104.2 and 104.3, respectively. Miters may be
used within the limitations of para. 104.3.3.

(d)

used

.................................................
in applications where

1) satisfactory service experience exists

?) the pressure and temperature conditions are
h the manufacturer’s recommendations

3) the conditions described in paras. 104.7, 124.7,
and 124.9 are met

withi

106
106.]

(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
powelr piping systems within the material, size, pressure,
and temperature limitations of those standards, and
withih any further limitations specified in this Code. Mate-
rial for fittings in flammable, combustible, or toxic fluid
systems shall, in addition, conform to the requirements.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 standardslisted in Table 126.1-1 may be used
up tg the manufacturer’s pressure;and temperature
ratings, provided they are radiographed in accordance
with MSS SP-54. Fittings with~disContinuities in excess
of thgse permitted by MSS/SR=54 shall be rejected. The
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
penetration.welds, double fillet welds, or threading. Fabri-
cated|ends attached by single fillet welds are not accept-
able.

FITTINGS, BENDS, AND INTERSECTIONS
Fittings

106.3 Pipe Couplings and Unions

(a) Castiron and malleable iron pipé€ ¢ouplings shall be
limited 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-
dance with MSS SP-83 may‘be used, provided the system
design conditions are‘within the standard’s listed pres-
sure-temperature¢ratings.

106.4 Flexible Metal Hose Assembly

(a) Flexible metal hose assemblies may ble used to
provideflexibility in a piping system, to isolate or
contrel’vibration, or to compensate for misglignment.
Thé’/design conditions shall be in accorddnce with
pdra. 101 and within the limitations of the assembly as
recommended by the manufacturer. The basi$ for their
application shall include the following service cpnditions:
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 effe¢ts during
service conditions and nonoperating periods. Type of
end-connector components shall be consistenf with the
requirements of this Code.

(b) A flexible metal hose assembly, consist
continuous length of seamless or butt welded tube
with helical or annular corrugations, is not limited 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 or brazing. For application
in toxic fluid systems, it is recommended that the designer
also review the standards published by the rel¢vant fluid

ng of one

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

39

industry for any additional safety and materials require-
ments that may be necessary.

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

and ASME B16.34. MSS SP-25 may also be used for
guidance.

107.3 Ends

Valves may be used with flanged, threaded, butt
welding, socket welding, or other ends in accordance
with applicable standards as specified in para. 107.1(a).

107.4 Stem Threads

required {i the mdividual standards and speciiications
listed in Thble 126.1-1, such steel valves shall be pressure
tested in pccordance with MSS SP-61.

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

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

means in flesign, installation, and/or operation to ensure
that the pjressure in the valve shall not exceed the rated
pressure for the attained temperature. A relief device used
solely fofr the overpressure protection from such
entrapped fluid and conforming to (a) or (b) need not
comply with the requirements of para. 107.8. Any pene-
tration 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 ffom blowout by an assembly that functiofisinde-
pendently of the stem seal retainer shall be used.

(e) Materials used for pressure retention.for valves in
flammablg, combustible, or toxic fluid systems shall in
addition ¢onform to the requirements-ef paras. 122.7
and 122.4.

(f) When selecting diaphragmyvalves in accordance
with MSS $P-88, the designer shall specify the proper cate-
gory presfure-temperature-rating for the system design
conditions, and should.cefisider the expected in-service
and shelf [lives of thesdiaphragm material.

(g) Prgssure-régulating valves may have pressure
ratings in pccordance with ANSI/FCI Standard 79-1. Regu-
lators haying-two static pressure ratings, i.e., inlet vs.
outlet, shfall{be installed with adequate overpressure

Where threaded stem valves are used, stem threads may
be internal or external with reference to the valve-b¢nnet.
Outside screw and yoke design shall be used forvalves NPS
3 (DN 80) and larger for pressures abovex600 psi (4135
kPa). This requirement is not applicable to quartey-turn
valves that comply with all other pbevisions of this|Code.

107.5 Bonnet Joints

Bonnet joints may besflanged, welded, pressurg seal,
union type, or other design, except that scrpwed
bonnet connections‘in which the seal depends| on a
steam-tight thre€aded joint shall not be permitted as
source valves{in Steam service at pressures abovg 250
psi (1750 kPa).

107.6. Bypasses

Sizes of bypasses shall be in accordance with MSS FP-45
as a minimum standard. Pipe for bypasses shall be af least
Schedule 80 seamless, and of a material of the [same
nominal chemical composition and physical propgrties
as that used for the main line. Bypasses may be infegral
or attached.

107.8 Pressure-Relieving Valves and Devices

107.8.1 General. Pressure-relieving valves and d¢vices
shall conform to the requirements specified in this| Code
for flanges, valves, and fittings for the pressurefs and
temperatures to which they may be subjected.

107.8.2 Pressure-Relieving Valves on Boiler Exfernal
Piping. Safety, safety relief, and power-actuated pregsure-
relieving valves on boiler external piping shall be in accor-
dance with para. 122.1.7(d).

107.8.3 Pressure Relief Requirements on Nonboiler
External Piping

protection devices to prevent excessive downstream pres-
sure resulting from any system failure. Refer to
paras. 122.5 and 122.14.

107.2 Marking

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

40

{a) Reheater satety valves on reneat piping shall
conform to para. 122.1.7(d).

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

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

(20)
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(d) Valves and devices in (b) and (c) shall be
constructed, manufactured, rated, and marked in accor-
dance with the requirements of ASME BPVC, Section VIII,
Division 1, UG-128 through UG-132 and UG-136 through
UG-138.

(e) Capacity certification and the ASME Certification
Mark and Designator are not required for valves with
set pressures 15 psig [100 kPa (gage)] and lower.

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

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

108.1 Flanges

Flahges shall conform to the design requirements of
paraf 104.5.1 or to the standards listed in Table
126.1-1. They may be integral or shall be attached to
pipe py threading, welding, brazing, or other means
withif the applicable standards specified in Table 126.1-1.

108.2 Blanks

Blajnks shall conform to the design requirements of
para.|104.5.3.

108.3 Flange Facings

Flahge facings shall be in accordance with the applicable
standards listed in Tables 112-1 and 126.1-1.*When
bolting Class 150 standard steel flanges to-flat face
cast ron flanges, the steel flange shall befurnished
with 4 flat face. Steel flanges of Class 300 raised face stan-
dard may be bolted to Class 250 raised\face cast iron.

108.4 Gaskets

Gagkets shall be made of materials that are not injur-
iously affected by the fluid-0r-by temperature. They shall
be infaccordance with Table 112-1.

108.5 U.S. Customary Bolting
10§4.5.1 General

(a)| Bolts)bolt studs, nuts, and washers shall comply
with ppplicable standards and specifications listed in

ASME heavy hexagonal nuts. Headed alloy bolts shall not
be used with other than steel or stainless steel flanges.

(e) All alloy steel bolt studs and carbon steel bolts or
bolt studs and accompanying nuts shall be threaded in
accordance with ASME B1.1 Class 2A for external
threads and Class 2B for internal threads. Threads

shall be the coarse-thread series except that alloy steel
bolting 1% in. and larger in diameter shall be the 8-
pitch-thread series.

re, hex, or
heavy hex heads (ASME B18.2.1) and shall be jused with
hex or heavy hex nuts (ASME B18.2.2)~For polt sizes
smaller than %, in., square or heavy hex Heads and
heavy hex nuts are recommended. For bolt sigzes larger
than 11/2 in., bolt studs with a hex*or heavy hex nut on
each end are recommended./Bor cast iron ¢r bronze
flanges using ¥, in. anddarger carbon ste¢l headed
bolts, square nuts may.be\used.

108.5.2 For the various combinations of flange mate-
rials, the selectiop\of bolting materials and relpted rules
concerning flange faces and gaskets shall be in apcordance
with para,.108 ‘and Table 112-1.

108.5:3 " Bolting requirements for compopents not
covered by para. 108.5.2 shall be in accordance with
pata: 102.2.2.

108.6 Metric Bolting

108.6.1 General. The use of metric bolts, holt studs,
nuts, and washers shall conform to the genergl 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 treads 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
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 ASME
B18.2.3.6M, respectively. Heavy hex heads afe recom-
mended for headed bolt sizes M18 and smallgr.

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

Tablest12=tamdt—126- =t —Boltsamdbottstuds—shatt
extend completely through the nuts.

(b) Washers, when used under nuts, shall be of forged
or rolled material with steel washers being used under
steel nuts and bronze washers under bronze nuts.

(c) Nuts shall be provided in accordance with the re-
quirements of the specification for the bolts and bolt studs.

(d) Alloy steel bolt studs shall be either threaded full
length or provided with reduced shanks of a diameter not
less than that at the root of the threads. They shall have

108.6.2 Responsibilities When Specifying or Allowing
Metric Bolting

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

(b) The designer shall ensure that the selected metric
size will fit within the flange bolt holes, and that adequate
space exists for bolt heads, nuts, and the assembly tool.
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(c) In those instances where the selected metric bolt
size is smaller in root thread area than the corresponding
U.S. Customary size, the designer shall ensure that the
selected size is capable of the required assembly
torque and of producing the required gasket loading to
adequately seal at design pressure. Further, the designer
shall ensure sufficient contact area exists between the
flange metal and both the nut and bolt head to withstand
the required bolt loading. If not, larger bolting or a higher

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 socket
welded joints 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 in accordance
with requirements of para. 104.3.1(b)(4).

flange clags-shall-be-selected: 111-3-4Drainsand-bypasses—maybeattached to a
fitting or valve by socket welding, provided thie gocket
depth, bore diameter, and shoulder thickness!conform

PART 4 to the requirements of ASME B16.11.

SELECTION AND LIMITATIONS OF PIPING JOINTS
111.4 Fillet Welds

110 PIPING JOINTS

The typge of piping joint used shall be suitable for the
design conditions and shall be selected with consideration
of joint tightness, mechanical strength, and the nature of
the fluid handled.

111 WELDED JOINTS

111.1 Geperal

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

All weldls shall be made in accordance with the appli-

cable req\l:irements of Chapter V.

111.2 Butt Welds

111.2.1 | Design of Butt Welds. The design,of butt welds
shallinclude the evaluation of any expectedjeint misalign-
ment [parp. 127.3(c)] that may result frem.specification of
joint geonjetries at variance with the reeommendations of
this Code

111.2.2| Backing Rings for,Butt Welds. If backing rings
are used In services where'their presence will result in
severe coprosion or erosion, the backing ring shall be
removed |[and the jnternal surface ground smooth. In
such services, whéype it is impractical to remove the
backing 1fing,-cénsideration shall be given to welding
the joint Witheut a backing ring, or with a consumable
type insertt+ing

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

111.5 Seal Welds

Seal welding of éonnections, including threaded
may be used teyavoid joint leakage, but the welding
notbe considered as contributing any strength to the
Also see para. 127.4.5. Seal welded threaded join
subjectcto the limitations of para. 114.

oints,

shall
joint.
(s are

112 FLANGED JOINTS

Flanged joints shall conform to paras. 108 and 11{0 and
Table 112-1.

113 EXPANDED OR ROLLED JOINTS

Expanded or rolled joints may be used where e
ence or test has demonstrated that the joint is suitah
the design conditions and where adequate provisio
made to prevent separation of the joint.

kperi-
le for
1S are

114 THREADED JOINTS

Threaded joints may be used within the limitg
specified in para. 106 and within the other limita
specified herein.

tions
tions

114.1 Threads on Piping Components

All threads on piping components shall be taper pipe

111.3 Socket Welds

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

42

threadsimaccordance withrtheappticabte stardards listed
in Table 126.1-1. Threads other than taper pipe threads
may be used for piping components where tightness of the
jointdepends on aseal weld or a seating surface other than
the threads, and where experience or test has demon-
strated that such threads are suitable.
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Table 112-1 Piping Flange Bolting, Facing, and Gasket Requirements (Refer to Paras. 108, 110, and 112) (20)
Frange A Mating With Flange B
Item Flang¢ A Flange B Bolting Flange Facings Gaskets
(a) Class 25 cast iron Class 25 cast iron (a)(1) “Low strength” (a)(1) Flat (a)(1) Flat ring nonmetallic to
[Notes (1) through (3)] ASME B16.21, Table 1
(a)(2) “Higher strength” or (a)(2) Flat (a)(2) Full face nonmetallic to
“low strength” ASME B16.21, Table 1
[Notes (1) through (5)]
(b) Class 125 cast iron ClassA25 cast iron, “Low strength” Flat Flat ring; nonmetallic to
Class 150 steel and stainless [Notes (1) through (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 stainless 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 (d)(1) Flat ring nonmetallic to
steel (excluding MSS SP-51), steel (excluding MSS SP-51), [Notes, (1) through (3)] or both flanges ASME B16.5, Table B-1,
or or Group la
Class 150 ductile ifon Class 150 ductile iron [Note (10)]
(d)(2) “Higher strength” (d)(2) Raised or flat on one (d)(2) Ring style to
[Notes (3) through\(5)] or both flanges ASME B16.5, Table B-1,
Groups la and Ib
[Notes (10)
and (11)]
(d)(3) “Higher strength” or (@)(3) Flat (d)(3) Full face
“low strength” nonmetallic to
[Notes (1) through (5)] ASME B16.5, Table B-1,
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 MSS SP-51) (excluding MSS SP-51) [Notes (3) through (5)]
H Class 250 cast iron Class 250 cast iron, (H(1) “Low strength” (f)(1) Raised or flat/on one (f)(1) Flat ring nonmetallic to

Class 300 steel and stainless steel,
or
Class 300 ductile iron

[Notes (1) through (3)]

or both flanges:

ASME B16.21, Table 3

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

(£)(2) Flat

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

0202-1'1€9 INSVY
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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

Item Flange A Flange B Bolting Flange Facings Gaskets
(8) Class 300 bronze Class 250 cast iron, “Higher strength” or “low Flat Full 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 ifon Class 300 steel and stainless (h)(1) “Low strength” (h)(1) Raised or flat on one or (h)(1) Flat ring nonmetallic to
Steel, or [Notes (1) through (3)] both flanges ASME B16.5, Table B-1,
Class7300 ductile iron Group la
[Note (10)]
(h)(2) “Higher strength” (h)(2) Raised or flat on one or (h)(2) Ring style to
[Notes (3) through (5)] both flanges ASME B16.5, Table B-1
[Notes (10) and (11)]
(h)(3) “Higher strength” or (h)(3) Flat (h)(3) Full face
“low strength” nonmetallic to
[Notes (1) through (5)] ASME B16.5, Table B-1,
Group Ia material
[Note (10)]

0] Class 300 and higher classes, Class 300 and higher classes, (1) (1) “Low strength” (i)(1) Raised or flat on one or (i)(1) Flat ring nonmetallic to
o~ steel and stainlefs steel steel and stainless steel [Notes (1) through (3)] both flanges; large or ASME B16.5, para. 6.11
- small male and female; and Table B-1,

large or small tongue Group Ia material
and groove [Note (10)]
(1)(2) “Higher strength” (i)(2) Raised or flat on one or (1)(2) Ring style to
[Notes (3) through (5)] both flanges; large or ASME B16.5, para. 6.11 and
small male and female; Table B-1
large or small tongue [Notes (10) and (11)]
and groove
(1)(3) “Higher strength” (1)(3) Ring joint (1)(3) Ring joint to
[Notes (3) through (5)] ASME B16.20
0]} Class 800 cast iron Class 800 cast iron “Low strength” Raised or large male and Flat ring nonmetallic to

[Notes (1) through (3)]

female

ASME B16.21, Table 4

GENERAL NOTES:

(a)

(b
()

(d

Bolting (including nuts), flang]
hydrostatic tests. There shall
Unless otherwise stated, the f}
For flanges other than to ASMH
and API 605).

The effective seating of a full fa
edge of the boltholes or bolts. Y

gasket.

p facing, and gasket selection (materials, dimensions, bolt stress, gasket factor, seating stress, ete]'shall be suitable for th
be no overstressing of the gasket or flanges from the expected bolt loading or external bending loads.

ange facing described applies to both flanges A and B.
B16.1, in sizes larger than NPS 24 (DN 600) [NPS 12 (DN 300) in Class 2500], gasket dimensions should be verified against thd

re gasket shall extend to the outside edge of the flange. For flat or raised face flanges, a flat ring or ring style gasket shaltbe self
Vhere the joint contains a cast iron, bronze, nonmetallic, or MSS SP-51 stainless steel flange, the effective gasket seatingShall ex

P flanges, service conditions, and

flanges specified (e.g., MSS SP-44

-centering, extending to the inner
end to the outside diameter of the

0202-1'1€9d ISV
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Table 112-1 Piping Flange Bolting, Facing, and Gasket Requirements (Refer to Paras. 108, 110, and 112) (Cont’d)

GENERAL NOTES: (Cont'd)

(e) Unconfined nonmetallic gasketls shall notbe used on flat or raised face flanges if the expected normal operating pressure exceeds 720 psi (4 950 kPa) or the tethperature exceeds 750°F (400°C).

Metal gaskets, spiral wound ga

for the maximum fluid tempefatures:

NOTES:
(1) “Low strength” bolting shall

A193, Grade B8A, B8CA, BBMA, or B8TA

A193, Class 1, Grade B

Per ASME B16.5, these bolting mdterials may be used with all listed materials but are limited to Class 150 and Class 300 joints.

(2) Nuts for “low strength” bolt
(3) Fortemperatures below -20
For this bolting to ASTM A32

(4) “Higher strength” bolting sh

A193, Grade B5, B6, B4X, B7, B7M, or B16

A193, Class 2, Grade B

(5) Nuts for “higher strength” b

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

ASTM B98, UNS €65100
hard; to 350°F (177°

ASTM B150, UNS C614
maximum

(7) Whereaflanged joint contain|
shall be considered.
(8) For bronze flanges where “I

(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|

B-1, Group Ia.

(10) Where asbestos sheet, fiber,

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

(11) Foritems(d)(2), (h)(2),and(

flange having a standard rai

bketslofimetal with nonmetallic filler, and confined nonmetallic gaskets are not limited as to pressure or temperature, provide

conform to ASTM;

A307, Grade B [bolting to A307, Grade B shall not
be used at temperatures greater than 400°F
(200°C)]

B, B8C, B8M, or B8T

ng shall conform to the grade of ASTM A194 or ASTM A563 as required by the bolting specification.

hll conform to ASTM:

A320, Grade L7, L7A, L7B, L7C, or L43
A320, Class 2, Grade B8, B8C, B8F, B8M, or B8T

A354, Grade BC or BD
, B8C, B8M, or B8T
A437, Grade B4B, B4C, or B4D

A453, Grade 651 or 660

blting shall conform to the grade of ASTM A194, ASTM A437, ASTM A453, ASTM A563, or ASTM A564, as required by t

65500, and C66100; half
[) maximum

ASTM B150, UNS C63000 and C64200, to 550°F
(288°C) maximum

ASTM B164,UNSN04400, cold drawn, d
or cold drawn and stress equalized
to0 500°F (260°C) maximum

0, to 500°F (260°C) ASTM B164, UNS N04400 and N04405; hot finish;

550°F (288°C) maximum

k dissimilar materials (e.g., bronze flanges with steel bolting) and has a design temperature exceeding'300°F (149°C), the diffe

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

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

I the gasket materials are suitable

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

F (-29°C), bolting conforming to the ASTM A320 classes and grades listed, respectively, in Note (4) “higher strength” and Note (1) “low strength” shall be used.
,Grades L7,L7A,L7B, L7C, and L43, the nuts shall conform to ASTM A194, Grade 4 or Grade 7 with impact requirements of AYTM A320. For bolting to the other
grades of ASTM A320, the nuts shall conform to ASTM A320.

he bolting specification.

old drawn and stress relieved,
and N04405, cold drawn,

ences in coefficients of expansion

be used.
ressaslistedin ASME B16.5, Table

metallic material suitable for the

sed face, the gasket material shall conform to ASME B16.5, Table B-1, Group la.

Neoy o - Akl A 3 IR ) Jeade L- sl P DUSCIRE RS TN, L nn d le o (1 ol
JZ 7 wheretwoTat race trangesarcusea rajortana tire gasget seatmg wiatirconsaer mg ootirtire gasket ara te rranges1s g reater than thatofan ASME B16.5

0202-1'1€9 INSVY
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Table 114.2.1-1 Threaded Joints Limitations

Maximum Size

Maximum Pressure

the effects of the fluid characteristics, fluid flow, and vibra-
tion.

P20°F

NPS DN psi MPa 114.3 Threaded Pipe Wall
3 80 400 3

2, 65 500 35 Pipe with a wall thickness less than that of standard
2 50 600 4 weight of ASME B36.10M steel pipe shall not be threaded,

regardless of service. See para. 104.1.2(c)(1) for addi-

L tional threading limitations for pipe used in

11/2 fg ) 222 f (a) steam service over 250 psi (1750 kPa)

14 ~ S ! (b) water service over 100 ps1 (700 kPa) and
1 25 1,200 8 (1050(:)

A <20 1,500 10

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

114.2 Threaded Joints, Access Holes With Plugs
114.2.1| Threaded Joints

(a) Thieaded joints are prohibited where any of the
following |conditions is expected to occur:
(1) temperatures above 925°F (496°C), except as
permitted by paras. 114.2.2 and 114.2.3
(2) spvere erosion
(3) crevice corrosion
(4) shock
(5) vibration
(b) Thg maximum size limitations in Table 114.2.1-1
apply to threaded joints in the following services:
(1) steam and water at temperatures above 220°F
(105°C)
(2) flammable gases, toxic gases or liquids, and
nonflamnlable nontoxic gases [also subjecto the excep-
tions idertified in paras. 122.8(b) and 122:8.2(c)(2)]

114.2.2| Threaded Access Holes With Plugs. Threaded
access holes with plugs, which servé as openings for radio-
graphic infspection of welds, are'not subject to the limita-
tions of pgra. 114.2.1 and Table114.2.1-1, provided their
design anld installation /meet the requirement of para.
114.1. A fepresentative type of access hole and plug is
shown in |PFI ES-16x

114.2.3| Threaded Connections for Insertion Devices.
Threaded cohmnections for insertion type instrument,
control, gnd’sampling devices are not subject to the

115 FLARED, FLARELESS, AND COMPRESSION
JOINTS, AND UNIONS

Flared, flareless, and compressien type tubing fittings
and cast copper alloy fittings forflared copper tubep may
be used for tube sizes not exceeding 2 in. (50 mm), and
unions may be used for pipe sizes not exceeding NPSB (DN
80) within the limitations of applicable standardls and
specifications listed in’Table 126.1-1. Pipe uniong shall
comply with the“limitations of para. 114.2.1.

In the absence of standards, specifications, or allojvable
stress valués\for the material used to manufacture the
fitting, the designer shall determine that the typp and
the material of the fitting selected is adequate angl safe
for,the design conditions in accordance with the follpwing
requirements:

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

(b) A suitable quantity of the type, size, and matefial of
the fittings to be used shall meet successful perforrhance
tests to determine the safety of the joint under simylated
service conditions. When vibration, fatigue, cyclic ¢ondi-
tions, low temperature, thermal expansion, or hydfaulic
shock are expected, the applicable conditions shpll 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 thicknesse§ and
method of assembly recommended by the manufadturer.

115.2 Pressure-Temperature Ratings

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
paras. 104.3.1 and 114.1. At temperatures greater than
925°F (495°C) or at pressures greater than 1,500 psi
(10350 kPa), these threaded connections shall be seal
welded in accordance with para. 127.4.5. The design
and installation of insertion type instrument, control,
and sampling devices shall be adequate to withstand

Eittingsshall be-used-at-pressure—temperatureratings
not exceeding the recommendations of the manufacturer.
Unions shall comply with the applicable standards listed
within Table 126.1-1 and shall be used within the specified
pressure-temperature ratings. Service conditions, such as
vibration and thermal cycling, shall be considered in the
application.
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115.3 Threads

See para. 114.1 for requirements of threads on piping
components.

115.4 Fitting and Gripping

Flareless fittings shall be of a design in which the grip-
ping member or sleeve shall grip or bite into the outer
surface of the tube with sufficient strength to hold the
tube 3

without

117.2 Soldered Joints

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

117.3 Limitations

gainst-pressurebut-without appreciably-distorting
the infside tube diameter. The gripping member shall also
form ja pressure seal against the fitting body.

WHen using bite-type fittings, a spot check shall be made
foradequate depth of bite and condition of tubing by disas-
sembling and reassembling selected joints.

Grip-type fittings that are tightened in accordance with
the mpnufacturer’s instructions need not be disassembled

for chjecking.

—

116
116.1

BELL END JOINTS
Elastomeric-Gasket Joints

Elastomeric-gasket bell end joints may be used for
watelf and other nonflammable, nontoxic service where
experjience or tests have demonstrated that the joint is
safe fpr the operating conditions and the fluid being trans-
ported. Provisions shall be made to prevent disengage-
ment] of the joints at bends and dead ends, and to
support lateral reactions produced by branch connections
or other causes.

Caulked Joints

Caylked joints, if used, shall be restricted'to cold water
servige, shall not use lead as the caulking material in
potable water service, and shall be(qualified as specially
desighed components in accorddnce with para. 104.7.2.
Provisions shall be made to prevent disengagement of
the jpints at bends and_dead ends, and to support
lateral reactions produced by branch connections or
other| causes.

116.2

117 BRAZED AND SOLDERED JOINTS

117.1 Brazed Joints

Brgzéd-socket-type joints shall be made with suitable
brazing atloys. The minimum Socket depth shall be suffi-
cient for the intended service. Brazing alloy shall either be
end-fed into the socket or be provided in the form of a
preinserted ring in a groove in the socket. The brazing
alloy shall be sufficient to fill completely the annular clear-
ance between the socket and the pipe or tube. The limita-
tions of paras. 117.3(a) and 117.3(d) shall apply.

47

e used on
5 in areas

(a) Brazed socket-type joints shall not.b
systems containing flammable or toxic¢ fluid
where fire hazards are involved.

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

(c) Soldered socket-type joints shall not He used in
piping subject to shock orévibration.

(d) Brazed or soldered:\joints depending splely on a
fillet, rather than primarily on brazing or soldering mate-
rial between the pipé and sockets, are not ac¢eptable.

118 SLEEVE.COUPLED AND OTHER PROPRIETARY
JOINTS

Coupling type, mechanical gland type, dnd other
proprietary joints may be used where expdrience or
tests have demonstrated that the joint is safe fof the oper-
ating conditions, and where adequate provision|is made to
prevent separation of the joint.

PART 5
EXPANSION, FLEXIBILITY, AND
PIPE-SUPPORTING ELEMENTS

119 EXPANSION AND FLEXIBILITY
119.1 General

In addition to the design requirements for
weight, and other sustained or occasional loadlings (see
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 accordance with the|flexibility
and displacement stress requirements specifigd herein.

pressure,

Piping system stress ranges caused by thermal expan-
sion and piping displacements, referred to as displace-
ment stress ranges, when of sufficient initial
magnitude during system startup or extreme displace-
ments, relax in the maximum stress condition as the
result of local yielding or creep. A stress reduction
takes place and usually appears as a stress of reversed
sign when the piping system returns to the cold condition
for thermal loads or the neutral position for extreme

(20)
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displacement 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 on the material, the magnitude of
the displacement stress ranges, the fabrication stresses,
the hot service temperature, and the elapsed time. While
the displacement stresses in the hot or displaced condition
tend to diminish with time and yielding, the sum of the
displacement strains for the maximum and minimum
stress co ny-one-eyeleremains-substan

119.5.1 Expansion, Swivel, or Ball Joints, and Flexible
Metal Hose 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
conditions of pressure, temperature, service, and cyclic
life.

Restraints and supports shall be provided, as required,
to limit movements to those directions and magnitudes
permitted for the specific joint or hose assembly selected.

ditionc-durina anys
SreroTS—trar g

tially condtant. 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 usupl association with an allowable stress range.
The allowable stress range shall be as determined in
accordande with para. 102.3.2(b).

119.3 Local Overstrain

Most ofthe commonly used methods of piping flexibility
and cyclid stress analysis assume elastic or partly elastic
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 reI:ect 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 cades, the weaker or higher stressed portions
will be supbjected to strain concentrations due to elastic
follow-up|of the stiffer or lower stressed portions. Unba&
lance can|be produced

(a) by pise of small pipe runs in series with larger or
stiffer pipp, with the small lines relatively highly.stressed

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

(c) in asystem of uniform size, by gse-of a line config-
uration fof which the neutral axis orthrust line is situated
close to the major portion of the line itself, with only a very
small offdet portion of the line absorbing most of the
expansior] strain

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

119.5 Flexibitity

119.6 Piping Properties

The coefficient of thermal expansion and moduli of elas-
ticity shall be determined from Mandatory Appendjces B
and C, which cover more commonly used piping materials.
For materials not included in those Appendices, reference
shall be to authoritative source data/such as publications
of the National Institute of Staridards and Technology.

119.6.1 Coefficient of Thermal Expansion. The ¢oeffi-
cient of thermal expansion shall be determined|from
values given in Mandatory Appendix B. The coefficient
used shall be based on the highest average operating
metal tempefrature and the lowest ambient metal
temperature, unless other temperatures are justified.
Mandatofy.Appendix B values are based on the asyump-
tion that,the lowest ambient metal temperature i 70°F
(20°C). If the lowest metal temperature of a th¢rmal
range to be evaluated is not 70°F (20°C), adjustment of
the values in Mandatory Appendix B may be requjred.

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 takien as
0.3 at all temperatures for all materials.

all be
nent,
nsid-
stress
E. at

119.6.4 Stresses. Calculations for the stresses sh
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 modulus of elasticity
room temperature, unless otherwise justified.

119.7 Flexibility Analysis

Power Jipiug systents shattbe dcaigucd toavesuffi=
cient flexibility to prevent piping displacements from
causing failure from overstress of the piping components,
overloading 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 through the use of fittings, bends, loops, and offsets.
When piping bends, loops, and offsets are not able to
provide adequate flexibility, provisions may be made
to absorb piping displacements by using expansion,
swivel, or ball joints, or flexible metal hose assemblies.

48

119.7.1 Method of Analysis. All piping shall meet the
following requirements with respect to flexibility:

(a) It shall be the designer’s responsibility to perform
an analysis unless the system meets one of the following
criteria:

(1) The piping system duplicates a successfully oper-
ating installation or replaces a system with a satisfactory
service record.

(2) The piping system can be adjudged adequate by
comparison with previously analyzed systems.
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(3) Thepipingsystem isof uniform size, hasnotmore
than two anchors and no intermediate restraints, is
designed for essentially noncyclic service (less than
7,000 total cycles), and satisfies the following approxi-
mate criterion:

(U.S. Customary Units)

entire piping system under consideration, and including
all external movements transmitted to the piping by its
terminal and intermediate attachments. Correction
factors shall be applied for the stress intensification of
curved pipe and branch connections, as provided by
the details of these rules, and may be applied for the
increased flexibility of such component parts.

119.7.3 Basic Assumptions and Requirements. In
calculating the flexibility or displacement stress ranges

DY S
(L =U) Ec
(SI Units)
_ DY 080004
(L - U)2 E,
where
D [= nominal pipe size (NPS), in. (mm)
E. |= modulus of elasticity at room temperature, psi
(kPa)
L |= developed length of pipe (total length of pipe
taken along the piping longitudinal axes), ft (m)
S4 [F allowable displacement stress range determined
in accordance with para. 102.3.2(b)(1), eq. (14),
psi (kPa)
U |= anchor distance (length of straight line between
the anchors), ft (m)
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 wag developed for ferrous materials and isfiotapplicable
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 thé'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 systemsinot meeting the above criteria, or where
reasopnable doUbtexists as to adequate flexibility between
the anchors;shall be analyzed by simplified, approximate,
or comprehensive methods of analysis that are appro-
priat¢ for the specific case. The results of such analysis

of a piping system between anchor points,.the system
between anchor points shall be treated a§)a-whole. The
significance of all parts of the line andyof all restraints,
such as supports or guides, including intgrmediate
restraints introduced for reducing moments gnd forces
on equipment or small branch-lines, shall be cpnsidered.
Flexibility calculations shall\take into accoynt stress-
intensifying conditions found in components 3nd joints.
Credit may be takenCiwhen extra flexibility| exists in
such components. In\the absence of more direftly appli-
cable data, the flexibility factors and stress intensification
factors shownin ASME B31]* may be used.
Dimensjonal properties of pipe and fittings uged in flex-
ibility calcdlations shall be based on nominal diimensions.
The total reference displacement range resullting from
using the coefficient of thermal expansion detgrmined in
aCcordance with para. 119.6.1 shall be used, whether or
not the piping is cold sprung. Not only the expangion of the
line itself, but also linear and angular movements of the
equipment to which it is attached, shall be copsidered.
Where simplifying assumptions are used in cdlculations
or model tests, the likelihood of attendant undefestimates
of forces, moments, and stresses, including theq effects of
stress intensification, shall be evaluated.

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 spfinging in
assisting a system to attain its most favorablg position
sooner 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

shall be evaluated using Figure 104.8-1, eq. (17).

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

(d) Acceptable comprehensive methods of analysis
include analytical methods, model tests, and chart
methods that provide an evaluation of the forces,
moments, and stresses caused by bending and torsion
from the simultaneous consideration of terminal and
intermediate restraints to thermal expansion of the
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for cold spring is allowed with regard to stresses. 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 accordingly

* The stress intensification factors in ASME B31] have been developed
from fatigue tests of representative commercially available, matching
product forms and assemblies manufactured from ductile ferrous mate-
rials. The allowable stress range is based on tests of carbon and stainless
steels. Caution should be exercised when applying egs. (1A) through (1C)
and (13) for the allowable stress range for certain nonferrous materials
(e.g., copper and aluminum alloys) for other than low-cycle applications.
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allowed in the calculation of thrusts and moments,
provided an effective method of obtaining the designed
cold spring is specified and used.

119.10 Reactions

119.10.1 Computing Hot and Cold Reactions. In a
piping system with no cold spring or an equal percentage
of cold springing in all directions, the reactions (forces and
moments) of R, and R, in the hot and cold conditions,

119.10.2 Reaction Limits. The reactions computed
shall not exceed limits that the attached equipment
can sustain. Equipment allowable reaction limits
(forces and moments) on piping connections are normally
established by the equipment manufacturer.

120 LOADS ON PIPE-SUPPORTING ELEMENTS
120.1 General

respectivlely, shall be obtained from the reaction, R,
derived from the flexibility calculations based on the
modulus |of elasticity at room temperature, E,, using
egs. (18) pnd (19).
E
R, = (1 - 3c) “hr (18)
3 E,
R, == CR, or
_ [1 (S E] (19)
(Sp) Ey
whichever is greater, and with the further condition that
(S$n) Ec
(Se)  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 conditionypsi
(MPa)

E, £ modulus of elasticity in the hot condition, psi
(MPa)

R £ maximum reaction for full expansion range
based on E., which agsumes the most
severe condition (#00% cold spring,
whether such is usedyer not), Ib and in.-1b
(N and mm-N)

R., R, ¥ maximum reactiohs estimated to occur in the
cold and hot'\conditions, respectively, b and
in.-lb (N and’'mm-N)

Sg F computed thermal expansion stress range, psi
(MRa)

S, ¥ basic material allowable stress at maximum
(hot) temperature, without the 20 Kksi limita-

{aj The broad terms 'supporting elemengs” or
“supports” as used herein shall encompass theJ¢ntire
range of the various methods of carrying the)weight of
pipelines, insulation, and the fluid carried. It, thergfore,
includes “hangers” that are generally,considered as
those elements that carry the wejght)from above| with
the supporting members being, mainly in tension.|Like-
wise, it includes “supports” that' on occasion areg deli-
neated as those that carry-the'weight from below| with
the supporting member§;being mainly in comprefsion.
In many cases a supporting element may be a combination
of both of these.

(b) In additioh to the weight effects of piping cqmpo-
nents, considération shall be given in the design of pipe
supports to.other load effects introduced by service|pres-
sure, wind, earthquake, etc., as defined in paraf 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 transmitted intp the
supporting elements.

(c) Where the resonance with imposed vibration
or shock occurs during operation, suitable damp
restraints, anchors, etc., shall be added to re
these effects.

and/
PTers,
move

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

tion as noted in para. 102.3.2(b)

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

50

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

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

120.2.3 Anchors or Guides. Where anchors or guides
are provided to restrain, direct, or absorb piping move-
ments, their design shall take into account the forces and
moments at these elements caused by internal pressure
and thermal expansion.

120-2-4-Supplemen aryv-SteelWhereitisnecessarite
framp structural members between existing steel
members, such supplementary steel shall be designed
in acdordance with American Institute of Steel Construc-
tion specifications, or similar recognized structural design
standprds. Increases of allowable stress values shall be in
accordance with the structural design standard being
used.| Additional increases of allowable stress values,
such ps allowed in para. 121.2(j), are not permitted.

121
121.1

Degign of standard pipe-supporting elements shall be in
accorflance with the rules of MSS SP-58. Allowable stress
values 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-
lignment. All parts of the supporting equipmeént shall be
fabridated and assembled so that they will not be disen-
gagefl by movement of the suppotted piping. The
maxium safe loads for bolts, threaded hanger rods,
and dll other threaded members;shall be based on the
root area of the threads. MSS“SP-58 may be used for
guidgqnce with respect t6 selection and application of
pipe hangers and supports.

DESIGN OF PIPE-SUPPORTING ELEMENTS

General

121.2 Allowable Stress Values

(a)| Allowablestress values tabulated in MSS SP-58 or in
Mandatory Appendix A of this Code Section may be used
for thetbase materials of all parts of pipe-supporting

tion may be used, for temperatures not exceeding 650°F
(345°C).

(c) Forasteel material of unknown specification, or ofa
specification not listed in Table 126.1-1 or MSS SP-58, an
allowable stress value of 30% of yield strength (0.2%
offset) at 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%

i ecimmen—Fhe allowable
9,500 psi

stress values for such materials shall not exceeg
(65.5 MPa).

(d) The allowable shear stress shall hot exceed 80% of
the values determined in accordance with the rules of (a)
through (c).

(e) The allowable compressivé stress shall ot exceed
the value as determined indccordance with the rules of (a),
(b), or (c). In addition,“consideration shall b¢ given to
structural stability.

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

(g) Thé€ allowable stress in tension determ
(a), (bjyor (c) shall be reduced 25% for
hanger-tods.

(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) 1If materials for attachments have differ
able stress values from the pipe, then the
stress for the weld shall be based on the lower
stress of the materials being joined.

(j) Increases in the allowable stress valuefs shall be
permitted as follows:

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

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

ned from
threaded

bnt allow-
hllowable
allowable

erloading

121.3 Temperature Limitations

Parts of supporting elements that are subjected princi-

elements:

(b) Where allowable stress values for a material spec-
ification listed in Table 126.1-1 are not tabulated in
Mandatory Appendix A or in MSS SP-58, allowable
stress values from ASME BPVC, Section II, Part D,
Tables 1A and 1B may be used, provided the requirements
of para. 102.3.1(b) are met. Where there are no stress
values given in ASME BPVC, Section II, Part D, Tables
1A and 1B, an allowable stress value of 25% of the
minimum tensile strength given in the material specifica-
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pally to bending or tension loads and that are subjected to
working temperatures for which carbon steel is not rec-
ommended shall be made of suitable alloy steel, or shall be
protected so that the temperature of the supporting
member will be maintained within the appropriate
temperature limits of the material.
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Table 121.5-1 Suggested Steel Pipe-Support Spacing

Suggested Maximum Span

121.6 Springs

The springs used in variable or constant effort type
supports shall be designed and manufactured in accor-
dance with MSS SP-58.

121.7 Fixtures
121.7.1 Anchors and Guides

(a) Anchors, guides, pivots, and restraints shall be

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 phot 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.

121.4 Hanger Adjustments

Hanger$ used for the support of piping, NPS 2'4(DN 65)
and largef, shall be designed to permit adjustment after
erection while supporting the load. Screved adjustments
shall havd threaded parts conform td ASME B1.1.

Class 2 fit turnbuckles and adjusting'nuts shall have the
full length of thread in engagement. Means shall be
provided |for determining that/full thread length is in
engagempnt. All screw-and equivalent adjustments
shall be provided withsuitable locking devices.

121.5 Hanger Spacing

Suppoits forpiping with the longitudinal axis in
approximptely a horizontal position shall be spaced to

designed to secure the desired points of piping in relative-
ly fixed positions. They shall permit the pipingto-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 impoped.
(b) Rolling or sliding supports shalbpermit free move-
ment of the piping, or the pipingtshall be designed to
include the imposed load andffictional resistarce of
these types of supports, andvdimensions shall prpvide
for the expected movemehit-6f the supported piping. Mate-
rials and lubricants used in sliding supports shall be
suitable for the dnetal temperature at the point of
sliding contact,.
(c) Where cdrrugated or slip-type expansion joints, or
flexible metal hose assemblies are used, anchorf and
guides shall be provided where necessary to direft the
expansion into the joint or hose assembly.|Such
anchors shall be designed to withstand the force spgcified
bythe manufacturer for the design conditions at whifh the
joint or hose assembly is to be used. If this force is ¢ther-
wise unknown, it shall be taken as the sum of the prpduct
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 assemblies, applied in accorflance
with para. 106.4, shall be supported in such a mannef as to
be free from any effects due 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

tha allaovahla ctvnce
€55
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prevent excessive sag, bending, and shear stresses in
the piping, with special consideration given where compo-
nents, such as flanges and valves, impose concentrated
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 overstressed from the combination of all loading
effects.

the—aleowable—str of-the—materialasprovided 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 rod for supporting pipe NPS 2% (DN
65) and larger. See Table 121.7.2-1 for carbon steel rods.

Pipe, straps, or bars of strength and effective area equal
to the equivalent hanger rod may be used instead of

hanger rods.
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able 121.7.2-1 Carrying Capacity of Threaded

ASTM A36, ASTM A575, and ASTM A576 Hot-Rolled

Carbon Steel

Max. Safe Load at Rod

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

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

(c) Castironinaccordance with ASTM A48 may be used

for bases, rollers, anchors, and parts of supports where the
toadirgwil-be-mainly-compression—Gastirenfarts shall

Nominal
Rod Root Area of Temp. of 650°F (343°C)
Diameter, in. Thread, in.2 1b KN
A 0.0678 730 3.23
A 0.126 1,350 5.98
% 0.202 2,160 9.61
% 0.302 3,230 14.4
A 0.419 4,480 19.9
1 0.551 5,900 26.2
1Y, 0.890 9,500 424
1Y% 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
2%, 3.72 39,800 177
2%, 4.62 49,400 220
3 5.62 60,100 267
3Y, 6.72 71,900 320
3Y 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 minimum tensile stress of 50 ksi
(3§5 MPa) divided by a safety/factor of 3.5, reduced by 25%,
repulting in an allowable str€ss,of 10.7 ksi.

(b) Rdot areas of thread are based on the following thread series:
dipmeters 4 in. and below,*— coarse thread (UNC); diameters
above 4 in. — 4 thréad (4-UN).

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

MO
TOTeT vV I o CThc Ty COTHpT

not be used in tension.

(d) Malleable iron castings in accordance’ with ASTM
A47 may be used for pipe clamps/bean] clamps,
hanger flanges, clips, bases, swivel rings, and parts of
pipe supports, but their use shall.be limited tg tempera-
tures not in excess of 450°F (230°C). This matgrial is not
recommended for serviceswhere impact loads pre antici-
pated.

(e) Brackets shallibé.designed to withstand forces and
moments inducedby'sliding friction in additiop to other
loads.

121.7.3 Variable Supports

(a) Variable spring supports shall be designgd to exert
a supporting force equal to the load, as detefmined 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 attaghment to
the pipe.

(b) Variable spring supports shall be proviided with
means to limit misalignment, buckling, and|eccentric
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 to cushion against shock orfwhere 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-temperature and
critical service piping at locations subject to appreciable
movement with thermal changes, the use of constant
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support hqugtﬂ S5 dcaigucd topt ovide—a—sut atantially
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 details, or other
devices used to attach the counterweight load to the
piping shall be subject to requirements of para. 121.7.2.
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(c) Hydraulictype supports using a hydraulic head may
be installed to give a constant supporting effort. Safety
devices and stops shall be provided to support the
load in case of hydraulic failure.

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

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

121.10 Requirements for Fabricating Pipe
Supports

Pipe supports shall be fabricated in accordance with the

requirements of para. 130.

PART 6
SYSTEMS

121.7.6| Shock Suppressors. For the control of piping
due to dypamic loads, hydraulic or mechanical types of
shock suppressors are permitted. These devices do not
support plipe weight.

121.8 Structural Attachments
121.8.1| Nonintegral Type

(a) Nonpintegral attachments include clamps, slings,
cradles, saddles, straps, and clevises.

(b) When clamps are used to support vertical lines, it is
recommended that shear lugs be welded to the pipe to
prevent dlippage. The provisions of para. 121.8.2(b)
shall apply.

(c) Inafdition to the provision of (b), clamps to support
vertical lifes 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

(a) Intggral attachments include ears, shoes, lugs, cy~
lindrical attachments, rings, and skirts that are fabricated
so that thee attachment is an integral part of the)piping
component. Integral attachments shall be usedin conjunc-
tion with festraints or braces where multiaxial'restraintin
a single member is to be maintained. Consideration shall
be given tp the localized stresses indueed into the piping
componentby the integral attachments. Where applicable,
the conditions of para. 121.8 (¢} are to apply.

(b) Intggral lugs, plates, angle clips, etc., used as part of
an assembply for the support or guiding of pipe may be
welded directly to the pipe, provided the materials are
compatible for welding and the design is adequate for
the tempepraturérand load using the allowable stress
values of parall21.2. The design of hanger lugs for attach-

ment to piping for high-temperature service shall be such
as to provide for differential expansion between the pipe

and the attached lug.

121.9 Loads and Supporting Structures

Considerations shall be given to the load-carrying ca-
pacity of equipment and the supporting structure. This
may necessitate closer spacing of hangers on lines
with extremely high loads.
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122 DESIGN REQUIREMENTS PERTAINING-TPD

SPECIFIC PIPING SYSTEMS

Except as specifically stated otherwise in this Part 6, all
provisions of the Code apply fully to the, piping syftems

described herein.

122.1 Boiler External Piping; in Accordance With

Para. 100.1.2(a) —Steam, Feedwater,
Blowoff, and Drain’ Piping

122.1.1 General. The minimum pressure and tenj
ture and other special requirements to be used
design for steam, feedwater, blowoff, and drain
from the hoiler to the valve or valves requir
para. 122.1\shall be as specified in the following
graphs-Design requirements for desuperheater
pipihg-connected to desuperheaters located i
beiler proper and in main steam piping are pro
in para. 122.4.

(a) ltisintended thatthe design pressure and tem
ture be selected sufficiently in excess of any exp
operating conditions, not necessarily continuo
permit satisfactory operation without operation
overpressure protection devices. Also, since the ope
temperatures of fired equipment can vary, the exp
temperature at the connection to the fired equipmen
include the manufacturer’s maximum temperature
ance.

(b) In a forced-flow steam generator with no
steam and waterline, it is permissible to desig
external piping, valves, and fittings attached to the
sure parts for different pressure levels along the
through the steam generator of water-steam flow
values of design pressure and the design temper
to be used for the external piping, valves, and fi

pera-
n the
iping
bd by
para-
spray
n the
vided

pera-
ected
s, to
f the
rating
ected
t shall
toler-

fixed
n the
pres-

path
. The
ature
ttings
ected

shall be not less than that required for the exp

ature

to which the abutted pressure part is subjected except

when one or more of the overpressure prote

ction

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 conditions as

used in (a), or for the design throttle pressure plu
whichever is greater.

s 5%,

(c) Provision shall be made for the expansion and

contraction of piping connected to boilers to

limit

forces and moments transmitted to the boiler, by
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providing substantial anchorage at suitable points, so that
there shall be no undue strain transmitted to the boiler.
Steam reservoirs shall be used on steam mains when
heavy pulsations of the steam currents cause vibration.
(d) Piping connected to the outlet of a boiler 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

rial used shall not exceed that permitted for the expected
steam temperature.

(d) 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

2) covauzrng aach and tnto tonarad flangac Ot ge
—SerewHg-eatenaHtotaperearahges, et S

TS S

or valves with or without rolling or peening

4) bolted joints including those of the Van Stone
type
5) blowoff piping of firetube boilers shall be
attacled in accordance with (2) if exposed to products
of combustion or in accordance with (2), (3), or (4) if
not s¢ exposed

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

(f) |American National Standard slip-on flanges shall
not gxceed NPS 4 (DN 100). Attachment of slip-on
flanges shall be by double fillet welds. The throats of
the fillet welds shall not be less than 0.7 times the thick-
ness pf the part to which the flange is attached.

(g)| Hub-type flanges shall not be cut from plate mate-
rial.

(h)| American National Standard socket welded flanges
may be used in piping or boiler nozzles provided the
dimensions do not exceed NPS 3 (DN 80) for Class 600
and lpwer, and NPS 21/2 (DN 65) for Class 1500.

(i) [The use of expansion joints of all types, swivel and
ball jqints, and flexible metal hose assemblies asdescribed
in para. 101.7.2 is prohibited.

122.1.2 Steam Piping The value of Pito be used in the
formuylas in para. 104 shall be as follows:

(a)| For steam piping connected to the steam drum or to
the syperheater inlet header up to the first stop valve in
each fonnection, the value ¢f P'shall be not less than the
lowedt pressure at whichhany drum safety valve is set to
blow,[and the S value-shall not exceed that permitted for

to-blew-ornetless-thanthe-expected-maximum sustained
operating pressure at any point in the piping system,
whichever is greatest, and the S value forith¢ material
used shall not exceed that permitted for the| expected
steam temperature at the superheater outlet. For
forced-flow steam generators with no fixed Jteam and
waterline, the design pressuné shall also He no less
than the expected maximum, sustained operating pres-
sure.

(e) The design pressure shall not be taken af less than
100 psig [700 kPa‘(gage)] for any condition of[service or
material.

122.1.3 /Feedwater Piping

(a) Thevalue of Ptobeused inthe formulas i
shall"be as follows:
(1) For piping from the boiler 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 (1550 kPa), whicheyer is the
lesser. For an installation with an integral edonomizer
without valves between the boiler and ecgnomizer,
this paragraph shall apply only to the piping from the
economizer inlet header to and including thg required
stop valve and the check valve.
(2) For piping between the required checK valve and
the globe or regulating valve, when regfuired by
para. 122.1.7(b), and including any bypass piping up to
the shutoff valves in the bypass, the value of [P shall be
not less than the pressure required to feed the boiler.
e taken at

para.104

the pres-

the corresponding-saturated steam temperature. (3) The value of Pin the formula shall not ¥

(b)| For steampiping connected to the superheater less than 100 psig [700 kPa (gage)] for any cdndition of
outlet header4ip,to the first stop valve in each connection, service or material, and shall never be less thar
the design pressure, except as otherwise provided in (d), sure required to feed the boiler.
shall pe.not less than the lowest pressure at which any (4) In a forced-flow steam generator with no fixed
safet“ valve on the anprhpnfﬂr is set to blow_or not steam and waterline, the value of P for fpedwater

less than 85% of the lowest pressure at which any
drum safety valve is set to blow, whichever is greater,
and the S value for the material used shall not exceed
that permitted for the expected steam temperature.

(c) For steam piping between the first stop valve and
the second valve, when one is required by para. 122.1.7,
the design pressure shall be not less than the expected
maximum sustained operating pressure or 85% of the
lowest pressure at which any drum safety valve is set
to blow, whichever is greater, and the S value for the mate-
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piping from the boiler to and including the required
stop valve may be in accordance with the requirements
of para. 122.1.1(b).

(b) The Svalue used, exceptas permitted in (a)(4), shall
not exceed that permitted for the temperature of satu-
rated steam at the maximum allowable working pressure
of the boiler.
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(c) The size of the feed piping between the boiler 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.

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)

(b) The blowdown piping system from the boiler, to
and including the shutoff valve, shall be designed in accor-
dance with (1) through (4). Only one shutoff valve is
required in the blowdown system.

(1) The value of P to be used in the formulas in
para. 104 shall be not less than the lowest set pressure
of any 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

drain piging, and (ii) piping such as used on water
columns, gage glasses, or feedwater regulators, etc., for
the purpdse 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
systems al[;le 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 primprily 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) through (4). Two
shutoff vajves are required in the blowoff system; specific
valve requirements and exceptions are given in para.
122.1.7(c].

(1) The value of P to be used in the formulas in
para. 104 shall exceed the maximum allowable
working pressure of the boiler by either 25% or 225
psi (1550 kPa), whichever is less, but shall be not less
than 100 ([psig [690 kPa (gage)]. The exception to this
requirement pertains to miniature boilers as described
in ASME BPVC, Section I, Parts PEB and PMBwhere
the value|of P to be used in the formulas in para. 104
shall be 1j00 psi [690 kPa (gage)].

(2) The allowable stress value for the\piping mate-
rials shall hot exceed that permitted forthetemperature 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-thle 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:
may be se
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.

(4) The size of blowoff piping shall be not 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 PEB-12.

Nonferrous alloys and austenitic stainless steels
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saturated-steamatthe- maximumallowable-werking pres-
sure of the boiler.

(3) All pipe shall be steel except as permitted i
Galvanized steel pipe and fittings shall not|be usg
blowdown piping. When the value of P doe
exceed 100 psig [690 kPa (gage)},. nonferrous
may be used and the fittings may/bé bronze, cast

malleable iron, ductile iron, oristeel.

elow.
d for
5 not
pipe
iron,

Isteels
brtain

CAUTION: Nonferrous alloys-and austenitic stainless
may be sensitive to stress.corrosion cracking in c
aqueous environments:

When the value of Pexceeds 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.
(4) The\size of blowdown piping shall be ngt less
than the size of the connection on the boiler, and| shall
be inCaccordance with the rules contained in ASME
BPVC; Section I, PG-59.3, PMB-12, and PEB-12.
{c) The blowoff and blowdown piping beyonid the
required valves described in (a) and (b) are claspsified
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 to the extent necessary to ensure pjroper
operation of the steam supply system. The pipe, fittings,
and valves of any drain line shall not be smaller thgn the
drain connection. Double valving shall be requirgd for
each boiler drain connection except as permitted [in (c)
and (d).

(b) If the drain lines are intended to be used b¢th as
drains and as blowoffs, then two valves are required and
all conditions of paras. 122.1.4,122.1.7(c), and 122.% shall
be met.

(c) Miniature boilers constructed in accordance

PMB and PEB may use a single valve where drain lines
are intended to be used for both blowoffand periodicauto-
matic or manual flushing prior to startup. The single valve
shall be designed for blowoff service but need not have
locking capability.

(d) When a drain is intended for use only when 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
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the closed position, or a suitable flanged and bolted
connection that accepts a blank insert shall be located
on the downstream side of the valve. When a single
valve is used, it need not be designed for blowoff
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
requi

adualvac ortha hlanlead flanagn caonnaction chall bha
e VarvV-e 5o e-oraihkea € 1015

maximum allowable working pressure exceeds 150
psig (1 035 kPa) or where the system design temperature
exceeds 366°F (186°C). Valves of the outside screw and
yoke, rising stem style are preferred. Valves other than
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.

TIoT S E-CoTeeT Stich ¢

desighed for the temperature and pressure of the drain
conngction. The remaining piping shall be designed for the
expedted maximum temperature and pressure. Static head
and possible choked flow conditions 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),
respelctively.

122.1.6 Boiler External Piping — Miscellaneous
Systems

(a)| Materials, design, fabrication, examination, and
erect]on of piping for miscellaneous accessories, such
as water level indicators, water columns, gage cocks,
and gressure gages, shall be in accordance with the ap-
plicable sections of this Code.

(b)| The value of P to be used in the formulas in
para.|104 shall be not less than the maximum allowable
working pressure of the boiler except as provided by,
para.|122.1.1(b).

(c)| Valve requirements for water level indicatofs or
waterf columns, special gage glass and gage cock require-
ment$, minimum line sizes, and special piping.configura-
tions| required specifically for cleaning,jaccess, 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 (al} 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 thiatin no case shall the pressure be less
than [L00 psig, {690 kPa (gage)], and for pressures not
excedding 100psig [690 kPa (gage)] in feedwater and
blowoff service, the valves and fittings shall be equal
at leastita-the requirements of the ASME standards for

b} Quarter-tura-valvesshall- be-equipped with a
slow operating mechanism to minimize dynamic loadings
on the boiler and attached piping. Either@quick-opening
manual quarter-turn valve or an automatic solehoid valve
may be used on miniature boilers constructed in accor-
dance with the rules contained in, ASME BPVC] Section I,
Parts PMB and PEB. Manual quarter-turn valvgs shall be
provided with a handle or gther position indicator to indi-
cate from a distance whether the valve is open|or closed.

(2) In the caseof-a single boiler and prijne mover
installation, the §top valve required hereip may be
omitted provided the prime mover throttl¢ valve is
equipped withtan indicator to show whether|it is open
or closed{and it is designed to withstand th¢ required
boiler hydrostatic test. The limit of boiler| external
piping-ends at the connection of such prithe mover
valves and does not include the connection; the connec-
tion between the boiler external piping and prime mover
valves is nonboiler external piping.

(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 shall be fitted
with two stop valves having an ample free-blow drain
between them. The preferred arrangement consists of
one stop-check valve (located closest to the bpiler) and
one valve of the style and design described in |(1). Alter-
natively, both valves may be of the style and design
described in (1).

When a second stop valve is required, it shall have a
pressure rating at least equal to that requir¢d for the
expected steam pressure and temperature at [the valve,
or a pressure rating at least equal to 85% of the
lowest set pressure of any safety valve on the boiler
drum at the expected temperature of the stepm at the
valve, whichever is greater.

(4) All valves and fittings on steam lines shall have a

Class 425castiromorbt O11Z€, Ot tlass156-stectorbronze:

(a) Steam Stop Valves. Each boiler discharge outlet,
except safety valve or safety relief valve connections,
or reheater inlet and outlet connections shall be fitted
with a stop valve located at an accessible point in the
steam-delivery line and as near to the boiler nozzle as
is convenient and practicable.

(1) Boiler stop valves shall provide bidirectional
shutoff 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
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pressure rating of at least 100 psig [690 kPa (gage)] in
accordance with the applicable ASME standard.
(b) Feedwater Valves

(1) The feedwater piping for all boilers, except for
high-temperature water boilers complying with the re-
quirements of (8) and forced-flow steam generators
with no fixed steam and waterline complying with the re-
quirements of (9), shall be provided with a check valve and
a stop valve or cock between the check valve and the
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Figure 122.1.7-1 Typical Globe Valves

¢ )

boiler. The stop valve or cock shall comply with the re-
quirements of (c)(5).

(2) The relative locations of the check and stop (or
cock) valyes, as required in (1), may be reversed on a
single boiler-turbine unit installation.

(3) If a boiler is equipped with a duplicate feed
arrangemgnt, each such arrangement shall be equipped
as requirgd by these rules.

(4) When the supply line to a boiler is divided into
branch fefed connections and all such connectiohs are
equipped with stop and check valves, the stop and
check valyes 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 pach boiler located between the check valve and
the sourcg of supply. A typical drrangement is shown in
Figure 100.1.2-3.

(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 otherwlise provided.

(7) Wherean economizer or other feedwater heating
device is tonnected rlirprﬂy ta the boiler without inter-

_di _1/4 d,' min.

/

7

- [

(b)

(9) Thefeedwater boiler external piping for a fqrced-
flow steam‘generator with no fixed steam and watgrline
may terminate up to and including the stop valve or yalves
and,emitting check valves, provided that a check|valve
having a pressure rating no less than the boiler] inlet
design pressure is installed at the discharge off each
boiler feed pump or elsewhere in the feedline befween
the feed pump and stop valves.

(10) Wherever globe valves are used within BEP
feedwater piping for either isolation or regulatioh, the
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 sedimernt can
collect shall not be used on blowoff connections.

(2) Y-type globe valves as showf in
Figure 122.1.7-1, illustration (b), or angle valvey may
be used in vertical pipes, or they may be used in|hori-
zontal runs of piping provided they are so constructed
or installed that the lowest edge of the opening thfough
the seat is at least 25% of the inside diameter below the

centerline of the valve.
[?) The blowoff valve or valves the pipe beflween

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 water boiler shall be provided with the same stop
valve, or valves, required by (1) and (3). The use of a
check valve in the recirculating return line is optional.
A check valve shall not be a substitute for a stop valve.

them, and the boiler connection shall be of the same
size except that a larger pipe for the return of condensate
may be used.

(4) For all boilers [except electric steam boilers
having a normal water content not exceeding 100 gal
(380 L), traction-purpose, and portable steam boilers;
see (11) and (12)] with allowable working pressure in
excess of 100 psig [690 kPa (gage)], each bottom
blowoff pipe shall have two slow-opening valves, or
one quick-opening valve or cock, at the boiler nozzle
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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(a)(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 21/2
(DN 65) and shall meet the requirements of the ap-
plicable ASME standard for Class 250, as given in
Tablg

and 3
SHHe—i

slow-opening manual or automatic valve, regardless of
size.

(d) Pressure-Relieving Valves. Safety, safety relief, and
power-actuated pressure-relieving valves shall conform
to the requirements of ASME BPVC, Section I, PG-67
through PG-73.

122.2 Blowoff and Blowdown Piping in Nonboiler
External Piping

TZ2OTT OT—aatcere

ctaal
iron |construction, shall meet the requirements of
the dpplicable standards as given in Table 126.1-1
or pdra. 124.6.
6) When the value of P required by
para.| 122.1.4(a)(1) is higher than 250 psig [1725
kPa (gage)], the valves or cocks shall be of steel
constiruction equal at least to the requirements of
Class| 300 of the applicable ASME standard listed
in Table 126.1-1. The minimum pressure rating
shall |be equal to the value of P required by para.
122.1{4(a)(1).
7) 1f 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 ffive 360 deg turns of the operating mechanism to
change from fully closed to fully open.
9) Onaboiler having multiple blowoff pipes, a single
r valve may be placed on the common blowoff pipe
the boiler, in which case only one valve on each, in-
1al blowoff is required. In such a case, either the
r valve or the individual valves or cogks shall be
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
failure of one to operate\cannot affect the operation of
the other.
71) Only oné blowoff valve, which shall be either a
slow-ppening er"quick-opening blowoff valve or a cock, is
requifed on traction and/or portable boilers.
72)(Only one blowoff valve, which shall be of a slow-
openingtype, is required for the blowoff piping for forced

maste
from
divid
mastg
of thd

Blowoff and blowdown piping systems shall|be, where
possible, self-draining and without pockets:-f unavoid-
able, valved drains at low points shallallow system
draining prior to operation. To minimize| pipeline
shock during the operation ofrblowoff syqtems, 3D
pipe bends (minimum) should,bé 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 appioximately
to atmosplieric pressure and cannot be incfeased 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(f)(3) and
122.1.7 shall apply. The size of non-BEH blowoff
header to the safe point of discharge shdll not be
smaller than the largest connected BEP blowoff terminal
[see para. 122.1.4(a)(4)].

(2) Blowdown piping, in which the pressyre cannot
be increased by closing a downstream valvg, shall be
designed for the appropriate pressure and tefperature
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 be smaller
than the BEP boiler shutoff valve [see para. 122]1.4(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 due to closing of a downstream vallve, calcu-
lated pressure 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.

circulation and electric steam boilers having a normal
water content not exceeding 100 gal (380 L). Electric
boilers 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 normal water
content of 100 gal (380 L) but with a MAWP greater
than 100 psig [690 kPa (gage)] shall only use either a
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122.1.4(b) for blowdown piping.

(4) Non-BEP blowdown piping downstream of the
flow control valve shall not be smaller — and preferably
will be larger — than the connection on the boiler [see
para. 122.1.4(b)(4)].

(b) From Pressure Vessels Other Than Boilers. The
design pressure and temperature of the blowoff piping
from the pressure vessel to and including the blowoff
valves shall not be less than the vessel MAWP and corre-
sponding design temperature.

(20)
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Table 122.2-1 Design Pressure for Blowoff/Blowdown
Piping Downstream of BEP Valves

Design Pressure

Boiler or Vessel Pressure [Note (1)]

MAWP kPa (gage) psig kPa (gage)
Below 250 1725 Note (2) Note (2)
250-600 1725-4135 250 1725
601-900 4136-6205 400 2760
901-1,500 6206-10340 600 4135
1,501 and Righer 10341 and higher 900 6205
NOTES:

(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 dedign pressure shall be determined in accordance with
para. 1£2.1.4(b)(1), but need not exceed 250 psig [1725 kPa

(gage)]

122.3 Instrument, Control, and Sampling Piping

(a) Thgrequirements of this Code, as supplemented by
para. 122.3, shall apply to the design of instrument,
control, and sampling piping for safe and proper operation
of the pipfing itself.

(b) Th¢ term “instrument piping” shall apply to all
valves, fitfings, tubing, and piping used to connect instru-
ments to rhain piping or to other instruments or apparatus
or to meapuring equipment as used within the classifica*
tion of pajra. 100.1.

(c) The term “control piping” shall apply to all\valves,
fittings, tybing, and piping used to interconnect'pneuma-
tically or hydraulically operated control apparatus, also
classified|in accordance with para. 100-1y"as well as to
signal trapsmission systems used to ifiterconnect instru-
ment transmitters and receivers.

(d) Thgterm “sampling piping” shall apply to all valves,
fittings, tubing, and piping.used for the collection of
samples, s$uch as steam, water, oil, gas, and chemicals.

(e) Parpgraph 122.3-does not apply to tubing used in
permanerjtly closed systems, such as fluid-filled tempera-
ture respgnsive devices, or the temperature responsive
devices themselves.

(f) Pardgraph 122.3 doesnotapply to the devices, appa-
ratus, me analin a

trancmitting

The materials for pressure retention components used
for piping specialties such as meters, traps, and strainers
in flammable, combustible, or toxic fluid systems shall, in
addition, conform to the requirements of paras. 122.7 and
122.8.

122.3.2 Instrument Piping

(a) Takeoff Connections
(1) Takeoff connections at the source, together with

temperature and be capable of withstanding lo

induced by relative displacement‘and vibration.
nominal size of the takeoff connections shall
less than NPS Y%, (DN 15) fonsérvice conditions
excess of either 900 psi (6200 kPa) or 800°F (425°C),
and NPS ¥, (DN 20) (for-adequate physical strejngth)
for design conditions that exceed either of these limits.

imits
b less

Where the size of the’main is smaller than the
given above, the takeoff connection shall not b
than the size ‘ef the main line.

(2) To.prevent thermal shock to the main steain line
by contact'with the colder condensate return from the
instrunient, steam meter or instrument takeoff connec-
tions'shall be lagged in with the steam main. For ten]pera-
tures in excess of 800°F (425°C), they may algo be
arranged to make metallic contact lengthwise with the
steam main.

(b) Valves

(1) Shutoff Valves. Shutoff valves shall be provigled at
takeoff connections. They shall be capable of withstapding
the design pressure and temperature of the pipe or yessel
to which the takeoff adapters or nipples are attached.

(2) Blowdown Valves

(-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 temperature shall be the ¢orre-
sponding temperature of saturated steam. For all jother
services, blowdown valves shall meet the requireents
of (1).

(-b) Whenblowdown valves are used, the valves at
the instrument as well as any intervening fittings and

......................... o7

controlling, receiving, or collecting instruments to
which the piping is connected.

122.3.1 Materials and Design. The materials used for
valves, fittings, tubing, and piping shall meet the particular
conditions of service and the requirements of the appli-
cable specifications listed under general paras. 105
through 108 with allowable stresses in accordance
with the Allowable Stress Tables in Mandatory
Appendix A or as calculated per para. 123.1.2(b).
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tubing between 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 exceed
the rating of the blowdown valve.
(-c) When blowdown valves are not used, instru-
ment valves shall conform to the requirements of (-a).
(c) Reservoirsor Condensers.In dead-end steam service,
the condensing reservoirs and connecting nipples, which
immediately follow the shutoff valves, shall be made of
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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 nonferrous
materials may be used in dead-end steam or water
services up to the design pressure and temperature condi-
tions used for calculating the wall thickness in accordance
with para. 104 pr0v1ded that the temperature within the

not recommended where mechanical vibration, hydraulic
shock, or thermal shock are encountered.

122.3.3 Control Piping

(a) Takeoff Connections. Takeoff connections shall be in
accordance with para. 122.3.2(a)(1).

(b) Valves. Shutoff valves shall be in accordance with
para. 122.3.2(b)(1).

(c) Materials. The same materials may be used for

406°KF (208°C).
here water temperature in the reservoir of conden-
sers i above 406°F (208°C), a length of uninsulated steel
tubing at least 5 ft (1.5 m) long shall immediately follow
the condenser ahead of the connecting copper tubing to
the irfstrument.
?) The minimum size of the tubing or piping is a
functjon of its length, the volume of fluid required to
produice full-scale deflections of the instrument, and
the gervice 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
beless than 0.36 in. (9.14 mm), with a wall thickness of not
less than 0.049 in. (1.25 mm). When these requirements
do nat apply, smaller sizes with wall thickness in due
propgrtions may be used. In either case, wall thickness
of theg 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.
hamnper.

(e)| Fittings and Joints
7) For dead-end steam service and for water above
150°F (65°C), fittings of the flared, flareléss, or socket
welding type, or other suitable type of similar design,
shall{be used. The fittings shall be-suitable for the
headeér pressure and corresponding saturated steam
temperature or water temperature, whichever applies.
For sppercritical pressure cenditions, the fittings shall
be sufitable for the design-pressure and temperature of
the nfain fluid line.
) For water, ¢il.and similar instrument services,
any of the following types may be used, within the pres-
sure—-temperature limitations of each:
(-a) _Fermain line hydraulic pressures above 500
psi (3|450kPa) and temperatures up to 150°F (65°C), steel
fittings\of the flared, flareless, socket welded, fusion

CONTrol 1ines as for Instrument 1ines, except that the
minimum inside diameter shall be 0.178in.(4.52 mm)
with a minimum wall thickness of 0.028ir. (§.71 mm),
provided that 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 dize reduc-
tion from the control tubing tothe control devige shall be
made as close to the contrél/device as possible.

(d) Fittings and Joints: Fittings and joints ghall be in
accordance with para=122.3.2(e)(2).

122.3.4 Sampling Piping

(a) TakebffConnections. Takeoff connectionsfshall be in
accordanceé with para. 122.3.2(a)(1).
(b) Valves
(1) Shutoff valves shall be in accordd
para. 122.3.2(b)(1).
(2) Blowdown valves shall be of the gradugl opening
type and shall be suitable for main line design pressure
and temperature.
(c) Materials. The materials to be used for| sampling
lines shall conform to minimum requiremenits for the
main line to which they connect.
(d) Fittings and Joints
(1) For subcritical and supercritical press
and for water above 150°F (65°C), fittings of
flareless, or socket welding type, or other suitable type of
similar design shall be used. The fittings shall Qe suitable
for main line design pressure and temperaturge.
(2) For water below 150°F (65°C), fittings|and joints
shall be suitable for main line design pregsure and
temperature and shall be in accordance with
para. 122.3.2(e)(2).

122.3.6 Fittings and Joints. All fittings shall be in
accordance with standards and specification$ listed in
Table 126.1-1.

nce with

ire steam,
he flared,

welded, or silver brazed socket type shall be used.

(-b) For main line pressures up to 500 psi (3450
kPa) and temperatures up to 150°F (65°C), the fittings may
be flared 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
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(a]J Socketwelded joints shall comply with the require-
ments of para. 111.3.

(b) Flared, flareless, and compression type fittings and
their joints shall comply with the requirements of
para. 115.

(c) Silver brazed socket type joints shall comply with
the requirements of paras. 117.1 and 117.3.

(d) Solder type joints shall comply with the require-
ments of paras. 117.2 and 117.3.

(20)
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(e) The use oftaper threaded joints up to and including
NPS % (DN 15) is permitted at pressures up to 5,000 psi
(34500 kPa) in dead-end service from outlet end and
downstream of shutoff valve located at the instrument,
at the control apparatus, or at the discharge of the
sample cooler.

122.3.7 Special Safety Provisions

(a) Connecting piping subject to clogging from solids or

(5) If the spraywater supply is from the boiler feed-
water system and its source is not downstream of the feed-
water check valve required by para. 122.1.7, a check valve
shall be provided in the spraywater piping between the
desuperheater and the spraywater source.

(6) Itis recommended that the valves and piping be
arranged to provide a head of water on the downstream
side of the stop valve.

(7) A typical arrangement is shown in Figure
122 4.1

deposits §hatt be provided with sSuitabte connections for
cleaning.

(b) Copnnecting piping handling air and gases
containinlg moisture or other extraneous materials
shall be provided with suitable drains or settling cham-
bers or trpps.

(c) Connecting piping that may contain liquids shall be
protected|from damage due to freezing by heating or other
adequate jmeans.

122.3.8| Supports. Supports shall be furnished as speci-
fied in paifa. 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) Ins
inspected
and 137.

(b) Th¢ inside of all piping, tubing, valves, and fittings
shall be smooth, clean, and free from blisters, loose mill
scale, sanjd, and dirt when erected. All lines shall, be
cleaned after installation and before placing in service.

rument, control, and sampling piping shall be
and tested in accordance with paras. 136

122.4 Spray-Type Desuperheater Piping forUse on
Steam Generators, Main Steam;.and Reheat
Steam Piping

(a) Valyes and Piping Arrangenient

(1) Hach spraywater pipe connected to a desuper-
heater shgll be provided withastop valve and a regulating
(spray cdntrol) valve. Fhe“regulating valve shall be
installed yipstream of the\stop valve. In addition, if the
steam geferator supplies steam to a steam turbine, a
power-opprated blgck valve® shall be installed upstream
of the regulating-valve.

(2) A bypass valve around the regulating valve is
permitted-

(8) Provisions shall be made to both steamahd jvater
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-
ments established by the manufacturer so that conplete
flow mixing is achieved prior4o any bends, elbows, or
other flow directional changes being encountered,

(9) Insertable-type.désuperheaters, which include
an integral stop and spraywater regulating valve, may
be used within the limitations established by the manu-
facturer. If this typg.is used, the individual stop and|regu-
lating valves shown in Figure 122.4-1 may be onjitted.
Insertablestype desuperheaters that have integral
valving internal to the desuperheater unit itself may be
used, provided that the manufacturer can demongtrate
that'the internal valving is in compliance with the require-
ments of this Code. All other requirements descrihed in
para. 122.4 shall apply.

(10) For Desuperheaters Located Within Main $team
or Reheat Steam Piping. The steam system to be dequper-
heated shall be provided with proper drainage during all
water flow conditions. The drainage system shall fufiction
both manually and automatically.

(b) Design Requirements

(1) The value of P to be used in the formu
para. 104 shall be as follows:

(-a) For piping from the desuperheater backlto the
stop valve required by (a)(1), the value of P shall be|equal
to or greater than the maximum allowable working|pres-
sure of the desuperheater.

(-b) For the remainder of the spraywater piping
system, the value of P shall be not less than the
maximum sustained pressure exerted by the spraywater.

(2) The stop valve required by (a)(1) shall be
designed for the pressure requirement of (1)(-a) ¢r the

as of

(3) Abypass valve around the power-operated block
valve is prohibited.

(4) On a superheater or reheater desuperheater, a
drain valve shall be installed between the power-operated
block valve and the regulating valve.

5 For information on the prevention of water damage to steam turbines
used for electric power generation, see ASME TDP-1.
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maximum sustained pressure exerted by the spraywater,
whichever 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
determine the design temperature to be used for the various
sections of the piping system.
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Figure 122.4-1 Desuperheater Schematic Arrangement

Desuperheater

S

GENERAL NOTE: This Figure is a schematic only and is not intended to show; equipment layout or orientation.

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 pressure side of the system shall be desighed to with-
stand the upstream design pressure~The pressure-
relieving valves or devices shall be located adjoining or
asclo

the r¢

devic
sure (

Regulating valve

Drain valve — reguired on superheater and
reheater destperheaters

Stop valve
From spray

water source

BlocKvalve

122.6 Pressure Relief Piping

Code shall
I conform
.6.2.

Pressure relief piping within the scope of this
be supported to sustain reaction forces, and sha
to the requirements of paras. 122.6.1 and 122

122.6.1 Piping to Pressure-Relieving Vglves and
Devices

(a) There shall be no intervening stop valves between

Ke as practicable to the reducing valve. The combined piping being protected and the protective valvelor device.
relievling capacity provided sHall be such that the design (b) Diverter or changeover valves designtir to allow
presspre of the low pressure'system willnotbe exceededif ~ servicing of redundant protective valves or devices

ducing valve fails‘epen. without system depressurization may be|installed

between the piping to be protected and the| required
122.5.2 Bypass Valves. Hand-controlled bypass valves . piping € b d .
i : X protective valves or devices under the followjng condi-
havinjg a capacity ne/greater than the reducing valve may tions:
be indtalled around pressure-reducing valves if the down- ; . o
e AN . (1) Diverter or changeover valves are prohibited on
streaim pipingis protected by pressure-relieving valves or . . o
ired | 192 51 or if the deci boiler external piping and reheat piping.
po.astequired in para. 2.1 OF I TNE Cesign pres- (2) One hundred percent (100%) of thd required
fthe downstream piping system and equipmentis at Yoo e o111 - . 1
Terreving capacity Sitair ot CoOntiIuousty ava able any

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.
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time the system is in service.

(3) Positive position indicators shall be provided on
diverter or changeover valves.

(4) Positive locking mechanisms and seals shall be
provided on diverter or changeover valves to preclude
unauthorized or accidental operation.

(5) Diverter or changeover valves shall be designed
for the most severe conditions of pressure, temperature,
and loading to which they are exposed, and shall be in
accordance with para. 107.


https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

ASME B31.1-2020

(6) Provision shall be made to safely bleed off the
pressure between the isolated protective valve or
device and the diverter or changeover valve.

122.6.2 Discharge Piping From Pressure-Relieving
Valves and Devices

(a) There shall be no intervening stop valve between
the protective valve or device and the point of discharge.

(b) When dlschargmg dlrectly to the atmosphere
discharge[st e Fpip
and shall he dlrected away from platforms and otherareas
used by personnel.

(c) It i recommended that individual discharge lines
be used, but if two or more reliefs are combined, the
discharge| piping shall be designed with sufficient flow
area to prevent blowout of steam or other fluids. Sectional
areas of a flischarge pipe shall not be less than the full area
of the valye or device outlets discharging thereinto, and
the dischalrge pipe shall be as shortand straight as possible
and so arrpnged as to avoid undue stresses on the valve or
device.

(d) Disgharge lines from pressure-relieving valves and
devices wjthin the scope of this Code shall be designed to
facilitate glrainage.

(e) When the umbrella or drip pan type of connection is
used, the|discharge piping shall be so designed as to
prevent bjnding due to expansion movements.

(f) Drdinage shall be provided to remove water
collected pbove 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 (42%7°C) only
during operation of pressure-relieving valves {see para.
107.8.3(b]] provided that

(1) the duration of the pressure-relieving valve’s
operation|is self-limiting

(2) the piping discharges direetly to atmosphere

(3) the allowable stresses for carbon steel materials
at temperptures above 8002F\(427°C) shall be taken from
ASME BPYC, Section II, Part-D, Table 1A for materials ap-
plicable fo ASME BPV(, Section I and Section VIII,
Division 1

122.7 Piping-for Flammable or Combustible
Liguids

expected service temperature relative to the possibility
of brittle fracture of materials. Consideration shall also
be given to the pressure rise that may occur as a cold
fluid absorbs heat from the surroundings.

122.7.2 Materials

(a) Seamless steel or nickel alloy piping materials shall
be used in all areas where the line is within 25 ft (7.6 m) of
equ1pment or other lines havmg an open flame or exposed

(204°C) Seamless steel or nlckel alloy pipecshall also
be used for fuel oil systems located downstream of
burner shutoff valves. Burner shutoff valves shall be
located as close to the burner as is practical.

(b) In all other areas, piping systems may includ¢ pipe
or tube of steel, nickel alloy, copperiyot brass construction.
Copper tubing shall have a thickness not less than that
required by para. 104.1.2(€){3), regardless of pregsure.
Refer also to paras. 1055124.6, and 124.7(a).

Wherever materials.6ther than steel or nickel allpy are
used, they shall besso located that any spill resulting from
the failure of thiése materials will not unduly expose
persons, buildings, or structures, or can be rdgadily
controlled by remote valves.

(c) Forlubricating oil systems, steel tubing is an a¢cept-
able.altetnative to steel pipe.

(d)~Polyethylene (PE) and reinforced thermose¢tting
resin (RTR) pipe may be used for flammable or combus-
tible liquids, in buried installations only, in accorflance
with Mandatory Appendix N.

122.7.3 Piping Joints

(a) Welded joints shall be used between steel or hickel
alloy piping components where practicable. Where holted
flanged joints are necessary, the gasket material shall be
suitable for the service. Where threaded jointf and
compression fittings are unavoidable, the following re-
quirements shall be met:

(1) For threaded joints, the pipe thickness shill be
notless than extra strong regardless of pressure or type of
material.

(2) The requirements of para. 114 shall apply|to all
threaded joints.

(3) Threaded jointsand compression fittings shall be
assembled carefully to ensure leak tightness. Threaded
joints shall meet the requirements of para 135.5.

122.7.1 General. Piping for flammable or combustible
liquids including fuel and lubricating oils is within the
scope of this Code. Piping for synthetic lubricants
having no flash or fire point need not meet the require-
ments of para. 122.7.

The designer is cautioned that, among other criteria,
static electricity may be generated by the flowing fluid.
Additionally, the designer is cautioned of the extreme chil-
ling effect of aliquefied gas flashing to vapor during loss of
pressure. This is a factor for determining the lowest

Compression fittings shall meet the requirements of
paras. 115 and 135.6. A thread sealant, suitable for the
service, shall be used in threaded joints unless the
joint is to be seal welded or a gasket or O-ring is used
to provide sealing at a surface other than the threads.
(b) Threaded joints in copper or brass pipe shall be
subject to the same limitations as for steel pipe in

()(1), (a)(2), and (a)(3).
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(c) Copper tubing shall be assembled with flared, flare-
less, or compression type joints as prescribed in para. 115,
or brazed in accordance with para. 117. Soft solder type
joints are prohibited.

(d) RTR pipe shall be adhesive bonded in accordance
with the pipe manufacturer’s recommended procedures.

(e) Pipejoints dependenton the friction characteristics
or resiliency of combustible materials for mechanical or
leak tightness of piping shall not be used inside buildings.

(7) protection of people by evacuation, by use of
appropriate personal protective equipment, or by
other means

The chilling effect from venting is a factor for deter-
mining the lowest expected service temperature relative
to the 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) through (4).

(f) Steeltubingshall be-assembled-with-fittingsin - Weldedjeints—shall-beused-between steel
accorfance with para. 115, or with socket weld fittings. components where practicable. Where boltgd flanged
4  re . joints are necessary, the gasket materialshall he suitable
122.7.4 Valves and Specialties. Valves, strainers, J . y 5 . .
e . for the service. Where threaded joints and compression
meters, and other specialties shall be of steel or nickel . . . .
. . . fittings are unavoidable, the following'requirements shall
alloy ronstruction. As an alternative, ductile or malleable be met:
iron ¢r copper alloy valves and specialties may be used, ’ . . .
. bp Y . P Y (-a) Forthreaded joints/the pipe thickngss shall be
subjeftto the restrictions in paras. 124.6 and 124.7, where not less than extra strone réeardless of pressurd or tvpe of
metal temperatures do not exceed 400°F (204°C). SN P yp

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 [2068.6
mm Hg (absolute)] at 100°F (37.8°C).

(b)| Threaded joints and compression fittings may be
used [subject to the limitations of para. 114.2.1(b) and
other| specific limitations identified below, except they:
are fermitted at connections to refillable storage
containers and associated pressure regulators, shutoff
valvep, pumps, and meters, to a maximum .pressure of
5,00Q psig [34475 kPa (gage)], provided (the' size does
not ekceed NPS %, (DN 20).

122.8.1 Flammable Gas
(a)
lene,
butarn

Some of the common flammable gases are acety-
ethane, ethylene, hydregen, methane, propane,
e, and natural or manwufactured gas used for fuel.
It shall be the designersresponsibility to determine
the limiting concenttations (upper and lower explosive
limitd) 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 lifles* shall be routed in such a way as to avoid
exploILive concentrations while venting. Each flammable

material.

(-b) Threadedjoints and compression fiftings may
be used subject tocthe limitations of para. 123.8(b).

(-c) Threaded joints and compression fittings shall
be assembled-carefully to ensure leak tightness|Threaded
joints shallMmeet the requirements of paga. 135.5.
Compression fittings shall meet the requir¢ments of
paras.\J15 and 135.6. A thread sealant, suitable for the
sefvice, shall be used in threaded joints unless the
joint is to be seal welded or a gasket or O-r;lg is used
to provide sealing at a surface other than the|threads.

(2) For hydrogen systems, the following dlternative
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 § guarded
manner that will prevent damage during construction,
operation, or service. Valves with suitable packing,
gages, regulators, and other equipment may also
consist of copper alloy materials. Safety religf devices
shall be vented individually, and connected vent piping
shall be designed to convey the fluid, withoult pockets,
to the outside atmosphere; and then direqted away
from equipment ventilation systems and vé¢nts from
other systems.

(3) For fuel gas instrumentation and conqrol, seam-

less copper tubing subject to the following r¢strictions

gas vent point shall be subjected to a hazard analysis that
requires owner approval. The hazard analysis shall
address

(1) dissipation of the flammable gases

(2) avoiding explosive concentrations

(3) mitigating possible ignition sources by stopping
hot work and other means

(4) impingement of gases on nearby objects

(5) foreign objects propelled by venting

(6) chilling effect from the venting operation
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may be used:

(-a) The design pressure shall not exceed 100 psi
(690 kPa).

(-b) Tubing shall not exceed % in. (15.9 mm)
nominal outside diameter.

(-c) All joints shall be made with compression or
flared fittings.
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(-d) Copper tubing shall not be used if the fuel gas
contains more than 0.3 grains (19.4 mg) of hydrogen
sulfide per 100 ft*/min (47 L/s) of gas at standard condi-
tions.

(-e) Consideration shall be given in the 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 guarded manner

(3) Safety Pressure Relief. The low pressure system
shall be protected from any leakage through the pressure-
reducing valves, when closed, by a safety relief valve
constructed and designed in accordance with
para. 107.8.3(b), and sized for the possible leakage rate.

122.8.2 Toxic Fluids (Gas or Liquid)

(a) Forthe purpose of this Code, a toxic fluid is one that
may be lethal or capable of producing injury and/or

that will prevent-damage-during-constructionoperation;
and servige.

(4) Holyethylene (PE) pipe may be used for natural
gas service, in buried installations only, in accordance with
Mandatorly Appendix N.

(c) Valves and Specialties. Valves, strainers, meters, and
other spegialties shall be of steel or nickel alloy construc-
tion. As ai} 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 temperatures do not
exceed 4(JO°F (204°C).

(d) Forlin-plant fuel gas distribution systems where the
use of a fulll-relieving-capacity safety or safety relief valve
as described in para. 107.8.3(b) could create an undue
venting hhzard, an alternative pressure-limiting design
may be gubstituted. The alternative design shall
include the provisions in (1) through (3).

(1) Tlandem Gas Pressure-Reducing Valves. To protect
the low gressure system, two gas pressure-reducing
valves capjable of independent operation shall be installed
in series.|Each shall have the capability of closing off
against the maximum upstream pressure, and of control-
ling the prfessure on the low pressure side at or beloW;the
design pressure of the low pressure system, if the*other
valve fails|open. Control lines must be suitably protected,
designed, jand installed so that damage to any one control
line will rfot result in overpressurizing'the downstream
piping.

(2) Trip Stop Valve. A fail-safetrip stop valve shall be
installed o automatically closeyin less than 1 sec, at or
below th¢ design pressure ‘of*the downstream piping.
It shall Be a manually_teset design. The pressure
switch for initiating closure of the trip stop valve shall
be hardwjred directlyto the valve tripping circuit. The
pressure §witch shallbe 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

serious iiiness through contact, inhatation, INgestipn, or
absorption through any body surface. It shall.be the
designers’ responsibility to adopt the safety ‘pyecautions
published by the relevant fluid industry, which mfay 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 minimizé the possibiljty of
damage from external sources,

(b) Preferably, pipe and-pipe fittings should be
less steel. Wall thickness;shall not be less than t
Table 122.8.2-1.

If the fluid is kmown to be corrosive to the stels in
Table 122.8.2-1/£he'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 cqmpo-
nents where practicable. Backing rings used for making
girth butt welds shall be removed after welding. [Miter
welds are prohibited. Fabricated branch conneqtions
(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 2%, (DN 65). Where
bolted flanged joints are necessary, socket wdld or
welding neck flanges shall be used. Gasket matprials
shall be suitable for the service. Compression fittings
are prohibited. Where the use of threaded joints is
unavoidable, all of the 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 joints and compression fittings may be
at connections to refillable storage container

beam-
hat in

extra

8(b),
used
5 and

and protected from mechanical damage and from
weather or other ambient conditions that could impair
its proper functioning. It may be located upstream or
downstream of the tandem gas pressure-reducing
valves. The trip stop valve and all upstream piping
shall be designed for the maximum upstream supply pres-
sure. The trip stop valve may also serve as the upstream
isolation valve of a double-block and vent gas supply isola-
tion system. Provision shall be made to safely bleed off the
pressure downstream of the trip stop valve.
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Tabl = ents
for Toxic Fluid Piping
Carbon and Stainless and
Low Alloy Steel Nickel Alloy Steel
(Mandatory Appendix A, (Mandatory Appendix A,
Size Tables A-1 and A-2) Tables A-3 and A-4)
NPS 2 (DN 50) Extra strong Schedule 10S
and
smaller
Larger than Standard weight Schedule 5S
NPS 2
(DN 50)
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associated pressure regulators, shutoff valves, pumps, and
meters to amaximum pressure of 50 psig [345 kPa (gage)],
provided the size does not exceed NPS 2 (DN 50).

(3) Threaded joints shall be assembled carefully to
ensure leak tightness. The requirements of para. 135.5
shall be met. A thread sealant, suitable for the service,
shall be used unless the joint is to be seal welded or a
gasket or O-ring is used to provide sealing at a surface
other than the threads.

d) Staal valuac chall ha vuead Daomnpmat 1ointe it
JoteerVarveS—SaaroeuSea—o FOHES— Wt

owner approval. The hazard analysis shall address the
following:

(1) dissipation of the toxic gases

(2) avoiding exposing personnel to toxic concentra-
tions by vent point location, by evacuation, by use of
appropriate personal protective equipment, or by
other means

(3) foreign objects propelled by venting

(4) chilling effect from the venting operation [see
12281 {aH

S+

taperpd threads are not permitted. Special consideration
shall pe given to valve design to prevent stem leakage to
the ejvironment. Bonnet or cover plate closures and other
body [joints shall be one of the following types:

7) union

) flanged with suitable gasketing and secured by at
four bolts

3) proprietary, attached by bolts, lugs, or other
substantial means, and having a design that increases
gasket compression as fluid pressure increases

4) threaded with straight threads sufficient for
mechjanical strength, metal-to-metal seats, and a seal

least

weld [made in accordance with para. 127.4.5, all acting
in serfies
(e)| Tubing not larger than % in. (16 mm) 0.D. with

sockdt welding fittings may be used to connect instru-
ments to the process line. An accessible root valve
shall pe provided at the process lines to permit isolating
the thibing from the process piping. The layout and
mourjting of tubing shall minimize vibration and exposure
to popsible 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
analypis shall be made where necessary to avoid or mini-
mize |vibration, pulsation, or_resenance effects in the
piping. The designer is cautioned to consider the possi-
bility| of brittle fracture_ of‘the steel material selected
over the 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 thah seamless extra strong steel.

(h)| Togie fluid piping shall be pneumatic leak tested in
accorfance with para. 137.5. Alternatively, mass spectro-

A
L= o oy

122.8.3 Nonflammable Nontoxic Gas

(a) Piping for nonflammable and nontoxic gases, such
as air, oxygen, carbon dioxide, and,nitrogen, shall comply
with the requirements of this Code, except as pptherwise
permitted in (b). The designer'is/cautioned of the extreme
chilling effect during rapid €xpansion. This is af factor for
determining the lowest\expected service temperature
relative to the brittlesfracture of the material [selected.

(b) Threaded joints and compression fittings may be
used subject to, the conditions of para. 122.8(p).

122.9 Piping for Corrosive Liquids and Gases

Whete it is necessary to use special materigl, such as
glass, plastics, or metallic piping lined with nonrpetals, not
listed in Table 126.1-1, for conveying corrosive pr hazard-
ous liquids and gases, the design shall meet thle require-
ments of para. 104.7.

122.10 Temporary Piping Systems

Prior to test and operation of the power plgnt and its
included piping systems, most power and auxiligry service
piping are subjected to flushing or chemical cleaning to
remove internal foreign material such as rust] particles,
scale, welding or brazing residue, and dirt, which may
have accumulated within the piping during the| construc-
tion period. This Code does not address the flushing or
cleaning operations. Temporary piping, i.p., piping
attached to the permanent piping system whose function
is to provide means for introducing and removing the
fluids used in the flushing or cleaning operatjons, shall
be designed and constructed to withstand the|operating
conditions during flushing and cleaning. The[following
minimum requirements shall apply to tgmporary
piping systems:

meter or halide leak testing 1n accordance with para.
137.6, 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 such a way as to avoid exposing personnel to hazardous
concentrations while venting. Each toxic gas vent point
shall be subjected to a hazard analysis that requires

67

(a] Each such system shall be analyzed for compliance
with para. 103.

(b) Connections for temporary piping to the permanent
piping systems that are intended to remain shall meet the
design and construction requirements of the permanent
system to which they are attached.

(c) The temporary systems shall be supported such
that forces and moments due to static, dynamic, and
expansion loadings will not be transferred in an unaccept-
able manner to the connected permanent piping system.
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Paragraphs 120 and 121 shall be used as guidance for the
design of the temporary piping system’s supporting
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 p1p1ng is to be sub]ected to hlgh ve10c1ty

122.13 Pump Discharge Piping

Pump discharge piping from the pump up to and
including the valve normally used for isolation or flow
control shall be designed for the maximum sustained pres-
sure exerted by the pump and for the highest coincident
fluid temperature, as a minimum. Variations in pressure
and temperature due to occasional inadvertent operation
are permitted as limited in para. 102.2.4 under any of the
following conditions:

blowing g
of trappdd or potentlally trapped water within the
system shall be incorporated. Supports at the exhaust
terminals [of blowdown piping shall provide for restraint
of potentipl pipe whip.

(e) Where necessary, temporary systems containing
cast iron |or carbon steel material subject to chemical
cleaning ghall be prewarmed to avoid the potential for
brittle failure of the material.

(f) Where temporary piping has been installed and it
does not ¢omply with the requirements of this Code for
permaner]t 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 arld prior to plant startup.

122.11 Steam Trap Piping

122.11.
ment op¢
connecteq

| Drip Lines. Drip lines from piping or equip-
rating at different pressures shall not be
to discharge through the same trap.

122.11.2 Discharge Piping. Trap discharge piping shall
be designgd to the same pressure as the inlet piping unless
the discharge is vented to atmosphere or is ©perated
under low pressure and has no stop valves.-Inho case
shall the |design pressure of trap discharge piping be
less than [the maximum discharge pressure to which it
may be syibjected. Where two or more’ traps discharge
into the spme header, a stop valve_shall be provided in
the discharge line from each trap. Where the pressure
in the discharge piping can‘exceed the pressure in the
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 thesteam trap is designed to automa-
tically prepent revetse flow and is capable of withstanding
a reverse |differential pressure equal to the design pres-
sure of the discharge piping.

(a) during operation of overpressure relieving, yalves
designed to protect the piping system and the|attached
equipment

(b) during a short period of abnormalroperation
as pump overspeed

(c) during uncontrolled transients of pressure or
temperature

such

122.14 District Heating-and Steam Distributjon
Systems

122.14.1 General. Where pressure-reducing valves are
used, one or more pressure-relieving valves or d¢vices
shall be providéd on the low pressure side df the
system. Otherwise, the piping and equipment on the
low pressture side of the system shall be designed to|with-
stand-thee upstream design pressure. The presjsure-
relieving valves or devices shall be located adjoining or
as'close as practicable to the reducing valve. The compined
relieving capacity provided shall be such that the design
pressure of the low pressure system will not be excedded if
the reducing valve fails open.

122.14.2 Alternative Systems. In district heating and
steam distribution systems where the steam pressure
does not exceed 400 psi (2750 kPa) and wherfe the
use of pressure-relieving valves or devices as desdribed
in para. 122.14.1 is not feasible (e.g., because therd is no
acceptable discharge location for the vent piping), |alter-
native designs may be substituted for relief valyes or
devices. In either case, it is recommended that alarms
be provided that will reliably warn the operator of
failure of any pressure-reducing valve.

(a) Tandem Steam Pressure-Reducing Valves. Two or
more steam pressure-reducing valves capable of indepen-
dent operation may be installed in series, each set| at or
below the safe working pressure of the equipmer]t and

piping sustem served.-In this case-no relief valve or
| il [=) J U v

122.12 Exhaust and Pump Suction Piping

Exhaust and pump suction lines for any service and
pressure shall have pressure-relieving valves or
devices of suitable size unless the lines and attached
equipment are designed for the maximum pressure to
which they may accidentally or otherwise be subjected,
or unless a suitable alarm indicator, such as a whistle
or free blowing pressure-relieving valve, is installed
where it will warn the operator.
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device is required.

Each pressure-reducing valve shall have the capability
of closing off against full line pressure, and of controlling
the reduced pressure at or below the design pressure of
the low pressure system, if the other valve fails open.

(b) Trip Stop Valves. A trip stop steam valve set to close
ator below the design pressure of the low pressure system
may be used in place of a second reducing valve or a relief
valve.
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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 Materials and Specifications

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:

1) It is referenced in a standard listed in
Tabl¢ 126.1-1. Such a material shall be used\only
within the scope of and in the product form covered
by the referencing standard listed in Table™126.1-1.

?) 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.
1), Stich material shall not be considered listed and

whether a request has been made or will’b¢ made to
the Section I Committee to consider permitting the use
of the material. The request shall indicate thq intended
application and range of service temperaturgs for the
material. In determining whether“a material should be
permitted to be used in BEP, the ASME B31.1 (ommittee
will consider the following.and other pertinent factors:
(-a) whether thesmaterial is permitted {o be used

by ASME BPVC, Sectiori1
(-b) whether the material is essentially the same

as amaterial permitted to be used by ASME BPV(, Section I
(-c) thefexperience base for the use of thie material

(-d)) whether the material is seam welded with

filler metal added (seam-welded pipe with filler metal
added\is generally not permitted)
(-e) whether the material is intended [for use in
water-wetted service and is austenitic stainless pteel (aus-
tenitic stainless steels are generally not permitted in
water-wetted service)
(d) Materials conforming to ASME SA or ASME SB speci-
fications may be used interchangeably with material
specified to the listed ASTM A or ASTM B spefifications
of the same number, except where the requirgments 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 beused as a ifsted materiat untt it has 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 II, Part
D, Mandatory Appendix 5.

(2) Ifitis desired that the material be permitted for
use in Boiler External Piping (BEP), this should be noted in
the request. The request should indicate whether the
material is currently permitted for use by ASME BPVC,
Section I or an ASME BPVC, Section I Code Case and

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 on data associated with successful experience,
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tests, or analysis, or a combination thereof. See
para. 124.1.2 for minimum service temperature qualifica-
tions.

(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.

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, ASME SB, or ASME SFA specifications. Material
produced under an ASTM specification may be used,
provided that the requirements of the ASTM specification
are identical or more stringent than the ASME specifica-
tion for the grade, class, or type produced. The material
manufacturer or component manufacturer shall certify,

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) at least one of the multiple markings includes a
material gpecification, grade, class, and type or alloy of
the materjal selected by the designer; the selected mate-
rial is permitted by this Code; and the selected material
meets all the requirements of that specification

(b) onlythe appropriate design values, including allow-
able stregs, for the selected material from Mandatory
Appendices A through C are used

(c) themultiple markings meet the guidelines set outin
ASME BPYC, Section II, Part D, Mandatory Appendix 7

(d) all ¢ther requirements of this Code are satisfiedfor
the selectpd material

123.1.7| Materials Manufactured to Other Specifica-
tion Editipns. Materials may meet the reguirements of
material £pecification editions other-than the editions
listed in Mandatory Appendix F provided

(a) the| materials are the same.specification, grade,
type, clasg, or alloy, and heat-treated condition, as appli-
cable.

(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 spegification in Mandatory Appendix F,
the effect|of the‘reduction on the allowable stress and
the desigrr shall be reconciled.

with evidence acceptable to the Authorized Inspgctor,
that the ASME specification requirements_have[been
met. Materials produced to ASME or ASTM material speci-
fications are not limited as to country of origin.

(b) Materials that are not fully identified shall ¢
with ASME BPVC, Section I, PG-10-

(c) Inaddition to materials listed\in Mandatory Appen-
dix A without Note (1), materialsthat are listed in ASME
BPVC, Section I may be uSed-in boiler external pjping.
When such Section I materials are used, the alloyable
stresses shall be those listed in ASME BPVC, Sectjon II,
Part D, Tables 1A and 1B applicable to Section [. For
these Section Iimaterials, the applicable requirements
in Tables 1A and 1B, and Section I, PG-5 through PG-
13, PW-5, PWT-5, PMB-5, and PEB-5 shall be met.

mply

123.3~Pipe-Supporting Elements

Materials used for pipe-supporting elements shpll be
Suitable for the service and shall comply with the require-
ments of para. 121.2(c), para. 121.7.2(c), para. 121.7.2(d),
para. 123.1, or MSS SP-58. When using MSS SP-58B, 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 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 pppli-
cable material specification or in accordance|with
para. 136.4.5 or para. 136.4.6 and Table 136.4.1}1, or

the joint efficiency factor (used as a multiplier flo the

123.2 Piping Components

123.2.1 General. Materials that do not comply with the
rules of para. 123.1 may be used for flared, flareless, and
compression type tubing fittings, provided that the re-
quirements of para. 115 are met.
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weld strength reduction factor) from Table 102.4.7-1
shall be used.

124 LIMITATIONS ON MATERIALS

124.1 Temperature Limitations

124.1.1 Upper Temperature Limits. The materials
listed in the Allowable Stress Tables,Tables A-1
through A-10, Mandatory Appendix A, shall not be
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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 Tough-
ness Requirements for Piping, shall be met.
(1) For materials listed in ASME B31T, see

124.4 Gray Cast 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
herein and in para. 105.2.1(b). Castings to ASME SA-

Nonnfandatory Appendix VIIT for guidelines to determine
if low-temperature service requirements apply.

) For materials not listed in ASME B31T, the
desigher shall establish the T-number group using the
guidg¢lines 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-
numHber group assignment, impact tests shall be run on
threefheats of the material. The test shall be in accordance
with the requirements of section 4 of ASME B31T, and the
test femperature shall be at or below the “Material
Minimum Temperature Without Impacts” listed for the
T-nuthber group in Table 3.1-1 of ASME B31T.

124.2 Steel

(a)] Upon prolonged exposure to temperatures above
800°F (427°C), the carbide phase of plain carbon steel,
carbgn-molybdenum steel, plain nickel alloy steel,
carbgn-manganese alloy steel, manganese-vanadiunl
alloy |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 chromiumsvanadium, may
be converted to graphite.

(c)|Carbon or alloy steel having carbon content of more
than (.35% shall not be used iri welded construction or be
shapg¢d by an oxygen cuttihg)process or other thermal
cuttinlg processes.

(d)| Where low allpy 2%,% chromium steels are used at
temperatures aboye850°F (454°C), the carbon content of
the base material-and weld filler metal shall be 0.05% or
highefr.

(e)| Carbon*and low alloy steels may be susceptible to
flow-aceelerated corrosion (FAC, also referred to as flow-

include rapid or turbulent single- or two-phase flow, low
pH, low oxygen concentration, and temperatures in the
range of approximately 200°F (93°C) to 500°F (260°C).
Materials containing at least 0.1% chromium are consid-
ered to be less susceptible to FAC, and these steels will
exhibit increasing resistance to FAC as chromium
content is increased. Additional information regarding
FAC is provided in Nonmandatory Appendix IV.

278 and ASTM A278 shall have maximum Jimlits of 250
psig [1725 kPa (gage)] and 450°F (232°C))

The following referenced paragraphs piohibit or
restrict the use of gray cast iron foricertain agplications
or to certain pressure-temperature ratings:

121.7.2(c)
122.1.4(a)(3)
122.1.4(b)(3)
122.1.7
122.1.7(c)(5), 122.1.7(c)(6)

Pipe supports

BEP blowoff

BEP blowdown

BEP valves and fittings
Blowoff valves
Non-BEP blowoff: 122.2(a)(1)
Non-BEP blowdewn 122.2(a)(2)
Flammable or combustible liquids 122.7.2(a), 122.7.2(b), 122.7.4
122.8.1(b), 122.8.1{c)
122.8.2(b), 122.8.2[d)

Flammable gases

ToxiC gases or liquids

124.5 Malleable Iron

Certain types of malleable iron have low ductility char-
acteristics and may be subject to brittle fracture|Malleable
iron may be used for design conditions not to ekceed 350
psig [2415 kPa (gage)] or 450°F (232°C).

The following referenced paragraphs piohibit 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), 122f7.2(b),
122.7.4

122.8.1(b), 122/8.1(c)

122.8.2(3,42218.2(d)

Pipe supports

BEP blowoff

BEP blowdown
Non-BEP blowoff
Non-BEP blowdown

Flammable or combustible liquids

Flammable gases

124.6 Ductile (Nodular) Iron

Ductile iron components complying with ANSI/AWWA
C110/A21.10, ANSI/AWWA C115/A21.15, ANSI/AWWA
C151/A21.51, or ANSI/AWWA C153/A21.53 may be
used for water and other nontoxic, nonflammable
service, with pressure limits as specified in those stan-
dards and temperature limits as specified in
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para. 106.1(e). These components may not be used 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 [2415

(b) the cladding or lining is a material that in the judg-
ment of the user is suitable for the intended service, and
the cladding/lining and its method of application do not
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.

kPa (gagept
(3) Design temperature shall not exceed 450°F

(232°C).

(b) We
the comp
system.

(c) Thq following referenced paragraphs prohibit or
restrict the use of ductile iron for certain applications
or to certpin pressure-temperature ratings:

ding shall not be used, either in fabrication of
nents or in their assembly as a part of a piping

BEP blowoff 122.1.4(a)(3)
BEP blowdgwn 122.1.4(b)(3)
BEP blowoff valves 122.1.7(c)(5), 122.1.7(c)(6)

Non-BEP blpwoff
Non-BEP blpwdown

122.2(a)(1)
122.2(a)(2)

Flammable por combustible liquids 122.7.2(a), 122.7.2(b), 122.7.4
Flammable [gases 122.8.1(b), 122.8.1(c)
Toxic gases|or liquids 122.8.2(b), 122.8.2(d)

Pipe suppofts 123.3

124.7 N

Nonferfous metals may be used in piping systemsuinder
the following conditions:

(a) The melting points of copper, ecopper alloys,
aluminun, and aluminum alloys must b€ considered, par-
ticularly where there is a fire hazard.

(b) The designer shall considep the possibility of
galvanic forrosion when combinations of dissimilar
metals, such as copper, aluthinum, and their alloys, are
used in cpnjunction with each other or with steel or
other metals in the présence of an electrolyte.

(c) Threaded Connections. A suitable thread compound
shall be uped in making up threaded joints in aluminum
pipe to pfeventiseizing that might cause leakage and
perhaps prevent disassembly. Pipe in the annealed

nferrous Metals

tHe—tHH CIc e 55— 0 T—ente—cmatatttt ot treare

(3) tha thiclrmace of tha nlqurh'ng is—not-eredited for

structural strength in the piping design.

124.9 Nonmetallic Pipe

This Code recognizes the existence of a. wide variety of
nonmetallic piping materials that may’be used in corfosive
(either internal or external) or other specialized apjplica-
tions. Extreme care must be takeh in their selectipn, as
their design properties vary. greatly and depend dn the
material, type, and gradeParticular consideration shall
be given to

(a) possible destruction where fire hazard is invjolved

(b) possibleddécrease in tensile strength at light
increase in temperature

(c) effectsvof toxicity

(d) requirements for providing adequate suppdgrt for
flexiblepipe

Rules and service limitations for plastic and elastpmer-
based piping materials, including thermoplastics and rein-
forced thermosetting resins, are given in Mandatory
Appendix N.

124.10 Deterioration of Materials in Service

Itis the responsibility of the designer to select matferials
suitable for the intended application. Guidelines and finfor-
mation related to corrosion, corrosion protection, and
potential damage mechanisms other than corrosidn are
provided in Nonmandatory Appendices IV and V.

124.11 Gaskets

Limitations on gasket materials are coverpd in
para. 108.4.

124.12 Bolting

Limitations on bolting materials are covergd in
para 1085

temper shoutdTotbethreaded:

124.8 Cladding and Lining Materials

Materials with cladding or lining may be used, provided
that

(a) thebase material is an approved Code material. The
allowable stress used shall be that of the base metal at the
design temperature.
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125 CREEP STRENGTH ENHANCED FERRITIC
MATERIALS

125.1 Requirements for ASTM A217, Grade C12A
and ASTM A1091, Grade C91 Castings

125.1.1 Required Examinations. The casting shall be
examined in accordance with the requirements of
para. 102.4.6(b).
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Alternatively, castings for valves may be examined in
accordance with the requirements of ASME B16.34 for
special class valves.

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
1080°C), followed by air or accelerated cooling® to a
temperature of 200°F (95°C) or below, followed by

125.1.3 Weld Repair Requirements

(a) Weld repairs to castings shall be made with one of
the following welding processes and consumables:
(1) SMAW, ASME SFA-5.5/SFA-5.5M E90XX-B9
(2) SAW, ASME SFA-5.23/SFA-5.23M EB9 + neutral
flux
(3) GTAW, ASME SFA-5.28/SFA-5.28M ER90S-B9
(4) FCAW, ASME SFA-5.29/SFA-5.29M E91T1-B9
In addition, the Ni + Mn content of all welding

tempfring withim a range of 1,350°F to 1,#70°F (730°C
to 80[0°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 tgmpering heat treatment in accordance with the re-
quirements of this subparagraph shall be carried out.

(b)| When heat treating single castings, compliance with
the specified temperature range shall be verified by ther-
mocopuples placed directly on the casting. For castings that
are heat treated in batches, compliance with the specified
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 tireatment, to include both the number and location_ of
thernmpocouples applied to each casting, or to eachcheat
treatnent batch of castings, shall be prepaned and
made|available to the purchaser. In addition, alkheat treat-
ment|temperatures and cycle times for the\fihal austeni-
tizingand tempering heat treatment, and any subsequent
subcriitical heat treatment, shall be shewn 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 aecordance with Supplementary
Requirement S13 of'ASTM A217 or ASTM A1091, as ap-
plicaljle.

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 accordancepwith ASME BPVC,
Section IX.

(c) All weld repairs shall be,recorded with
their location on the castinge Forall major weld fepairs, as
defined in ASTM A217, para/ 9.4 or ASTM A1p91, para.
10.3.4, as applicable, therecord shall include a description
of the length, width, and depth of the repair. Sypplemen-
tary RequirementS12 of ASTM A703 shall apply. For weld
repairs performed as part of material manufgcture, the
documentation shall be included with the Material Test
Report..Fot weld repairs performed on compénents for
boiler, external piping by the Manufacturer, dgcumenta-
tion shall be included with the Manufactuier’s Data
Report.

respect to

125.1.4 Overheating 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 them replaced
in the component.

facturer’s
of ASTM

125.1.5 Certification Requirements. A many
test report meeting certification requirement
A703 shall be provided.

1 To facilitate complete transformation to martensite after the auste-
nitizing, cooling should be as uniform as possible.
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Chapter IV
Reference Specifications, Codes, and Standards

(20) 126 SPECIFICATIONS AND STANDARDS FOR
STANDARD AND NONSTANDARD PIPING
COMPONENTS

(20) 126.1 St

Standa
standardq
accordand

ndard Piping Components

d piping components shall comply with the
and specifications listed in Table 126.1-1 in
e with para. 100.

126.2 Nonstandard Piping Components

When n|
accordan
standards
when pra

126.3 Re

The do
referencd
listed in {

onstandard piping components are designed in
fe with para. 104, adherence to dimensional
of ANSI and ASME is strongly recommended
Cticable.

ferenced Documents

ruments listed in Table 126.1-1 may contain
s to codes, standards, or specifications not
his Table. Such unlisted codes, standards, of

specifications are to be used only in the contekt
listed documents in which they appear.

bf the

Where documents listed in Table 126.[l-1 contain

design rules that are in conflict with"this Cod
design rules of this Code shall govern.

The fabrication, assembly, examination, inspectio
testing requirements of Chaptéps,V and VI apply
construction of piping systems. These requirer
are not applicable to piping/components manufad
in accordance with thé documents listed in
126.1-1 unless specifically so stated.

126.4 Other.Documents

Table 126.1-1 may contain references to codes,
dards, orsspecifications not referenced elsewhg
this Gede. Compliance with these codes, standar
specifications is permissible when the rules do not c
with this Code.

b, the

n, and
o the
hents
tured

Table

stan-
re in
s, or
nflict
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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
Seamlless and Welded Pipe
5L Line Pipe
570 Piping Inspection Code: In-Service Inspection, Rating, Repair, and Alteration of Piping Systems, Third Ed|tion
ASCE Standard
ASCE/BEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other Structure§
ASME Codes and Standards
B1.1 Unified Inch Screw Threads
B1.13M Metric Screw Threads — M Profile
B1.20.1 Pipe Threads, General Purpose (Inch)
B1.20. Dryseal Pipe Threads (Inch)
B16.1 Gray Iron Pipe Flanges and Flanged Fittings — Classes 25,125, and 250
B16.3 Malleable Iron Threaded Fittings
B16.4 Gray Iron Threaded Fittings
B16.5 Pipe Flanges and Flanged Fittings
B16.9 Factory-Made Wrought Buttwelding Fittings
B16.1( Face-to-Face and End-to-End Dimensions of Valves
B16.11 Forged Fittings, Socket-Welding and Threaded
B16.14 Ferrous Pipe Plugs, Bushings, and Locknuts With Pipe Threads
B16.1]5 Cast Bronze Threaded Fittings, Classes 125 and 250
B16.19 Cast Copper Alloy Solder-Joint Pressure Fittings
B16.2( Metallic Gaskets for Ripe'Flanges — Ring Joint, Spiral Wound, and Jacketed
B16.21 Nonmetallic Flat/Gaskets for Pipe Flanges
B16.23 Wrought Copper and Copper Alloy Solder Joint Pressure Fittings
B16.24 Cast Coppér Alloy Pipe Flanges and Flanged Fittings — Class 150, 300, 400, 600, 900, 1500, and 2500
B16.21 Butt Welding Ends
B16.26 Cast ‘Copper Alloy Fittings for Flared Copper Tubes
B16.34 Valves — Flanged, Threaded, and Welding End
B16.34 Orifice Flanges
B16.47 Ductile Iron Pipe Flanges and Flanged Fittings — Classes 150 and 300
B16.47 Large Diameter Steel Flanges
B16.44 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

B18.22.1 [Note (1)]

Plain Washers
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Table 126.1-1 Specifications and Standards (Cont’d)

Designator Title
ASME Codes and Standards (Cont’'d)
B18.31.1M Metric Continuous and Double-End Studs
B18.31.2 Continuous Thread Stud, Double-End Stud, and Flange Bolting Stud (Stud Bolt) (Inch Series)
B31.3 Process Piping
B31.4 Pipeline Transportation Systems for Liquid Hydrocarbons and Other Liquids
B31.8 Gas Transmission and Distribution Piping Systems
B31E Standardfor-the—SeismiePesigrandRetrofit-of Above-GrotundPiping-Systems
B31j Stress Intensification Factors (i-Factors), Flexibility Factors (k-Factors), and Their Determination for Metallic)Piping
Components
B31P Standard Heat Treatments for Fabrication Processes
B31T Standard Toughness Requirements for Piping
B36.10M Welded and Seamless Wrought Steel Pipe
B36.19M Stainless Steel Pipe
BPVC Boiler and Pressure Vessel Code
TDP-1 Recommended Practices for the Prevention of Water Damage to Steam Turbines Uséd for Electric Power Generation —

Fossil Fueled Plants

ASTM Ferrous Material Specifications

Bolts, NutsL/[and Studs

A193/A193
A194/A194M
A307
A320/A320)
A354
A437/A437M
A449
A453/A453

=

=

Castings
A47/A47M
A48/A48M
Al126
A197/A197M
A216/A216
A217/A217

= =

A1091/A108

Forgings

A105/A105M
A181/A181M
A182/A182M
A336/A336M
A350/A350M
A965/A965M

Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature Service

Carbon and Alloy Steel Nuts for Bolts for High-Pressure and(High-Temperature 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 Other 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 S
Gray Irfon-€astings for Pressure-Containing Parts for Temperatures Up to 650°F (350°C)

SteelCastings, Austenitic, for High-Temperature Service

Steel Castings, Alloy, Specially Heat-Treated for Pressure-Containing Parts Suitable for High-Temperature Serv
Ferritic Ductile Iron Pressure-Retaining Castings for Use at Elevated Temperatures

Ductile Iron Castings

rvice

Service

Carbon Steel Forgings for Piping Applications

Carbon Steel Forgings for General Purpose Piping

parature

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

SeamlLss Pipe and Tube

A106/
A179/
A192/
A210/
A213/
A335/
A369/
A376/

N106M
A179M
A192M
A210M
\213M
\335M
N369M
A376M

Seamless Carbon Steel Pipe for High-Temperature Service

Seamless Cold-Drawn Low-Carbon Steel Heat-Exchanger and Condenser Tubes

Seamless Carbon Steel Boiler Tubes for High-Pressure Service

Seamless Medium-Carbon Steel Boiler and Superheater Tubes

Seamless Ferritic and Austenitic Alloy-Steel Boiler, Superheater, and Heat-Exchanger Tabes
Seamless Ferritic Alloy Steel Pipe for High-Temperature Service

Carbon and Ferritic Alloy Steel Forged and Bored Pipe for High-Temperature-Service

Seamless Austenitic Steel Pipe for High-Temperature Central-Station Service

Seamlpss and Welded Pipe and Tube

A53/AF3M Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded and Séamless

A268/A268M Seamless and Welded Ferritic and Martensitic Stainless Steel Tubing for General Service
A312/A312M Seamless and Welded and Heavily Cold Worked Austenitic’Stainless Steel Pipe

A333/A333M Seamless and Welded Steel Pipe for Low-Temperaturé-Service

A450/A450M General Requirements for Carbon and Low Alloy Steel Tubes

A530/A530M General Requirements for Specialized Carbonrand 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 Se
A790/A790M Standard Specification for Seamlessiand Welded Ferritic/Austenitic Stainless Steel Pipe

Welddd Pipe and Tube

A134 Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS 16 and Over)

A135/A135M Electric-Resistance-Welded Steel Pipe

A139/A139M Electric-Fusion, (Are)-Welded Steel Pipe (NPS 4 and Over)

A178/A178M Electric-Resistance-Welded Carbon and Carbon-Manganese Steel Boiler and Superheater Tubes
A214/A214M ElectricfResistance-Welded Carbon Steel Heat-Exchanger and Condenser Tubes

A249/A249M Welded ‘Austenitic Steel Boiler, Superheater, Heat-Exchanger, and Condenser Tubes

A254 Coppeér Brazed Steel Tubing

A358/A358M Electric-Fusion-Welded Austenitic Chromium-Nickel Stainless Steel Pipe for High-Temperature Service
A409/M409M 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 E‘ICLLI iL'FUbiUll"\l‘V’CidCb‘l DLCCi Flpc fUl Higll'?l CS5UItT SCI ViLC dl IVIULICI ditT TUlllpEl dlurcs

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

vice
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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
A283/A283M
A285/A285M
A299/A299M

Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and General Applications
Low and Intermediate Tensile Strength Carbon Steel Plates
Pressure Vessel Plates, Carbon Steel, Low- and Intermediate-Tensile Strength

Pressure Vessel Plates, Carbon Steel, Manganese-Silicon

A387/A387p
A515/A515M
A516/A516M

+

Rods, Bars| and Shapes

A276/A276M
A322
A479/A479M
A564/A564
A575
A576

=

Structural Components

in? XL 1. Dlos All S 1 _Cl H M aledadd
Pressture-Vessel-Plates;Attoy-Steelb€hromium-Molybdenum
Pressure Vessel Plates, Carbon Steel for Intermediate- and Higher-Temperature Service

Pressure Vessel Plates, Carbon Steel, for Moderate- and Lower-Temperature Service

Stainless Steel Bars and Shapes

Steel Bars, Alloy, Standard Grades

Stainless Steel Bars and Shapes for Use in Boilers and Other Pressure Vessels
Hot-Rolled and Cold-Finished Age-Hardening Stainless Steel Bars and Shapes
Steel Bars, Carbon, Merchant Quality, M-Grades

Steel Bars, Carbon, Hot-Wrought, Special Quality

A36/A36M Structural Steel
A125 Steel Springs, Helical, Heat Treated
A229/A229M Steel Wire, Oil-Tempered for Mechanical Springs
A242/A242M High-Strength Low Alloy Structural Steel
A992/A992M Structural Steel Shapes
ASTM Nonferrous-Material Specifications
Castings
B26/B26M Aluminum-Alloy Sand Castings
B61 Steam or Valve Bronze Castings
B62 Composition Bronze or Ounce’ Metal Castings
B108 Aluminum-Alloy Permanent Mold Castings
B148 Aluminum-Bronze(Sand Castings
B367 Titanium and Titanium Alloy Castings
B584 Copper Alloy\Sand Castings for General Applications
Componeng{s

F1476 [Notg (2)]
F1548

Forgings

Performance of Gasketed Mechanical Couplings for Use in Piping Applications

Pérformance of Fittings for Use With Gasketed Mechanical Couplings Used in Piping Applications

B247, B247M
B283
B381
B462

B564

Aluminum and Aluminum-Alloy Die, Hand, and Rolled Ring Forgings
Copper and Copper-Alloy Die Forgings (Hot Pressed)
Titanium and Titanium Alloy Forgings

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

Nickel Alloy Forgings

Seamless Pipe and Tube

B42

Seamless Copper Pipe, Standard Sizes
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Table 126.1-1 Specifications and Standards (Cont’d)

Designator Title
ASTM Nonferrous Material Specifications (Cont’d)
B43 Seamless Red Brass Pipe, Standard Sizes
B68, B68M Seamless Copper Tube, Bright Annealed
B75 Seamless Copper Tube
B88, B88M Seamless Copper Water Tube
B111, B111M Copper and Copper-Alloy Seamless Condenser Tubes and Ferrule Stock
B161 Niekel-SeamtessPipe-and—TFube
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, arid N06496), 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, B234M Aluminum and Aluminum-Alloy Drawn Seamless Tubes for Condensers and Heat"Exechangers
B241/B241M Aluminum and Aluminum-Alloy Seamless Pipe and Seamless Extruded Tube
B251, 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 apd 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.Seamless Pipe and Tube
B690 Iron-Nickel-Chromium-Molybdenum Alloys ‘(UNS N08366 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“Pipe

Seamlpss and Welded Pipe and Tube

plybdenum-

Ni-Cr-Fe-Al

B338 Seamless and Welded Titanium and Titanium Alloy Tubes for Condensers and Heat Exchangers

B444 Nickel-Chromium-Molybdenum-Columbium Alloy (UNS N06625 and UNS N06852) and Nickel-Chromium-M|
Silicon Alloy (UNS-N06219) Pipe and Tube

Welddd 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)
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 Altoy Pipe

B626 Welded Nickel and Nickel-Cobalt Alloy Tube

B673 UNS N08925, UNS N08354, and UNS N08926 Welded Pipe

B674 UNS N08925, UNS N08354, and UNS N08926 Welded Tube

B675 UNS N08367 Welded Pipe

B676 UNS N08367 Welded Tube

B704 Welded UNS N06625, N06219, and N08825 Alloy Tubes

B705 Nickel-Alloy (UNS N06625, N06219, and N08825) Welded Pipe

B804 UNS N08367 and UNS N08926 Welded Pipe

B862 Titanium and Titanium Alloy Welded Pipe
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Table 126.1-1 Specifications and Standards (Cont’d)

Designator Title

ASTM Nonferrous Material Specifications (Cont’d)

Fittings
B361
B366

Factory-Made Wrought Aluminum and Aluminum-Alloy Welding Fittings
Factory-Made Wrought Nickel and Nickel Alloy Fittings

Plate, Shee

S
yana-otrp

B168 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) 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, Sheets~and Strip

B435 UNS N06002, UNS N06230, UNS N12160, and UNS R30556 Plate, Sheet, and Sfrip.

B443 Nickel-Chromium-Molybdenum-Columbium Alloy (UNS N06625) and Nickel-Chromium-Molybdenum-Silicon Alloly (UNS
N06219) Plate, Sheet, and Strip

B463 UNS N08020 Alloy Plate, Sheet, and Strip

B575 Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon Nickel-Chromium-Molybdenum-Copper, Low-Carbon Nickel-
Chromium-Molybdenum-Tantalum, and Low-Carbon Nickel-Chromium-Molybdenum-Tungsten Alloy Plate, Sheet, 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/B150M Aluminum Bronze Rod, Bar, and Shapes

B151/B151M Copper-Nickel-Zinc Alloy (Nickel Silvef) jand Copper-Nickel Rod and Bar

B166 Nickel-Chromium-Iron Alloys (UNS N06600, N06601, N06603, N06690, N06693, N06025, N06045, and N06696), Nickel-
Chromium-Cobalt-Molybdenum Alloy (UNS N06617), and Nickel-Iron-Chromium-Tungsten Alloy (UNS N06674) Rod,
Bar, and Wire

B221 Aluminum and Aluminum Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes

B348 Titanium and Titanium.Alloy Bars and Billets

B408 Nickel-Iron-Chromium Alloy Rod and Bar

B425 Ni-Fe-Cr-Mo;Cu, Alloy (UNS N08825, UNS N08221, and UNS N06845) Rod and Bar

B446 Nickel-Chromitim-Molybdenum-Columbium Alloy (UNS N06625), Nickel-Chromium-Molybdenum-Silicon Alloy [(UNS
N06214); and Nickel-Chromium-Molybdenum-Tungsten Alloy (UNS N06650) Rod and Bar

B473 UNSIN08020, UNS N08024, and UNS N08026 Nickel Alloy Bar and Wire

B572 UNS N06002, UNS N06230, UNS N12160, and UNS R30556 Rod

B574 Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon Nickel-Molybdenum-Chromium-Tantalum, Low-Carbpn
Nickel-Chromium-Molybdenum-Copper, and Low-Carbon Nickel-Chromium-Molybdenum-Tungsten Alloy Rogl

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 Alloy (UNS R20033) Bar and Wire, and Ni-Cr-Fe-Mo-N Alloy (UNS N08936) Wire

B691 Iron-Nickel-Chromium-Molybdenum Alloys (UNS N08366 and UNS N08367) Rod, Bar, and Wire

Solder

B32 Solder Metal

B828 Standard Practice for Making Capillary Joints by Soldering of Copper and Copper Alloy Tube and Fittings

ASTM Standard Test Methods
D323 Standard Test Method for Vapor Pressure of Petroleum Products (Reid Method)
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Table 126.1-1 Specifications and Standards (Cont’d)

Designator Title
ASTM Standard Test Methods (Cont’d)
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. [114 to 305-mm]) 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
D10.1 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 Othler 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 Compact Fittings, 3 in. Through 24 in. (76 mm Thteugh 610 mm) and 54 in. Through 64 in. (1,400 thm Through

1,600 mm), for Water Service
C200 Steel Water Pipe—6 in. (150 mm) and Larger
€207 Steel Pipe Flanges for Waterworks Service—Sizes¢4nin. Through 144 in. (100 mm Through 3,600 mm)
€208 Dimensions for Fabricated Steel Water Pipe Fittings
C300 Reinforced Concrete Pressure Pipe, Steel-Cylinder Type, for Water and Other Liquids (Includes Addenduny C300a-93)
C301 Prestressed Concrete Pressure Pipe, Steel-Cylinder Type, for Water and Other Liquids
C302 Reinforced Concrete Pressure Pipe,(Noncylinder Type, for Water and Other Liquids
C304 Design of Prestressed Concrete Cylinder Pipe
C500 Metal-Seated Gate Valves fornWater Supply Service
C504 [[Note (3)] Rubber Seated ButterflyiValves
C509 Resilient-Seated Gate Valves for Water Supply Service
€600 Installation of Ductile-Iron Water Mains and Their Appurtenances
C606 Grooved and(Shetldered 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 (3)] 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
SP-53 Quality Standard for Steel Castings and Forgings for Valves, Flanges, and Fittings and Other Piping Components —

Magnetic Particle Examination Method
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(20) Table 126.1-1 Specifications and Standards (Cont’d)
Designator Title
MSS Standard Practices (Cont’d)
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 of Surface Irregularities
SP-58 Pipe Hangers and Supports — Materials, Design, Manufacture, Selection, Application, and Installation
SP-61 Pressure Testing of Valves
SP-67 [Notq (3)] Butterfly Valves
SP-68 High Pressure Butterfly Valves with Offset Design
SP-75 High-Strength, Wrought, Butt-Welding Fittings
SP-79 Socket Welding Reducer Inserts
SP-80 Bronze Gate, Globe, Angle and Check Valves
SP-83 Class 3000 and 6000 Pipe Unions, Socket Welding and Threaded (Carbon Steel, Alloy Steel,"Stainless Steels, and|Nickel
Alloys)
SP-88 Diaphragm Valves
SP-93 Quality Standard for Steel Castings and Forgings for Valves, Flanges, and Fittings and Other Piping Components —|Liquid
Penetrant Examination Method
SP-94 Quality Standard for Ferritic and Martensitic Steel Castings for Valves, Flangesjand Fittings and Other Piping Comppnents
— Ultrasonic Examination Method
SP-95 Swage(d) Nipples and Bull Plugs
SP-97 Integrally Reinforced Forged Branch Outlet Fittings — Socket Welding, Threaded and Buttwelding Ends
SP-105 Instrument Valves for Code Applications
SP-106 Cast Copper Alloy Flanges and Flanged Fittings: Class 125,150, and 300
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, materials conforming to an ASME SA or ASME SB specification may be used interchangeably with material specifidd to an
ASTM A or ASTM B specification of the same number listed in this Table.
(c) Theapgroved year of issue of theispecifications and standards is not given in this Table. This information is given in Mandatory Appenflix F of
this Cogle.
(d) The addiresses and phone@umbers of organizations whose specifications and standards are listed in this Table are given at the|end of
Mandatory Appendix P
NOTES:
(1) ANSI B[18.22.1sis\honmetric.
(2) This stgndard requires testing of couplings with bending moments applied that are equivalent to support spacings shorter thar those
recommended in para. 121.5. Couplings should be tested with bending moments applied that correspond to support spacingg equal

to or greater than those to be used in the piping installation.
(3) See para. 107.1(d) for valve stem retention requirements.
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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 austeniticstructre.

(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 more electrochemically noble w¢ld metal,
where dissimilar materials are welded, or where it is
desired.to achieve a weld with different mechanical prop-
erties from 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 in (e) for aus-
tenitic 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.
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Figure 127.3-1 Butt Welding of Piping Components
With Internal Misalignment

0 A\

T— 1/46in. (1.5 mm) or less

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.

(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

'

Radiys = 0.05¢,,
Gredter than 1/;gin. (1.5 mm)

(20) 127.3 Prpparation for Welding

(a) End Preparation

(1) Qxygen or arc cutting is acceptable only if the cut
isreasonably smooth and true, and all slag is cleaned from
the flame [cut surfaces. Discoloration that may remain on
the flame [cut surface is not considered to be detrimental
oxidation|

(2) Butt-welding end preparation dimensions
contained in ASME B16.25 or dimensions of any othef:
end prepdration that meets the WPS are acceptable.

(3) I piping component ends are bored, such.boring
shall not result in finished wall thickness, afterswelding,
less than [the minimum design thickness. Where neces-
sary, weld metal of the appropriate analysismay be depos-
ited on the inside or outside of the piping component to
provide sufficient material for machining to ensure satis-
factory fitting of rings.

(4) Ifthe piping componéntends are upset, they may
be bored to allow for a conipletely recessed backing ring,
provided the remaining-nét thickness of the finished ends
is not lesg than the minimum design thickness.

(b) Clegining. Surfaces for welding shall be clean and
shall be frlee fromy\paint, oil, rust, scale, or other material
that is defrimental to welding.

(c) Alignment. The inside diameters of piping compo-

““““““““““““ 1 A1 5 yam) ooy fron o
approxtmatery—FAs 4= H-away—Hres—egntact
between the end of the pipe and the shouldér\ef the

socket (see Figures 127.4.4-2 and 127.4.4-3)\]1 sleeve-
type joints without internal shoulder, there shall be a
distance of approximately % in. (1.5 mm) between
the butting ends of the pipe or tube. The gap nedd not
be present or verified after welding

The fit between the socket anéithe pipe shall confqrm to
applicable standards for socketweld fittings and in np case
shall the inside diameter ef the socket or sleeve exceed the
outside diameter of thelpipe 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 and operators, is requiref and
shall comply with the requirements of para. 127.5

(b) No welding shall be done if there is impingemeent of
rain, snow, sleet, or high wind on the weld area.

(c) Tackwelds permitted to remain in the finished weld
shall be made by a qualified welder. Tack welds made by
an unqualified welder shall be removed. Tack welds that
remain shall be made with an electrode and WPS thatjis the
same as or equivalent to the electrode and WPS to bg¢ used
for the first pass. The stopping and starting ends shall be
prepared by grinding or other means so that they dan be
satisfactorily incorporated into the final weld. Tack welds
that have cracked shall be removed.

(d) Arc strikes outside the area of the intended| weld
should be avoided on any base metal. Arc strikes made
outside of the weld joint area shall be removeg and
the surface visually examined. The surface shall also be
examined by the liquid penetrant or magnetic pqrticle
method when the material is P-No. 4, P-No. 5A, |[P-No.
5B, or P-No. 15E.

nents to be butt welded shall be aligned as accurately as is
practicable within existing commercial tolerances on
diameters, wall thicknesses, and out-of-roundness. Align-
ment shall be preserved during welding. The internal
misalignment of the ends to be joined shall not exceed
Y6 in. (1.5 mm) unless the piping design specifically
states a different allowable misalignment.

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.

127.4.2 Girth Butt Welds

(a) Girth butt welds shall be complete penetration
welds and shall be made with a single vee, double vee,
or other suitable type of groove, with or without
backing rings or consumable inserts. The depth of the
weld measured between the inside surface of the weld
preparation and the outside surface of the pipe shall
not be less than the minimum thickness required by
Chapter II for the particular size and wall of pipe used.
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(b) To avoid abrupt transitions in the contour of the
finished weld, the requirements of (1) through (4)
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

tha cxrallay +0 tha
the—SharrefF—+to—+the—1af

be examined by radiography, a visual examination may be
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

This ¢ondition may be met by adding welding filler mate-
rial, if necessary, beyond what would otherwise be the
edge jof the weld.

?) When both components to be welded (other than
pipe tio pipe) have a transition from a thicker section to the
weld [end preparation, the included angle between the
surfage of the weld and the surface of either of the compo-
nentslshall notbeless than 150 deg. Refer to para. 119.3(b)
for additional concerns related to this design.

3) When welding pipe to pipe, the surface of the
shall, as a minimum, be flush with the outer
re of the pipe, except as permitted in (4).

4) For welds made without the addition of filler
meta|, concavity shall be limited to %, in. (0.8 mm)
below the outside surface of the pipe, but shall not
encrogach upon the minimum required thickness.

(c)| As-welded surfaces are permitted; however, the
surfare of welds shall be sufficiently free from coarse
ripplgs, grooves, overlaps, abrupt ridges, and valleys to
meet[the following:

7) The surface condition of the finished welds'shall
be suftable for the proper interpretation of radiggraphic
and gqther nondestructive examinations when nondes-
tructive examinations are required by Table 136.4.1-1.
In thgse cases where there is a question regarding the
surfage condition on the interpretation of a radiographic
film, the film shall be compared.to‘the actual weld surface
for interpretation and determination of acceptability.
?) Reinforcements-are/permitted in accordance
[able 127.4.2-1.

3) Undercut od the surface of girth butt welds shall
not exceed Y%, in, (0.8'mm) and shall not encroach on the
minirhum requiréd section thickness.

4) If the'sturface of the weld requires grinding to
meet [the@bove criteria, care shall be taken to avoid re-
ducinlg the weld or base material below the minimum

weld
surfa

with

pipe intended for sustained operation in_the creep
range (see paras. 104.1.1 and 123(4 and Table
102.4.7-1), any welding using the SAW.profess shall
use a flux with a basicity index = 1.0.

127.4.4 Fillet Welds. In making fillet welds} the weld
metal shall be deposited in‘such a way as fto secure
adequate penetration into<the base metal at the root of
the weld.

(a) Fillet welds mayvary from convex to comncave. The
size of a fillet weld is determined as ghown in
Figure 127.4.4-1

(b) Afilletweld, in any single continuous weld, may be
less than the'specified fillet weld dimension by not more
than %gin. (1.5 mm), provided that the total undersized
portionof the weld does not exceed 10% of the tptal length
of the weld or 2 in. (50 mm), whichever is legs.

(c) Typical minimum fillet weld details fopr slip-on
flanges and socket-welding components are|shown in
Figures 127.4.4-2 and 127.4.4-3.

127.4.5 Seal Welds. Where seal welding of threaded
joints is performed, threads shall be entirely covered
by the seal weld. Seal welding shall be done by qualified
welders.

127.4.8 Welded Branch Connections

(a) Welded branch connections shall be made with full
penetration welds, except as allowed in (f). Figures
127.4.8-1 through 127.4.8-3 show typical fdetails of
branch connections with and without added feinforce-
ment. No attempt has been made to show all acceptable
types of construction and the fact that a certdin type of
construction is illustrated does not indicate that it is rec-
ommended over other types not illustrated.

(b) Figure 127.4.8-4 shows basic types of w¢ld attach-
ments used in the fabrication of branch connedtions. The

required thickness.

(5) Concavity on the root side of a single welded
circumferential butt weld is permitted when the resulting
thickness ofthe weld is atleast equal to the thickness of the
thinner member of the two sections being joined and the
contour of the concavity is smooth without sharp edges.
The internal condition of the root surface of a girth weld,
which has been examined by radiography, is acceptable
only when there is a gradual change in the density, as indi-
cated in the radiograph. If a girth weld is not designated to

85

tocattomandmintmunrsizeof-these—=attachment welds
shall conform to the requirements of para. 127.4.8.
Welds shall be calculated in accordance with para.
104.3.1 but shall not be less than the sizes shown in
Figure 127.4.8-4.

(20)
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Figure 127.4.2-1 Welding End Transition — Maximum Envelope

1 .
fotm (min.) 11/t (min.)
Outside
| — Radius of at least 0.051,,
45 Heg max. / Radius not mandatory

30 deg max.

See Note (2)

Component or fitting

Radius of at least 0,051},

Insifle | 2ty (min,)

| Transition-region

GENERAL NOTES:
(a) The value of t,, is whichever of the following is applicable:
(1) as defined in para. 104.1.2(a)

(2) thelminimum ordered wall'thickness of the cylindrical welding end of a component or fitting (or the thinner of the two) when the

between tw components
(b) The maximum envelope is'defined by solid lines.

NOTES:
(1) Weld iy shown foruillustration only.

(2) The weld transition and weld reinforcement shall comply with paras. 127.4.2(b) and 127.4.2(c)(2) and may be outside the ma

envelope.
(3) The maximum-thickness-at-the-end-of-the-componentis

Minimum

Maximum — See Note (3)

—1.0t,

joint is

Kimum

(a) the greater of [t,, + 0.16 in. (4 mm)] or 1.15¢,, when ordered on a minimum wall basis
(b) the greater of [t,, + 0.16 in. (4 mm)] or 1.10¢t, when ordered on a nominal wall basis
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Table 127.4.2-1 Reinforcement of Girth and Longitudinal Butt Welds

Maximum Thickness of Reinforcement for Design Temperature

>750°F (400°C)

| <750°F (400°C)

Thickness of Base Metal,

in. (mm) in. mm in. mm
Up to % (3), incl. e 1.5 %2 2.5
Over % to %4 (3 to 5), incl. e 1.5 Y 3
Over ¥ to % (5 to 13), incl. Yie 15 a2 4
Over % to 1 (13 to 25), incl. %2 2.5 Y6 5
Over 1 to 2 (25 to 50), incl. Ve Yy 6
Over 2| (50) 2 See Note (1) See Netp (2)

GENERAL NOTES:

(a) Fdrdouble-sided groove welds, the limitation on reinforcement given above shall apply separately to both inside and obutside sulrfaces of the

joint.

(b) Fdrsingle-sided groove welds with backing strips or bars that remain in place, the limitation on reinforcement given above shalllapply to the
oytside surface. For single-sided groove welds without backing strips or bars that remain in place, the limits shallapply to the outpide surface;

thpy also apply to the inside surface when the inside surface is readily accessible.
(c) THe thickness of weld reinforcement shall be based on the thickness of the thinner of the materials¢being joined.
(d) THe weld reinforcement thicknesses shall be determined from the higher of the abutting surfaces-involved.

(e) WEId reinforcement may be removed if so desired.

NOTEY:

(1) THe greater of %, in. or % times the width of the weld in inches.
(2) THe greater of 6 mm or % times the width of the weld in millimeters.

Th¢ notations and symbols used in this paragraph and
Figurps 127.4.8-4 and 127.4.8-5 are as follows:

tl. = the smaller of ¥ in. (6 mm) or 0.7t,,
tmih = the smaller of ¢t or t,,

t,p = nominal thickness of branch wall, in. (mm)
t,h = nominal thickness of header wall, in. (mm)

t)} = nominal thickness of reinforcing element(ring
or saddle), in. (mm)

(c)|Figure 127.4.8-6 shows branch connections made
by w¢lding half couplings or adaptersidirectly to the run
pipe.

Figlire 127.4.8-5 shows branch cennections using speci-
fically reinforced branch outletfittings welded directly to
the rpn pipe. These branch’ connection fittings, half
couplings, or adapters, Which abut the outside surface
of the run wall or afe-inserted through an opening cut
in th¢ run wall, shall have opening and branch contour
to prpvide a goed fit and shall be attached by means
of full penetration groove welds except as otherwise
permjtted-in- (f).

The full'penetration groove welds shall be finished with

sion notless than ¢t,; the weld at the outer edge, joining the
added reinforcementto the run, shall be a fillet weld with a
minimum throat dimension of 0.5¢,,.
(2) Iftheweldjoiningthe added reinforcementto the
branch is a fillet weld, the throat dimension shall not be
less than 0.7¢,;,- The weld at the outer edge jpining the
outer reinforcement to the run shall also be a fillet weld
with a minimum throat dimension of 0.5¢,,.
(e) When rings or saddles are used, a vent hdle shall be
provided (at the side and not at the crotch) in the ring or
saddle to reveal leakage in the weld between the branch
and main run and to provide venting during w¢lding and
heat treating operations. Rings or saddles may e made in
more than one piece if the joints between the pjeces have
strength equivalent to the ring or saddle parent[metal and
if each piece has a vent hole. A good fit shall bg provided
between reinforcing rings or saddles and thg¢ parts to
which they are attached.
(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

cover fillet welds and meet the requirements of para. 104.
The cover fillet welds shall have a minimum throat dimen-
sion notless than that shown in Figure 127.4.8-5 or Figure
127.4.8-6, as applicable.

(d) In branch connections having reinforcement pads
or saddles, the reinforcement shall be attached by welds at
the outer edge and at the branch periphery as follows:

(1) Iftheweldjoiningthe added reinforcementto the
branch isa full penetration groove weld, it shall be finished
with a cover fillet weld having a minimum throat dimen-

minimum throat dimension not Iess than that shown
in Figure 127.4.8-7. This construction shall not be used
at design temperatures greater than 750°F (400°C) nor
at design pressures greater than 1,025 psi (7075 kPa).

127.4.9 Attachment Welds

(a) Structural attachments may be made by complete
penetration, partial penetration, or fillet welds.

(20)
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Figure 127.4.4-1 Fillet Weld Size

Size of
weld

!
N

Theoretical throat

Size of

(a) Convex Equal Leg
Fillet Weld

j_

Leg
I(ingth

N

~

Leg
length

(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.

S *
‘».“{‘ Theoretical throat —JQ<

weld

(b) Concave Equal Leg
Fillet Weld

—&—
Leg

length

Leg ‘.‘ {
" length

(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.

(b) Low-energy capaciter\discharge welding may be
used for welding tempordry-attachments (e.g., thermocou-
ples) and [permanentaonstructural attachments without
preheat above 50%F,(10°C) or subsequent postweld heat
treatment on R=Ne¥'1 through P-No. 5B and P-No. 15E
materialg, previded that the following requirements
are met:

(4) Permanent thermocouple or strain gage aftach-
ments or the surface from which temporary attachiments
are removed shall require visual examination byt are
exempt from further examination in accordance with
para. 136.4, whether or not the location was subjected
to postweld heat treatment.

(1) A Welding Procedure Specification is prepared,
describing the low-energy capacitor discharge equipment,
the combination of materials to be joined, and the tech-
nique of application; qualification of the welding proce-
dure is not required.

(2) The energy output of the welding process is
limited to 125 J.

(3) For P-No. 54, P-No. 5B, and P-No. 15E materials,
the maximum carbon content of the material is 0.15%.

127410 Heat Freatment-—Preheatandpostwekd heat
treatment for welds shall be in accordance with para. 131
or para. 132 as applicable except as exempted in para.
127.4.9. Alternatively, the rules in ASME B31P may be
used in entirety.

127.4.11 Repair Welding

(a) Defect Removal. All defects in welds or base mate-
rials requiring repair shall be removed by flame or arc
gouging, grinding, chipping, or machining. Preheating

(20)
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Figure 127.4.4-2 Welding Details for Slip-On and Socket-Welding Flanges;
Some Acceptable Types of Flange Attachment Welds

> = I :

I% /Ik I 1
X\ ) |~
- Approximately ;g .
1
tn or Yy in. (6 mm), (1.5 mm) before welding
whichever is smaller

(a) Front and Back Weld (b) Face and Back Weld (c) Socket Welding Flange
[See Notes (1) and (2)] [See Notes (1) and (2)] [See Notes|{2) and (3)]
Legend:
t,| = nominal pipe wall thickness
Xmin] = 1.4t, or thickness of the hub, whichever is smaller
NOTEY:

(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.

(20) Figurp127.4.4-3 Minimum Welding Dimensions Required Figure 127.4.8-1 Typical Welded Branch Copnection
for $ocket Welding Components Other Than Flanges Without Additional Reinforcement

t, = nominal pipe wall thickness

Cx '%—
C, (min.) = 1.09t,, or the thickness

of the socket wall,
whichever is smaller

Approximately /g in. (1.5 mm)
_[ before.welding

- |

N

‘x‘*‘ Figure 127.4.8-2 Typical Welded Branch Connection
With Additional Reinforcement

I
| Vent hole
b

|
)
i

may be required for flame or arc gouging on certain alloy
materials of the air-hardening type 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.

(b) Repair Welds. Repair welds shall be made in accor-
dance with a WPS using qualified welders or welding
operators (see para. 127.5), recognizing that the cavity

N

89
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Figure 127.4.8-3 Typical Welded Angular Branch Connection Without Additional Reinforcement

to be repdir welded may differ in contour and dimension
from a nofmal joint preparation and may present different
restraint ronditions. The types, extent, and methods of
examinaftion shall be in accordance with Table
136.4.1-1{For repairs to welds, the minimum examination
shall be the same method that revealed the defect in the
original weld. For repairs to base material, the minimum
examination shall be the same as required for butt welds.

127.5 Qualification

127.5.1| General. Qualification of the WPS to be used,
and of the|performance of welders and welding operators,
is requirgd and shall comply with the requirements ‘of
ASME BPYC, Section IX, except as modified herein,

Certainmaterials listed in Mandatory Appendix-Ado not
appear il ASME BPVC, Section IX P-Number-groups.
Where thpse materials have been assigned\P-Numbers
in Mandafory Appendix A, they may be'welded under
this Code for nonboiler external piping only without sepa-
rate qualification as if they were(listed in ASME BPVC,
Section [X.

127.5.2| Welding Responsibility. Each employer (see
para. 100.2) shall be ©esponsible for the welding
performedl by his/her brganization and the performance
of welders or welding.operators employed by that organ-
ization.

127.5.3| Qualification Responsibility

(3) if the user of the WPS'has qualified at leagt one
welder using the WPS
(4) if the user of the"WPS assumes specific respon-
sibility for the procédure qualification work done foithim/
her by signing the,records required by para. 127.¢
All of the_cenditions in (1) through (4) shall bg met
before a WPS thus qualified may be used.
(b) Welders and Welding Operators. Each emgloyer
shall bé-responsible for qualifying all the welders and
welding operators employed by him/her.
However, to avoid duplication of effort, he/sh¢ may
accept a Welder/Welding Operator Performance Qpalifi-
cation (WPQ) made by a previous employer (subjectfto the
approval of the owner or his/her agent) on piping|using
the same or an equivalent procedure wherein the essential
variables are within the limits established in ASME BPVC,
Section IX. An employer accepting such qualificatior] tests
by a previous employer shall obtain a copy of the onjiginal
WPQ, showing the name of the employer by whom the
welders or welding operators were qualified, the [dates
of such qualification, and evidence that the welder or
welding operator has maintained qualification in gccor-
dance with ASME BPV(, Section IX, QW-322. The eviflence
of process usage to maintain continuity may be obtained
from employers other than the original qualifying
employer. The employer shall then prepare and sign
therecord required in para. 127.6 accepting responsjbility
for the ability of the welder or welding operator.

(a) Procedures. Each employer shall be responsible for
qualifying any WPS that he/she intends to have used by
personnel of his/her organization. However, to avoid
duplication of effort, and subject to approval of the
owner, a WPS qualified by a technically competent
group or agency 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

12754 Standard-WetdingProcedure-Specifications.
Standard Welding Procedure Specifications published
by the American Welding Society and listed in ASME
BPVC, Section IX, Mandatory Appendix E are permitted
for Code construction within the limitations established

by ASME BPVC(, Section IX, Article V.
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Figure 127.4.8-4 Some Acceptable Types
of Welded Branch Attachment Details Showing
Minimum Acceptable Welds

o |

77

12 N

127.6 Welding Records

The employer shall maintain a record (WPS and/or
WPQ) signed by him/her, and available to the purchaser
or his/her agent and the inspector, of the WPSs used and
the welders and/or welding operators employed by him/
her, showing the date and results of procedure and perfor-

mance qualification.

The WPQ shall also show the identification symbol

assigned to the welder or welding operator

employed

J{/ANE]

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 appli-

cation of the symbol on the weld joint in"a manner speci-

fied by the employer. Alternativély, the empl

maintain records that identify welds mad

welder or welding operator,

128 BRAZING AND ‘SOLDERING

128.1 General

128.1.1 [The brazing processes that are t
under this part of the Code shall meet all the te
ments 6f ASME BPVC, Section IX.

pyer shall
e by the

b be used
t require-

128:1.2 Soldering. Solderers shall follow the proce-
dure in ASTM B828, Standard Practice for Malting Capil-
lary Joints by Soldering of Copper and Copper Alloy Tube

and Fittings.

128.2 Materials
128.2.1 Filler Metal. The brazing alloy or s

Ider shall

melt and flow freely within the specified or desired

temperature range and, in conjunction with
flux or controlled atmosphere, shall wet and
the surfaces to be joined.

128.2.2 Flux. A flux thatis fluid and chemical
brazing or soldering temperature shall be used
essary to eliminate oxidation of the filler met

h suitable
adhere to

y active at
Wwhen nec-
hl and the

surfaces to be joined, and to promote free flow of the
brazing alloy or solder.

128.3 Preparation

128.3.1 Surface Preparation. The surfaces tolbe brazed

or soldered shall be clean and free from grease, oxides,

N
(d)
topy—>| |«
7S |
0.5 \
N\ tr ! 0.7t min
tnh >/
#LN N
%1, '
(e)

GENERAL NOTE: Weld dimensions may be larger than the minimum
values shown here.
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paing, scale, dirt, or other material that 15 detrimental
to brazing. A suitable chemical or mechanical cleaning
method shall be used if necessary to provide a clean
wettable surface.

128.3.2 Joint Clearance. The clearance between
surfaces to be joined by brazing or soldering shall be
no larger than is necessary to allow complete capillary
distribution of the brazing alloy or solder.
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Figure 127.4.8-5 Some Acceptable Details for Integrally Reinforced Outlet Fittings
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Figure 127.4.8-5 Some Acceptable Details for Integrally Reinforced Outlet Fittings (Cont’d)

GENERAL NOTES:

(a)
(®)

Welds shall be in accordance with para. 127.4.8(c).
Weld attachment details for branch fittings that do not match the schedule or weight designation of the run pipe as defined by MSS SP-97,

Table 1 shall be designed to meet the requirements in paras. 104.3.1 and 104.7.2.

(@
sh

ould be obtained from the fitting manufacturer.

NOTES:

The stress intensification factors as required by paras. 104.8 and 119.7.3, for the fittings represented by drawings (b-1), (b-2), (c-1), and (c-2),

bevel on the

(1) w,
brj
(2) TH
le
tr
(3) Cd
(4) tn)
tnj
w

Figur

e

enthe ﬁ'HingmnnuFﬂrhlrnrhnc not prr\vir]nr‘ avisiblescribelinegnthebranch ﬁ'fh’ng’ theweldlineshallbethe nr]gn ofthe first
anch fitting adjacent to the run pipe.

e minimum cover weld throat thickness, t, applies when the angle between the branch fitting groove weld face and the.fun.pi
sthan 135 deg. For areas where the angle between the groove weld face and the run pipe surface is 135 deg or greater, the cov]
nsition to nothing.
ver weld shall provide a smooth transition to the run pipe.

shall be measured at the plane that passes through the longitudinal centerline of the run pipe and the centerline of the branch f
in the crotch area does not equal ¢, in the heel area, the thicker of the two shall govern in determining thieheat treatment in
th para. 132.4, and in determining the nondestructive examination in accordance with Table 136,4.1-1.

e 127.4.8-6 Typical Full Penetration Weld Branch Connections for NPS3)(DN 80) and Smaller Half
or Adapters

Socket-welding or Socket-welding

— Per WPS \\ Bore after welding

(a) Branch Connection Using ASME B16.11 (b) Branch Connection Using Forged Steel Socket-W

pbe surface is
er weld may

tting. When
accordance

Couplings (20)

=

/ threaded half coupling / threaded adapger
. Z — . 7 — Full pen¢tration
Cover fillet weld = Full penetration Cover fillet = groové weld
— groove weld —
h. (5 mm) min. l % / Weld—\
Header ar.fun pipe :
| /_ Header of run
! pipe
3/16 in. (5 mm) min.
AN

blding or

Forged Steel Socket-Welding or Threaded Adapter for Pressure and Temperature Conhditions
Threaded Half Coupling [See Note (1)] Greater Than Permitted for ASME B16.11 Forged Stee¢l Fittings
NOTE:| (1) Refer to para.104.3.1(c)(2) for branch connections not requiring reinforcement calculations.
128.4 Procedure 128.4.2 Heatmg. To mlnlmllze oxidation, theljoint shall
be brought to brazing or soldering temperature jn as short
12§ i i i i g or over-
(a) Qualification of the brazing procedures to be used ~ heating.
and of the performance of the brazer and brazing opera- 128.4.3 Flux Removal. Residual flux shall be removed
torsis required and shall comply with the requirementsof  if detrimental.
para. 128.5.
(b) No brazing shall be done if there is impingementof ~ 128.5 Brazing Qualification

rain, snow, sleet, or high wind on the area to be brazed.

128.5.1 General. The qualification of the brazing
procedure and of the performance of brazers and
brazing operators shall be in accordance with the
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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

—

—
—
—_—

Cover fillet weld—\

Partial penetration
groove weld

Header or run pipe

316 IN. (5 mm) min. )’

%,/
/

requireménts of ASME BPVC, Section IX, Part QB, except as
modified herein.

128.5.2 Brazing Responsibility. Each employer (see
para. 10p.2) shall be responsible for the brazing
performedl by his/her organization and the performance
of brazerd or brazing operators employed by that organ-
ization.

128.5.3| Qualification Responsibility

(a) Progedures. Each employer shall be responsible for;
qualifyingany Brazing Procedure Specification (BPS) that
he/she infends to have used by personnel of his/her or-
ganization. However, to avoid duplication of.effort, and
subject tojapproval of the owner, a BPS qualified by a tech-
nically competent group or agency may be used

(1) if the group or agency qualifying the procedures
meets all pf the procedure qualification requirements of
this Code

(2) ifthe fabricator accepts'the procedure thus qual-
ified

(3) if the user of the,procedure has qualified at least
one brazdr using the-BPS

(4) if the uset of the procedure assumes specific
responsibility for the procedure qualification work
done by him/Her by signing the records required by

~

~—t,, [see para. 104.3.1(c)(2)]

variables are within the limits established in ASME BPVC,
Section IX. An employer accepting such qualificatior] tests
by a previous employer shall obtain a copy (from the
previous employer) of the BPQ, showing the name of
the empleyer by whom the brazers or brazing operators
were qualified, the dates of such qualification, and thg date
the brazer last brazed pressure piping components finder
such qualification. The employer shall then prepare and
sign the record required in para. 128.6 accepting respon-
sibility for the ability of the brazer or brazing operator.

128.6 Brazing Records

The employer shall maintain a record signed by| him/
her and available to the purchaser or his/her agentand the
inspector, showing the date and results of proceduie and
performance qualification.

The BPQ shall also show the identification symbol
assigned to the brazer or brazing operator employed
by him/her, and the employer shall use this symbol to
identify the brazing performed by the brazpr or
brazing operator. This may be accomplished by the pppli-
cation of the symbol on the braze joint in a manner ppeci-
fied by the employer. Alternatively, the employer| shall
maintain records that identify braze joints made by the
brazer or brazing operator.

para. 1286

All of the conditions in (1) through (4) shall be met
before a procedure thus qualified may be used.

(b) Brazers and Brazing Operators. Each employer shall
be responsible for qualifying all the brazers and brazing
operators employed by him/her.

However, to avoid duplication of effort, he/she may
accept a Brazer/Brazing Operator Performance Qualifica-
tion (BPQ) made by a previous employer (subject to the
approval of the owner or his/her agent) on piping using
the same or an equivalent procedure wherein the essential

94

129 BENDING AND FORMING

129.1 Bending

Pipe may be bent by any hot or cold method and to any
radius that will resultin a bend surface free of cracks. Such
bends shall meet the design requirements of para. 102.4.5
with regard to minimum wall thickness. Where limits on
flattening and buckling are not specified by design, as deli-
neated in para. 104.2.1, manufacturing limits of PFI ES-24
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Table 129.3.1-1 Approximate Lower Critical

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
0f 0.75in. (19.0 mm) unless the bending or forming opera-
tions are performed and completed at temperatures of
1,650°F (900°C) or greater.

129.3.3 A postforming or postbending heat treatment
as defined below is required for all ferritic alloy steel

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-YMe—P-Ne—4—Group-Neo—1} 13757453
1Y,cr{%Mo (P-No. 4, Group No. 1) 1,430 (775)
2%,Cr41Mo, 3Cr-1Mo (P-No. 5A) 1,480 (805)
5Cr-"4Mo (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 yalues obtained for the specific material in lieu of these values.
shall be met. When defaulting to PFI ES-24, mutual agree-

mentpetween purchaser and fabricator beyond the stated
manyfacturing limits shall not be allowed without the
appraval of the designer.

The¢ use of bends designed as creased or corrugated is
not pfrohibited.

129.2

Pipiing components may be formed (swedging, lapping,
or uppetting of pipe ends, extrusion of necks, etc.) by-any
suitaple hot or cold working method, provided such
procgsses result in formed surfaces thatare uniform
and free of cracks or other defects, as determined by
the nfethod of inspection specified in.the design.

Forming

Heat Treatment of Bends and Formed
Components

129.3

The processes and témperature control methods
described in ASME B3dR‘are recommended in addition
to any required heatdreatment.

129.3.1 Except-for creep strength enhanced ferritic
steelp (P-Nex(¥5E), hot bending or hot forming is
performed at a temperature equal to or above T¢pi —
100°K (56°C), where T is the lower critical temperature

(excluding P-No. 1 and P-No. 15E) materigls with a
nominal pipe size 4 in. (DN 100) and larger [or with a
nominal thickness of 0.50 in. (12.7 mm).or grjeater.

(a) If hot bending or hot forming is"performed, the
material shall receive a full anneéal; normalization and
temper, or tempering heat treatment as spegcified by
the designer.

(b) 1f cold bending or caldforming is performed, a heat
treatment is required @t,the time and temperature cycle
listed for the material~in Table 132.1.1-1.

129.3.3.1 ,Creep strength enhanced ferriti¢ steels (P-

No. 15E) subject to forming or bending sha]l be heat
treated i accordance with the following rules. When
the material is cold formed or cold bent, colfl forming
strains shall be calculated in accordapce with
patd:r 129.3.4.1 or para. 129.3.4.2.
(a) If hot bending or hot forming is performe¢d, and for
all cold swages, flares, or upsets, normal]zing and
tempering of the material is required in adcordance
with the requirements in the base material spdcification.
(b) If cold bending or cold forming is perfdrmed, the
material shallbe heattreated aslisted in Table 129.3.3.1-1.

129.3.3.2 For materials with less than or equal to 5%
strain or design temperatures less than 1,000°F (540°C),
heat treatment is neither required nor prohibjited.

atment of
erformed
4.6.

129.3.4 Postbending or postforming heat tr¢
austenitic materials and nickel alloys shall be j
as described in paras. 129.3.4.1 through 129.3

129.3.4.1 Cold-formed areas of componepts manu-
factured of austenitic materials and nickel alloys shall be
heat treated after forming if they exceed both the design
temperatures and forming strains shown in
Table 129.3.4.1-1. Forming strains shall be ¢alculated
as follows:
{a) For cylinders formed from plate

of the matertat-Cotdbendimgorcotd forming s performed
at a temperature below T¢.j - 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
cold forming is performed at a temperature below
1,300°F (705°C).

95

% 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
% strain = 1007,7/R

where
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Table 129.3.3.1-1 Post-Cold-Forming Strain Limits and Heat Treatment Requirements for Creep Strength Enhanced
Ferritic Steels

Limitations Required Heat
Limitations in Lower Temperature Range in Higher Temperature Range Treatment
: When Design
For Design Temperature :
g B fL h TFor Design Temperature
ut Less Than emperature :
Exceedin, or Equal to Exclzzedin and Forming
UNS g q And Forming g And Forming Strain Limits
Grade Number  °F °C °F °C  Strains °F °C Strains Are Exceeded
91 K90901 1,000 540 1,115 600 >25% 1,115 600 >20% Normalize and temper
[Note (1)]
1,000 540 1,115 600 >5% to <25% 1,115 600 >5% to <20%  Postbend heatitreqtment

[Notes~(2)) (3), jand
4]

GENERAL NOTE: The limits shown are for pipe and tube formed from plates, spherical or dished heads formed from plate,and tube aijd pipe

bends. The forming strain limits tabulated in this Table shall be divided by two if para. 129.3.4.2 is applied.

NOTES:

ormaljzation and tempering shall be performed in accordance wi e requirements in the base material specification, and shall{not be
1) N ljzati d tempering shall be perfi di d ith the requi ts in the b terial specificati d shalllnot b
performed locally. The material shall either be heat treated in its entirety, or the cold-strained area (including the transition to the unsfrained

portion) shall be cut away from the balance of the tube or component and heat treated separately-or replaced.

(2) Postber
Alterna
(3) Format
ifaport

fively, a normalization and temper in accordance with the requirements in the base material specification may be perfo
erials with greater than 5% strain butless than or equal to 25% strain, with design temperatures less than or equal to 1,115°F (4
ion of the component is heated above the heat treatment temperature allowed aboye,one of the following actions shall be perfi

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 mirfimum.

med.
00°0C),
rmed:

(a) The component in its entirety must be renormalized and tempered.

(b) Fpr BEP piping only, the allowable stress shall be that for Grade 9 material (i.e.,, ASME SA-213 T9, ASME SA-335 P9, or equivalent groduct
specificption) at the design temperature, provided that the portion of the componentithat was heated to a temperature exceeding the maximum
holdingtemperature is subjected to a final heat treatment within the temperature rfahge and for the time required in Note (2) above. The us¢ of this

provisign shall be noted on the Manufacturer’s Data Report.

(4) If alongitudinal weld is made to a portion of the material that is cold strained, that portion shall be normalized and tempered priqr to or

following welding. This normalizing and tempering shall not be perférmed locally.

R = centerline radius of bend
Rf = mean radius after forming
R, = driginal mean radius (equal to infinity*for a flat
late)
r,a = nominal outside radius of pipe or‘tube
t, = nominal thickness of the plate, pipe, or tube

efore forming

129.3.4.2 When formingstrains cannotbe calculated
as shown |in para. 129.3.4<Ixthe manufacturer shall have
the respopnsibility to determine the maximum forming
strain.

129.3.4.3 For'flares, swages, or upsets, heat treat-
ment in accotdance with Table 129.3.4.1-1 shall apply,
regardless of the amount of strain, unless the finishing

129.3.4.5 The piping components being heat trfeated
shall be held at the temperatures givgn in
Table 129.3.4.1-1 for 20 min/in. (20 min/25 mm) of thick-
ness, or for 10 min, whichever is greater.

129.3.4.6 Postbending or postforming heat freat-
ment of materials not identified in Table 129.3.4.11-1 is
neither required nor prohibited. If a postbending or|post-
forming heat treatment is to be performed, the degigner
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% or any hot
bending of this material, the full length of the comppnent
shall be heat treated in accordance with the requirefnents
specified in the material specification.

forming temperature is equal to or greater than the
minimum heat treatment temperature for a given
grade or UNS number material, provided the require-
ments of para. 129.3.4.5 are met.

129.3.4.4 Heat treatment, in accordance with
Table 129.3.4.1-1, shall not be required if the finishing
forming temperature is equal to or greater than the
minimum heat treatment temperature for a given
grade or UNS number material, provided the require-
ments of para. 129.3.4.5 are met.

129.3.6 Postbending or postforming heat treatment of
other materials is neither required nor prohibited. If a
postbending or postforming heat treatment is to be
performed, the designer shall fully describe the procedure
to be used.
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Table 129.3.4.1-1 Post-Cold-Forming Strain Limits and Heat Treatment Requirements for Austenitic Materials

and Nickel Alloys

Limitations in Lower Temperature Range

For Design Temperature

Limitations in Higher
Temperature Range

Minimum Heat
Treatment
Temperature When
Design Temperature

And For Design And and Forming Strain
) But Less Than Forming Tempera.ture Forming Limits Are Exceeded
UNS Exceeding or Equal to Strains Exceeding Strains [Notes (1) and (2)]

Grade Number °F °C °F °C Exceeding °F °C Exceeding °F °C
304 S30400 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040
304H S30409 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040
304N S30451 1,075 580 1,250 675 15% 1,250 675 10% 1,900 1040
309S S30908 1,075 580 1,250 675 20% 1,250 675 10% 2,000 1095
310H S31009 1,075 580 1,250 675 20% 1,250 675 10% 2,000 1095
310S $31008 1,075 580 1,250 675 20% 1,250 675 10% 2,000 1095
316 $31600 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040
316H $31609 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040
316N S31651 1,075 580 1,250 675 15% 1,250 675 10% 1,900 1040
321 S$32100 1,000 540 1,250 675 15% [Note (3)] 1,250 675 10% 1,900 1040
321H $32109 1,000 540 1,250 675 15% [Note (3)] 1,250 675 10% 2,000 1095
347 S34700 1,000 540 1,250 675 15% 1,250 675 10% 1,900 1040
347H S34709 1,000 540 1,250 675 15% 1,250 675 10% 2,000 1095
348 $34800 1,000 540 1,250 675 15% 1,250 675 10% 1,900 1040
348H S34809 1,000 540 1,250 675 15% 1,250 675 10% 2,000 1095
600 N06600 1,075 580 1,200 650 20% 1,200 650 10% 1,900 1040
617 N06617 1,200 650 1,400 760 15% 1,400 760 10% 2,100 1150
690 N06690 1,075 580 1,200 650 20% 1,200 650 10% 1,900 1040
800 N08800 1,100 595 1,250 675 15% 1,250 675 10% 1,800 980
800H N08810 1,100 595 15250 675 15% 1,250 675 10% 2,050 1120

$30815 1,075 580 1,250 675 15% 1,250 675 10% 1,920 1050

N06022 1,075 580 1,250 675 15% 2,050 1120
GENERAL NOTE: The limits shown-are for pipe and tube formed from plates, spherical or dished heads formed from plate, and pipe and tube
bends.[When the forming strainis/Cannot be calculated as shown in para. 129.3.4.1, the forming strain limits shall be half those tabylated in this
Table [see para. 129.3.4.2).
NOTEY:
(1) R4te of cooling:from heat treatment temperature not subject to specific control limits.
(2) While minimdprheat treatment temperatures are specified, itis recommended that the heat treatment temperature range be limited to 150°F

(8p°C) above that minimum and 250°F (140°C) for Grades 347, 347H, 348, and 348H.

(3) Fgr simple bends of tubes or pipes whose outside diameter is less than 3.5 in. (89 mm), this limit is 20%.
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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,
Section IX.

(b) Thermocouples may be temporarily attached
directly to pressure-containing parts using the low-
energy capacitor discharge method of welding in accor-
dance with the requirements of para. 127.4.9(b).

131.4 Preheat Temperature

131.4.1 The minimum preheat temperature shall be as
stated in Table 131.4.1-1.

Special

131.4.2 Highpr minimum prr—\hpnf temperatures may
. b ired by the WPS or by the desi s
130.2 Alkernate Pipe Supports ¢ required by the or by the designer
hangers, supports, anchors, and guides, not ~ 131.6 Interruption of Welding
defined gs standard types of hanger components in 131.6.1 Interruption of Welding: After weld

MSS SP-5B, shall be welded in accordance with the re-
quirements of para. 127 (para. 132 is not applicable
except as required by the weld procedure used) and
inspected|in accordance with the requirements of para.
136.4.2.

130.3 Pi

Welds gttaching hangers, supports, guides, and anchors
to the piping system shall conform to the requirements of
Chapters VV and VI of this Code.

be Support Welds

131 WELDING PREHEAT

131.1 Mipimum Preheat Requirements

The prdheat requirements listed herein are mandatory
minimum|values.

The bage metal temperature for the parts to be welded
shall be atlor above the minimum temperature spécified in
Table 131{4.1-1 in all directions from the point of welding
for adistapce of the larger of 3 in. (75 mm) er\L.5 times the
greater ngminal thickness (as defined in para. 132.4.3).

The base metal temperature for tackwelds shall be at or
above the|specified minimum temperature for a distance
notless than 1 in. (25 mm) in all directions from the point
of welding.

ASME Bj31P may be usedias an alternative in accordance
with paraf 127.4.10.

131.2 Different.P=-Number Materials

When welding two different P-Number materials, the
minimum preheat temperature required shall be the

commencement, the interruption of preheat is digcour-
aged prior to weld completion. Thé minimum prgheat
temperature shall be maintaified until any required
PWHT is performed on P-Nos® 3, 4, 5A, 5B, 6, and 15E,
except when all of the follewing conditions are satisfied:
(a) A minimum of atleast % in. (10 mm) thicknpss of
weld is deposited or 25% of the welding groove is [filled,
whichever is 1eSs)(the weldment shall be sufficlently
supported to prevent overstressing the weld if the weld-
ment is to-be moved or otherwise loaded). Cautjon is
advised that the surface condition prior to cdoling
should.be smooth and free of sharp discontinuities.
(b)For P-Nos. 3, 4, and 5A materials (with a chromium
eontent of 3.0% maximum), the weld is allowed t¢ cool
slowly to room temperature.
(c) ForP-No.5B (with achromium content greatef than
3.0%), P-No. 6, and P-No. 15E materials, the wgld is
subjected to a postweld hydrogen bakeout at 50Q°F to
750°F (260°C to 400°C) for 1 hr/in. (25 mm) of depgsited
weld thickness and an adequate intermediate heat [treat-
ment with a controlled rate of cooling and is maintained in
a dry environment. The preheat temperature mpy be
reduced to 200°F (95°C) (minimum) for root examigation
without performing a postweld hydrogen bakeout
(d) After cooling and before welding is resumed, yisual
examination of the weld shall be performed to ensure that
no cracks have formed.
(e) Required preheat shall be applied before weld
resumed.

ingis

131.6.2 Completion of Welding. After weld completion
and prior to PWHT, P-Nos. 5B, 6, and 15E shall satisffy the

higher temperature for the material to be welded as
shown in Table 131.4.1-1.

131.3 Preheat Temperature Verification

(a) The preheattemperature shall be checked by use of
temperature-indicating crayons, thermocouple pyrom-
eters, or other suitable methods to ensure that the
required preheat temperature is obtained prior to, and
uniformly maintained during, the welding operation.
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funuwiug LUllditiUllb.
(a) The weld shall undergo a postweld hydrogen
bakeout at 500°F to 750°F (260°C to 400°C) for 1 hr/
in. (25 mm) of deposited weld thickness with a controlled
rate of cooling and be maintained in a dry environment.
Postweld hydrogen bakeout for P-No. 5B or P-No. 15E
materials may be omitted entirely when the following
condition applies:
(1) use of low-hydrogen electrodes and filler metals
classified by the filler metal specification with an optional
supplemental diffusible hydrogen designator of H4 or

(20)

(20)
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Table 131.4.1-1 Preheat Temperatures

ASME B31.1-2020

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 <Y <13 SMTS < 65 ksi (450 MPa) 50 10
Cr < %% >y, >13  SMTS < 65 ksi (450 MPa) 200 95
All All SMTS > 65 ksi (450 MPa) 200 95
4 Alloy steel All All None 250 120
%% < Cr < 2%
5A Alloy steel All All SMTS < 60 ksi (414 MPa) 300 150
SMTS > 60 ksi (414 MPa) 400 205
5B Alloy steel All All SMTS < 60 ksi (414 MPa) 300 150
All All SMTS > 60 ksi (414 MP4d) 400 205
>Y, >13 %Cr > 6.0 [Note (2)] 400 205
6 Martensitic All All None 400 205
stainless steel [Note (3)] [Npte (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)] [Njote (4)]
15E 9Cr-1Mo-V CSEF All All None 400 205
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).

lowel (H5 designatiomon SAW flux) and suitably
contrplled by maintéparice procedures to avoid contam-
inatidn by hydrogen-producing sources. The surface of the
base metal prepared for welding shall be free of contami-
nants| The folowing additional exemptions shall apply:
(-a)~GTAW welds with a thickness of % in. (13
mm)|o¥tess that are wrapped in insulation and

(-c) upon weld completion, preheat i$ reduced
below the approximate martensite finish (Mf)| tempera-
ture [see (b)], followed by prompt PWHT |per para.
132. A written procedure shall be provided to the
owner or his/her agent detailing the process us¢d to mini-
mize hydrogen exposure and the time below 200°F (95°C)
prior to initiating the PWHT heating cycle.

allowed to cool slowly to the ambient temperature
after completion. Filler metal need not meet the H4 or
lower diffusible hydrogen requirements of (1).

(-b) multiprocess welds incorporating a GTAW
root and one or more hot passes not meeting the H4
or lower diffusible hydrogen requirements of (1),
when the remaining processes meet or exceed the elec-
trode and fill metal requirements of (1).
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(b) P-No.15E materials are required to be cooled below
the approximate martensite finish (Mf) temperature of the
filler metals before PWHT is initiated. Approximate Mf
temperatures are as follows:

(1) P-No. 15E filler metal Ni + Mn < 1.2% = 375°F
(190°C)

(2) P-No. 15E filler metal Ni + Mn > 1.2% = 200°F
(95°Q)
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132 POSTWELD HEAT TREATMENT maximum temperature acceptable for the pressure-
retaining part.

(c) When one of the parts in a joint is exempt from
PWHT, the time and temperature shall be that of the
part requiring PWHT. For a weld to be exempt, each
part must satisfy the exemptions in para. 132.3 and
the notes applicable to its respective P-Number and

132.1 Minimum PWHT Requirements

132.1.1 Before applying the detailed requirements and
exemptions in these paragraphs, satisfactory qualification
of the WPS to be used shall be performed in accordance
with the essential variables of ASME BPVC, Section IX,
. . o Group number.
including the conditions of postweld heat treatment or (d) When a nonpressure part is welded to a pressure
lack of postweld heat treatment and including other onpress part P

- h—pa-FEaﬁd—IlWH:f—lﬁ—Feqiﬁeé—fePeﬁhePpaﬂ—the—ma* - - 5 imum
restrictions listed below. Except as otherwise provided

in paras. 127.4.9, 132.2, and 132.3, all welds in materials PWHT temperature shall not exceed the pmQymum

included in the P-Numbers listed in Table 132.1.1-1 shall temperature acceptable for the pressure-retaining) part.

be given 4 postweld heat treatment within the tempera- (¢) Caution is necessary to preclude metallupgical

e 1 . damage to some materials or welds not intended or|qual-
ture rangg¢ specified in Table 132.1.1-1. (The range speci- - . .
fied in TaHle 132.1.1-1 may be modified by Table 132.1.1-2 ified to withstand the PWHT temperatures requiredl. The

for the lower limit and para. 132.2 for the upper limit.) The use ofTrEatCelrla_l transition ]01n_t d;SlV\‘;”g,sr may b.? re%ulred_.
materials in Table 132.1.1-1 are listed in accordance with 0 € designer may require even It hotiman

the matefial P-Numbers and Group numbers of ASME datory per Table 132.1.1-1-or3Table 132.2-1.

Numbers|are also listed in Mandatory Appendix A.) ’

Welds of| materials not included in Table 132.1.1-1 Requirements
shall be heat treated in accordance with the WPS. Auste- 132.3.1 Postweld heattreatmentis notrequired fpr the
nitizing PWHTs may be performed but are required to be following conditions unless required by the qualified WPS
addressed within the qualified WPS. or the desigher:

ASME B31P may be used as an alternative in accordance (a) welds in nonferrous materials
with paraf 127.4.10. (b)(welds exempted in Table 132.1.1-1 or Table 132.2-1

(c)”welds subject to temperatures above the Jower
critical temperature (see Table 129.3.1-1) during faprica-
tion provided the WPS has been qualified with PWHT (see
para. 132.1) at the temperature range to be reached
during fabrication

132.1.2| 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
treatmerlt. The postweld heat treatment time_and
temperafure range used shall be that shown'in
Table 137.1.1-1 for a base metal of similar comipesition. 132.3.2 The postweld heat treatment exemptigns of

132.1.3| For ASTM A335 P36 and ASTM A182 F36, post- . 201¢ 132.2-1 maybe based on the actual chemical cqmpo-
: i sition as determined by a ladle or product analyfsis in
weld heaf treatment is mandatory underall conditions.

. . accordance with the material specification in lieu of
Postweld|heat treatment shall be in accordance with e . . . o
Table 132.1.3-1 the specified or maximum specified chemical compoyition

limits.
132.2 Mandatory PWHT Requirements 132.3.3 Thermocouples may be temporarily atthched
directly to pressure-containing parts using the caphcitor

discharge method of welding in accordance with the re-
quirements of para. 127.4.9(b).

Heat treatment may be accomplished by a suitable
heating method that will' provide the desired heating
and cooling rates,“the required metal temperature,

temperatyre unifofmity, and temperature control. e . .

(@) Thd upperdimit of the PWHT temperature range in 132.4 Definition of Thicknesses Controlling PWHT
Table 132.1:451 is a recommended value that may be 132.4.1 The term control thicknesses as usged in
exceeded provided tite actuat temMperature ¢oes not Tabtes 32Tt and 132-2=tand tiheir Notes 1s the
exceed the lower critical temperature of either material lesser thickness of (a) or (b) as follows:

(see Table 129.3.1-1). (a) the thickness of the weld
(b) When parts of two different P-Numbers are joined (b) the thicker of the materials being joined at the weld

by welding, the postweld heat treatment shall be that or the thickness of the pressure-containing material if the
specified for the material requiring the higher PWHT weld is attaching a non-pressure-containing material to a
temperature. When a nonpressure part is welded to a pressure-containing material

pressure part and PWHT is required for either part,

the maximum PWHT temperature shall not exceed the 132.4.2 Thickness of the weld, which is a factor in

determining the control thickness, is defined as follows:

100


https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

ASME B31.1-2020

Table 132.1.1-1 Postweld Heat Treatment

P-Number and Group Number
(ASME BPVC, Section IX,
QW/QB-420)

Holding Temperature Range,

Minimum Holding Time at Temperature
for Control Thickness [Note (2)]

°F (°C) [Note (1)]

<2 in. (50 mm)

>2 in. (50 mm)

P-No. 1, Groups 1-3

P-No. 3, Groups 1 and 2
P-No. 4, Groups 1 and 2

1,100 to 1,200 (595 to 650)

1,100 to 1,200 (595 to 650)
1,200 to 1,300 (650 to 705)

1 hr/in. (25 mm),
15 min minimum
over 2 in. (50 mm)

2 hr plus 15 min for each
additional inch (25 mm)

P-No. A, Group 1
P-No. $B, Group 1
P-No. ¢, Groups 1-3

P-No. ¥, Groups 1 and 2
[Note (3)]

P-No. 8, Groups 1-4

P-No.
P-No.
P-No.

DA, Group 1
bB, Group 1
| OH, Group 1

P-No. 101, Group 1
[Note (3)]

P-No. 15E, Group 1
[Note (5)]

All othler materials

1,250 to 1,400 (675 to 760)
1,250 to 1,400 (675 to 760)
1,400 to 1,475 (760 to 800)
1,350 to 1,425 (730 to 775)

PWHT not required unless
required by WPS

1,100 to 1,200 (595 to 650)
1,100 to 1,175 (595 to 635)

PWHT not required unless
required by WPS. If done, see
Note (4).

1,350 to 1,500 (730 to 815)

1,300 to 1,425 (705 to 775)
[Notes (6), (7)]

PWHT as required by WPS

1 hr/in: (25 mm),
30/min minimum

1 hr/in. (25 mm) up t
5 in. (125 mm) plus|
15 min for each
additional inch
(25 mm) over 5 in.
(125 mm)

Per WPS Per WPS

GENERAL NOTE: The exemptions for mandatory RWHT 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_ para/132.4.1.
(3) Cdoling 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 1

suffficiently rapid to prevent embrittlement.

(4) If

bid cooling:

(5)
(6
g

loy S32750 — '1,880°F to 2,060°F (1025°C to 1125°C)
| others — 1;800°F to 1,900°F (980°C to 1040°C)

See para. 125.2.2(c) for hardness requirements for ASTM A217, Grade C12A and ASTM A1091, Grade C91 castings after P
THe miniftum PWHT holding temperature may be 1,250°F (675°C) for nominal material thicknesses (see para. 132.4.3) <%
THe Ni +.Mn content of the filler metal shall not exceed 1.2% unless specified by the designer, in which case the maximum tempsg

'WHT is performed after bending, forming, or welding, it shall be within the following temperature ranges for the specific alloy;

ra|

Alloys S31803 and S32205 — 1,870°F to 2,010°F (1020°C to 1100°C)
Alloy S32550 — 1,900°F to 2,050°F (1040°C to 1120°C)
A
A

ate shall be

followed by

WHT.
n. (13 mm).
rature to be

repched during PWHT shall be the A; (lower transformation or lower critical temperature) of the filler metal, as determined by

nalysis and

calculation or by test, but not 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
ifthe 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
removed and, if reused, shall be renormalized and tempered prior to reinstallation.
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Table 132.1.1-2 Alternate Postweld Heat Treatment Detail (b)

Requirements for Carbon and Low Alloy Steels, weld thickness = t, + ¢
P-Nos. 1 and 3 mee
Decrease in Specified Minimum Holding Time at Detail (c)
Minimum Temperature, Decreased Temperature,
°F (9 hr [Note (1)] weld thickness = greater of t,,, + t, or t,, + t,

50 (30) 2
100 (55) 4 Detail (d)
150 (85) [Note (2)] 10
200 (110) [Note (2)] 20 weld thickness = t,; + £ + .
NOTES:

(1) Times shown apply to thicknesses <1 in. (25 mm). Add 15 min/in. Detail (e)
(25 mn]) of thickness for control thicknesses >1 in. (25 mm) (see
para. 132.4).

(2) Adecrepse>100°F (55°C) below the minimum specified tempera-
ture is pllowable only for P-No. 1, Groups 1 and 2 materials.

weld thickness = t,3, 4 't

(2) for welds described in’Figtre 127.4.8-5:
weld thicknes$e= t,;, + t,

Table 13p.1.3-1 Postweld Heat Treatment of P36/F36 (3) for welds described in Figures 127.4.8-6 and
- 127.4.8-7:
Holding
Tenjperature, weld thickness =) depth of groove weld + throat thickhess
Class F (°C) Holding Time of cover fillet
1 1,10p-1,200 2 in. (50 mm) and less thickness: 1 hr/in.
(5p5-650) (25 mm), 15 min minimum 132.4.3.The term nominal material thickness as uped in
Over 2 in. (50 mm): add 15 min for each Table-132.2-1 is the thicker of the pressure-retdining
additional 1 in. (25 mm) of thickness matérials being joined at the weld.
2 1,000-1,150 1 hr/in. (25 mm), % hr minimum
(5[#0-620) 132.5 PWHT Heating and Cooling Requirements

Above 600°F (315°C), the rate of heating and c¢oling
shall not exceed 600°F/hr (335°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
(335°C/h). (See Table 132.1.1-1 for cooling rate require-
ments for P-Nos. 7 and 10l materials.)

(a) gropve welds (girth and longitudinal) — the thicker

of the twolabutting ends after weld‘preparation, including 132.6 Furnace Heating

.D. machining (a) Heating an assembly in a furnace should be used
(b) fillgt welds — the throat/thickness of the weld when practical; however, the size or shape of thd unit,
(c) partial penetration’'welds — the depth of the weld ~ or the adverse effect of a desired heat treatmept on

groove one or more components where dissimilar matprials
(d) material repair-welds — the depth of the cavity to  are involved, may dictate alternative procedures such

be repairgd as heating a section before assembly or applying local
(e) brapchwelds — the weld thickness is the dimen- heating in accordance with para. 132.7.

sion existingin'the plane intersecting the longitudinal axes (b) An assembly may be postweld heat treated injmore

and is calcufatedasimdicatedforeachdetaitusing than one heat in a furnace provided there is at ieasta 1 ft

(300 mm) overlap of the heated sections and the portion of

t, = the smaller of ¥, in. (6 mm) or 0.7t
the assembly outside the furnace is shielded so that the

(1) for welds described in Figure 127.4.8-4: temperature gradient is not harmful. This method may not

Detail (a) be used for austenitizing heat treatments of ferritic mate-
rials.

(c) Direct impingement of flame on the assembly is

weld thickness = t,; + ¢, prohibited

(d) The furnace shall be calibrated such that the PWHT
can be controlled within the required temperature range.
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Table 132.2-1 Exemptions to Mandatory Postweld Heat Treatment

P-Number and

Group Number

(ASME BPVC,
Section IX,
QW/QB-420)
[Note (1)]

Cont

in. (mm) [Note (2)]

rol Thickness,
Type of Weld

Additional Limitations Required for Exemption Froqm 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

All

<% (16)

<% (16)

<% (16), excep
weld fitting
considered

<% (16)

<% (16)

<% (16), excep
weld fitting
considered

<% (16)

All

All

Groove

t the thickness of a socket Socket and fillet welds
r flange need not be

Seal welds and non-load-carrying
attachments [Note (7)]

Groove

t the thickness of a socket Socket and fillet welds
r flange need not be

Seal welds and non-load-carrying

alld € NO

No exemptions to PWHT

Apreheatof200°F (95°C) is applied prior to welding on any nomij
Multiple layer welds are used when the nominal material thic
See Note (6)

A preheat of 200°F (95°C) is applied prior to welding on any
(16 mm)

Specified carbon content of the base materials <0.25%

Multiple layer welds are used when the nominal material thicl

See Note (6)

The mandatory preheat has been applied

Specified carbon content of the base materials <0.20%
Multiple layer welds are used when the nominal material thick
See Note (6)

The mandatory preheat has been applied

al material thickness >1 in. (25 mm)
ness >¥¢ in. (5 mm)

ominal material thickness >% in.

ness >¥¢ in. (5 mm)

ness >¥¢ in. (5 mm)

The throat thickness of the fillet weld or the socket weld <% ih. (13 mm)

Specified carbon content of the pipe material <0.20%
Nominal material thickness of the pipe <% in. (16 mm)

Multiple layer welds are used when the nominal material thichness >% in. (5 mm)

See Note (6)
The mandatory preheat has been applied

The threat thickness of the fillet weld or the socket weld <% ih. (13 mm)

Specifiéd edrbon content of the pipe material <0.20%

Nominal material thickness of the pipe <% in. (16 mm)
Multiple layer welds are used when the nominal material thick
See Note (6)

The mandatory prelieatshas been applied
Multiple layer welds are used when the nominal material thick
See Note (6)

The mandatory preheat has“been.applied

Specified carbon content of thé base materials <0.15%
Multiple layer welds are used wheh-the nominal material thicH
See Note (6)

The mandatory preheat has been applied

ness >% in. (5 mm)

ness >¥¢ in. (5 mm)

ness >% in. (5 mm)

The throat thickness of the fillet weld or the'socket weld <% ih. (13 mm)

Specified carbon content of the pipe material/£0.15%
The nominal thickness of the pipe <% in. (16 mn1)

Multiple layer welds are used when the nominal matetial thicH
See Note (6)

The mandatory pr
I WE

eheat has been applied
T T

s wie

P ay
See Note (6)

ness >% in. (5 mm)

Rness >%6 in. (5 mm)

0202-1'1€9 INSVY
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Table 132.2-1 Exemptions to Mandatory Postweld Heat Treatment (Cont’d)

P-Number and
Group Number

(ASME BPVC,
Section IX,
QW/QB-420) Cont

[Note (1)]

rol; Thickness,

in. (mm) [Note (2)]

Type of Weld

Additional Limitations Required for Exemption From PWHT [Notes (3)-(5)]

P-No. 6, Groups 1-3 All All 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 compositjon
See Note (8)
P-No. 7, Group 2 No exemptiony to PWHT
P-No. 8, all Groups All Al PWHT neither required nor prohibited
P-No. 9A, 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 jualified 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 thfickness <% in. (13 mm)
P-No. 15E No exemptiond 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) Single layer or single pass weld

met.

(7) Non-load-carrying attachments are defined as items where no pressure loads or significant mechanical loads are transmitted through the attachment t

material.
(8) The A-Nos. and F-Nos. are fot

ber listed in Mandatory Appendix A are found, the P-Nufmber listed in ASME BPVC, Section IX, Table QW/QB-422 applig
ed in para. 132.4.1.

5s 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.

s may be exempted from PWHT, provided the WPS has been qualified using single pass welds with +10% heat input and all o

nd in ASME BPVC, Section IX, Tables QW-442 and QW-432, respectively.

g

her conditions for exemption are

the pipe or pressure-containing

0202-1'1€9d ISV
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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
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

135.2.2 Cold Springs. Before assembling joints in
piping to be cold sprung, an examination shall be
made of guides, supports, and anchors for obstructions
that might interfere with the desired movement or
result in undesired movement. The gap or overlap of
piping prior to assembly shall be checked against the
design specifications and corrected if necessary.

135.3 Bolted Flanged Connections

weld|or attachment weld on each side at least two
times|the run pipe thickness and shall extend completely
arour]d the run pipe. Guidance for the placement of ther-
mocopples on circumferential butt welds is provided in
AWS |D10.10, Sections 5, 6, and 8. Special consideration
shall pe 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-
nessgs. No part of the materials subjected to the heat
sourde shall exceed the lower critical temperature of
the material. Particular care must be exercised when
the applicable PWHT temperature is close to the material’s
loweq| critical temperature, such as for P-No. 15E mate-
rials,|or when materials of different P-Nos. are being
joinedl. This method may not be used for austenitizing
heat freatments.

5STAMPING

nping, if used, shall be performed by a method that
ot result in sharp discontinuities. In no case @hall
ping infringe on the minimum wall thickness or
result in dimpling or denting of the material being
stamped.

CAUTJONARY NOTE: Detrimental effects can result from
stamping of material that will besin\operation under

133

Sta
will 11
stam

135.3.1 Fit Up. All tlanged joints shall be_ 11
that the gasket contact surfaces bear uniforn
gasket and then shall be made up~with 1
uniform bolt stress.

ted up so
ly on the
elatively

135.3.2 Gasket Compression:, When bolting
flange joints, the gasket shalldbe,properly com
accordance with the desigfiprinciples applica
type of gasket being used:

135.3.3 Cast Iron to Steel Joints. Cast irg
flanged joints in,dccordance with para. 108.
assembled with Care to prevent damage td
iron flange:

135.3:4 Bolt Engagement. All bolts shall be g
that‘there is visible evidence of complete
through the nut or threaded attachment.

135.3.5 Nonmetallic Lined Joints. When agsembling
nonmetallic lined joints, such as plastic lined steel
pipe, consideration should be given to maintaining elec-
trical continuity between flanged pipe sectiqns where
required.

gasketed
pressed in
ble to the

n to steel
B shall be
the cast

ngaged so
hreading

135.4 Packed Joints and Caulked Joints

Care shall be used to ensure adequate engal
joint members. Where packed joints are used

pement of
to absorb

long-erm creep or creep fatigue conditions. thermal expansion, proper clearance shall be pfovided at
the bottom of the sockets to permit movemerit.
135 ASSEMBLY .
135.5 Threaded Piping
135.] General 135.5.1 Thread Compound. Any compound or lubri-
The assembly.'of' the various piping components,  cant used in threaded joints shall be suitable for the
whether dong,in a shop or as field erection, shall be service conditions and shall be compatible| with the
done|so that'thie completely erected piping conforms  piping material and the service fluid.
with the requirements of the engineering design. 135.5.2 Joints for Seal Welding. Threaded joints that
ara dntandad 0 ha cnaal vaoaldad 199 o onad ] i
135.2 Alignment are—intendedto-beseal-weldedinaceerddnce with

135.2.1 Equipment Connections. When making
connections to equipment, such as pumps or turbines
or other piping components that are sensitive to exter-
nally induced loading, forcing the piping into alignment
is prohibited if this action introduces end reactions
that exceed those permitted by design.

105

para. 127.4.5 should be made up without any thread
compound.

135.5.3 Joints Using Straight Threads. Some joints
using straight threads, with sealing at a surface other
than threads, are shown in Figure 135.5.3-1. Care shall
be used to avoid distorting the seal when incorporating
such joints into piping assemblies by welding or brazing.

135.5.4 Backing Off. Backing off threaded joints to
allow for alignment is prohibited.
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Figure 135.5.3-1 Typical Threaded Joints Using Straight Threads

NN

Gasket or
O-ring

AN

GENERAL N

135.6 Ty

(a)

OTE: Threads are ASME B1.1 straight threads.

bing Joints

135.6.1 Flared. The sealing surface shall be free of

injurious
135.6.2

compress
with the j

defects before installation.

Flareless and Compression. Flareless and
ion joints shall be assembled in accordance
nanufacturer’s recommendations.

(b)

Gasket orE 2

O-ring

(c)

135.7 Ductile Iron Bell End Piping

Assembly ofjductile iron pipe, using ANSI/A
C111/A2141"mechanical or push-on joints,
comply with"”AWWA C600.

WWA
shall

106
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Chapter VI
Inspection, Examination, and Testing

136 INSPECTION AND EXAMINATION

136.]

136.1.1 General. Inspection is the responsibility of the
ownel and may be performed by employees of the owner
or a party authorized by the owner, except for Authorized
Inspekction required by para. 136.2.

Inspection

136.1.2 Verification of Compliance. Prior to initial
operation, a piping installation shall be inspected to
ensutle that the piping has been constructed in accordance
with the design, material, fabrication, assembly, examina-
tion, and testing requirements of this Code.

(a)| For boiler external piping (BEP), the Authorized
Inspector shall verify, in accordance with ASME BPVC,
Sectign I, PG-90, compliance with the requirements of
this Jode when the ASME Certification Mark and Desig-
nator| are to be applied. The quality control system re-
quirgments of ASME BPVC, Section I, Nonmandatoiy
Appendix A, A-301 and A-302 shall apply.

(b)| For nonboiler external piping (NBEP), the owner
shall gnsure that the design and construction.documents
and the requirements of this Code have béen‘complied
with |n accordance with the owner’s requirements.

136.1.3 Rights of Inspectors. Inspectors shall have
acceds to any place where work concerned with the
piping is being performed. This includes manufacture,
fabridation, heat treatment, @ssembly, erection, examina-
tion, dnd testing of the piping. They shall have the right to
audit|any examination;-to inspect the piping using any
apprgpriate examjnation method required by the engi-
neering design or'this Code, and to review all certifications
and records necessary to satisfy the owner’s responsi-
bility|as stated in para. 136.1.1.

136.1:4" Qualifications of the Owner’s Inspector

(1) have at least 10 yr of experience ii‘the design,
manufacture, erection, fabrication, inspection, [or exami-
nation of piping systems. Each year pf satisfactorily
completed work toward an accredited engineering or
engineering technology degree ‘'shall be cdnsidered
equivalent to 1 yr of experience;"up to 5 yr tdtal.

(2) have a professional engineering regigtration or
nationally recognized equivalent with a minimum of 5
yr of experience in th€)design, manufacture) erection,
fabrication, inspection, or examination of piping systems.

(3) beacertified Welding Inspector or a Sepior Certi-
fied Weldinglnspector as defined in AWS QC1, of a nation-
ally recoghized equivalent, with a minimum jof 5 yr of
experience'in the design, manufacture, erectiop, fabrica-
tion,‘inspection, or examination of piping systems.

(4) be an Authorized Piping Inspector as fefined in
API 570, Piping Inspection Code: In-service Ipspection,
Rating, Repair, and Alteration of Piping Systemms, with a
minimum of 5 yr of experience in the design, ma:[:ufacture,
erection, fabrication, inspection, or examinatiof of piping
systems.

(c) In delegating the performance of inspeg¢tions, the
owner is responsible for determining that a [person to
whom an inspection function is delegated is| qualified
to perform that function.

136.2 Inspection and Qualification of Authorized
Inspector for Boiler External Piping

136.2.1 Piping for which Authorized Inspgction and
stamping are required as determined in adcordance
with para. 100.1.2(a) shall be inspected during construc-
tion and after completion and at the option of the Author-
ized Inspector at such stages of the work as h¢/she may
designate. For specific requirements see the applicable
parts of ASME BPVC, Section I, PG-104 thrjough PG-
113. Each manufacturer, fabricator, or assembler is

(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:

required to arrange for the services of Authorized Inspec-
tors.

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.
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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
Code shall be a matter of prior agreement between the
manufactiirer, fabricator, or erector and the owner.

136.3.2] Qualification of NDE Personnel. Personnel
who perform nondestructive examination of welds
shall be ﬂ]ualified and certified for each examination
method in accordance with a program established by
the employer of the personnel being certified, which
shall be bpsed on the following minimum requirements:

(a) insfruction in the fundamentals of the nondestruc-
tive exam‘Enation method.

(b) on-the-job training to familiarize the NDE person-
nel with the appearance and interpretation of indications
of weld defects. The length of time for such training shall
be sufficiejnt to ensure adequate assimilation of the knowl-
edge reqyired.

(c) avipual acuity examination performed at least once
eachyear fo determine optical capability of NDE personnel
to perforth the required examinations.

(d) updn completion of (a) and (b), the NDE personnel
shall be given a written examination and performance
examination by the employer to determine if the NDE per¢
sonnel arg qualified to perform the required examinations
and interpretation of results.

(e) certified NDE personnel whose worK has not
included performance of a specific examination method
for a peridd of 1 yr or more shall be recertified by success-
fully completing the examination of (d)‘and also passing
the visual pxamination of (c). Substantialchanges in proce-
dures or gquipment shall requjre recertification of the
NDE pergonnel. For this Code;“the requirements of
ASME BPYVC, Section V, Agticle”1, Mandatory Appendix
[l are optional.

As an alfernative tothe preceding program, the require-
ments of ASME BPVG, Section V, Article 1, T-120(e) or T-
120(f) maf be used for the qualification of NDE personnel.

Personnel qudlified to AWS QC1 may be used for the visual
examinatjon’of welds provided they meet the annual

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 comply
with the applicable acceptance standards for indications
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 examina-
tion (i.e, RT,UT, MT, or PT) by this Code or the engineering
design shall be judged acceptable if they meet the exam-
ot i : 4 ssure
test requirements specified in para. 137. NDE\for P-
Nos. 3, 4, 5A, 5B, and 15E material welds ishall be
performed after postweld heat treatment unless dijected
otherwise by engineering design. Required\NDE for welds
in all other materials may be performed before o1 after
postweld heat treatment.

136.4.2 Visual Examination

(a) Visual examinationsas’defined in para. 100.7 shall
be performed in accordance with the requirerhents
described in ASMEBPVC, Section V, Article 9. Visual ¢xam-
inations may be<€onducted, as necessary, during the|fabri-
cation and efection of piping components to prpvide
verificationthat the design and WPS requirements are
being met:'In addition, visual examination shall be
performed to verify that all completed welds in pipe
and piping components comply with the acceptance stan-
dards specified in (b) or with the limitations on impgrfec-
tions specified in the material specification under which
the pipe or component was furnished.

Records of individual examinations are not reqpired,
except for the in-process examination specified in
para. 136.4.7.

(b) Acceptance Standards. The following indicz
are unacceptable:

(1) cracks — external surface.

(2) undercuton the surface thatis greater than J/4, in.
(0.8 mm) deep, or encroaches on the minimum required
section thickness.

tions

(3) undercut on the surface of longitudinal butt
welds.

(4) weld reinforcement greater than specifijed in
Table 127.4.2-1.

(5) lack of fusion on surface.

(6) incomplete penetration (applies only when

inside surface is readily accessible).

visual acuity examination requirement of (c) and the
J1 visual acuity requirement of ASME BPVC, Section V,
Article 9.

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

108

(7) any otherlinear indications greater than %4 in. (5
mm) long.

(8) surface porosity with rounded indications having
dimensions greater than % in. (5 mm) or four or more
rounded indications separated by Y in. (1.5 mm) or less
edge to edge in any direction.

(9) arc strikes outside of the weld joint.

(20)
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Table 136.4.1-1 Mandatory Minimum Nondestructive Examinations for Pressure Welds or Welds to Pressure-Retaining Components

Type of Weld

Piping Desigm Conmditions amd Nomdestructve Examimattomr |

Temperatures Over 750°F
(400°C) and at All Pressures

Temperatures Between 350°F (175°C) and 750°F (400°C)
With All Pressures Over 1,025 psig [7075 kPa (gag|

nclusive,

R)] All Others

Butt welds (girth and longitudinal)

Welded branch connections (size
indicated is branch size)

Fil

[Note (1)]

[Notes (3) through (5)]

let, socket, attachment, and seal

Volumetric examination (RT or UT) for over NPS 2 (DN 50)
with thickness over ¥, in. (19 mm). VT for all sizes with thic
%, in. (19 mm) or less

Yolumetric examination (RT or UT) for over
NPS 2 (DN 50). MT or PT for NPS 2 (DN 50)
arid-tess [Note (2)]

Volumetric examination (RT or UT) for branch over NPS 4 (DN
and thickness of branch over ¥, in. (19 mm)

MT or PT for branch NPS 4 (DN 100) and less with thickness o
branch over ¥, in. (19 mm)

VT for all sizes with branch thickness ¥, in. (19 mm) or less

Volumetri€¢ gxamination (RT or UT) for
over NPS 44DN 100). MT or PT for NPS 4
(DN 100) and fess [Note (2)]

elds PT or MT for all sizes and thicknesses [Note (6)] VT for all sizes and thicknesses

Visual for all sizes

kness and thicknesses

100) VT for all sizes
and thicknesses

f

VT for all sizes
and thicknesses

GENERAL NOTES:
(a)
(b)
©)
(d)
(e)

0

NOTES:
0
(2
(3
(4)

(5)
(6)

All welds shall be given a vis
NPS = nominal pipe size; DN
RT = radiographic examinatig
For nondestructive examinati
Acceptance standards for nong
para. 136.4.6.

Alllongitudinal welds and spir:
examination (RT or UT) per f

The thickness of butt welds i
RT may be used as an alterng
Volumetric examination (RT

In lieu of volumetric examinati
one-half of the weld thicknes
Branch thickness is t,;, as def]
Fillet welds not exceeding %, in|

al examination in addition to the type of spebific nondestructive examination specified.
= diameter nominal.

n; UT = ultrasonic examination; MT = magnetic partiele examination; PT = liquid penetrant examination; VT = visual ex{
bns of the pressure-retaining component, refer to the“standards listed in Table 126.1-1 or manufacturing specifications.
estructive examinations performed are as follows: MT — see-para. 136.4.3; PT — see para. 136.4.4; VT — see para. 136.4.2;

lwelds in pipe intended for sustained operation in the creep range (See paras. 104.1.1 and 123.4, and Table 102.4.7-1) mustre
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. 136.4.5.

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 examination (PT, MT) is acceptable and, when used,
or each % in. (13 mm) of weld thickness and all accessible final weld surfaces.

ned in para. 127.4.8 and Figures 127.4.8-4 and 127.4.8-5.

(6 mm) throat thickness that are used for the permanent attachment of non-pressure-retaining\parts are exempt from the PT|

imination.
RT — see para. 136.4.5; UT — see

ceive and pass a 100% volumetric

hall be performed at the lesser of

or MT requirements of this Table.

0202-1'1€9 INSVY


https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

(20)

ASME B31.1-2020

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 inclusip# X Note{2Y} X Note{2}} X Note{2}} X X
Lack of 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

NOTES:

1) Appliestllwhen the outside surface is accessible for examination and/or when the inside surface is readily accessible.
inuities are detectable when they are open to the surface.

(2) Discon
(3) Applies|only when the inside surface is readily accessible.

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) Evdluation of Indications

(1) Mechanical discontinuities at the surface will be
indicated py the retention of the examination medium. All
indications are not necessarily defects; however, certain
metallurgjcal discontinuities and magnetic permeability
variationd may produce similar indications that are not
relevant tp the detection of unacceptable discontinuities:

(2) Any indication that is believed to be nonrelevant
shall be reexamined to verify whether or notactual defects
are present. Surface conditioning may precede(the reex-
amination. Nonrelevant indications that would mask indi-
cations of| defects are unacceptable.

(3) Ihdications whose major dimensions are greater
than % in. (1.5 mm) shall be considered relevant.

(4) An indication of a discentinuity may be larger
than the dliscontinuity that causes it; however, the size
of the indication and not.the'Size of the discontinuity
is the bas|s of acceptance/er rejection.

(b) Acdeptance Standards. Indications whose major
dimensiofs are gpeater than % in. (1.5 mm) shall be
considered relevant. The following relevant indications
are unacceptdble:

(1) anycracks or linear indications

136.4.4 Liquid Penetrant Examination. Whenever (20)

required by this Chapter (see Table 136.4.1-1), liquid
penetrant examination’shall be performed in accorflance
with the requirements of ASME BPVC, Section V, Artjicle 6.
(a) Evaluation“of Indications

(1) Méchanical discontinuities at the surface will be
indicated'by’bleeding out of the penetrant; however} loca-
lized surface imperfections, such as may occur|from
machining marks or surface conditions, may produce
similar indications that are nonrelevant to the det¢ction
of unacceptable discontinuities.

(2) Any indication that is believed to be nonrelevant
shall be regarded as a defect and shall be reexamired to
verify whether or not actual defects are present. Stirface
conditioning may precede the reexamination. Nonrele-
vant indications and broad areas of pigmentation that
would mask indications of defects are unacceptable.

(3) Indications whose major dimensions are greater
than % in. (1.5 mm) shall be considered relevant.

(4) An indication of a discontinuity may be larger
than the discontinuity that causes it; however, the size
of the indication and not the size of the discontinuity
is the basis of acceptance or rejection.

(b) Acceptance Standards. The following relevan

cations are unacceptable:

(1) any cracks or linear indications

(2) rounded indications with dimensions gieater
than ¥ in. (5 mm)

indi-

(2) rounded indications with dimensions greater
than ¥ in. (5 mm)

(3) four or more rounded indications in a line sepa-
rated by Y in. (1.5 mm) or less, edge to edge

(4) ten or more rounded indications in any 6 in.?
(3870 mm?) of surface with the major dimension 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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(3) four or more rounded indications in a line sepa-
rated by Y in. (1.5 mm) or less edge to edge

(4) ten or more rounded indications in any 6 in.?
(3870 mm?) of surface with the major dimension of this
areanotto exceed 6in. (150 mm) with the area taken in the
mostunfavorable location relative to the indications being
evaluated


https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

(20)

ASME B31.1-2020

136.4.5 Radiography

(a) 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).

(b) Acceptance Standards. Welds that are shown by

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 criteria shall also be met when
performing ultrasonic examinations:

(1) The equipment used to perform the examination
shall be capable of recording the UT data to facilitate the

radiography to have any of the following types of discon-
tinuitjes are unacceptable:

7) any type of crack or zone of incomplete fusion or
penetration

?) any other elongated indication that has a length
br than

(-a) Y, in. (6 mm) for t up to % in. (19 mm), inclu-

great

sive
(-b) Ystfortover,in. (19 mm)to 2, in. (57 mm),
ive
(-c) %,in.(19 mm) fortover 2%, in. (57 mm) where
t is thie thickness of the weld being examined. If the weld
joins [two members having different thicknesses at the
weld,|t is the thinner of these two thicknesses.
3) any group of indications in line that have an
aggregate length greater than t in a length of 12¢,
except where the distance between the successive indica-
tions [exceeds 6L where L is the longest indication in the
grouy

inclus

1) porosity in excess of that shown as acceptable-in
BPVC, Section [, Nonmandatory Appendix A, A~250.
5) for circumferential groove welds, undereutting
adjacent to the cover pass (EU) or undercutting-adjacent
to th¢ root pass (IU) shall be considered ‘unacceptable
should either of the following conditions exist:
(-a) the aggregate length ¢f\EU and IU, in any
combination, in any continuous 12,in. (300 mm) length
of welld exceeds 2 in. (50 mm)
(-b) the aggregate length of EU and IU, in any
combjnation, exceeds one:-sixth of the weld length
6) undercut on-the outside (0.D) or inside (I.D.)
fe of longitudinal butt welds is unacceptable
7) root concavity when the density or brightness of
the rdotimagé€ is darker than the density through the adja-
cent pase ‘metal. For digital radiography, brightness
compprison’ may be used.

For

ASMH

surfa

the rndingr;\phy of welds _the area of interest shall

analysisby-athird partyandfortherepeatability of subse-
quent examinations, should they be requirgd. Where
physical obstructions prevent the use/ofl systems
capable of recording the UT data, mahual UT may be
used with the approval of the owner:
(2) NDE personnel performing and evalpating UT
examinations shall be qualified.and certified in agcordance
with their employer’s writtén 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 gcceptable
examination using’test blocks approved by thp owner.
(b) Acceptance Standards. Welds that are shown by
ultrasoniC)exXamination to have discontinulfities that
produceran indication greater than 20% of the|reference
levelxshall be investigated to the extent that pltrasonic
examination personnel can determine their shiape, iden-
tity, and location so that they may evaluate eafh discon-
tinuity for acceptance in accordance with (1) pnd (2).
(1) Discontinuities evaluated as being cragks, lack of
fusion, or incomplete penetration are unafceptable
regardless of length.
(2) Otherdiscontinuities are unacceptablelifthe indi-
cation exceeds the reference level and their length exceeds
the following:
(-a) Y, in. (6 mm) for t up to %, in. (19 thm) inclu-
sive.
(-b) Ystfortover ¥, in. (19 mm)to 2%, ir
inclusive.
(-c) %,in.(19 mm) for tover 2%, in. (57 mim) where
t is the thickness of the weld being examined. If the weld
joins two members having different thicknesgses at the
weld, t is the thinner of these two thicknesseg.
(c) As an alternative to (b)(1) and (b)(2), the fracture
mechanics ultrasonic acceptance criteria in Mandatory
Appendix O may be used, provided all of the requirements
of Mandatory Appendix O are met.

.(57 mm)

include the weld and all adjacent areas within atleast %, in.
(6 mm) from the toe of the weld. Relevant indications
outside the area of interest shall be investigated and
their disposition determined by the owner.

For image quality indicator (IQI) selection for welds
with reinforcement, the thickness used shall be either
the nominal wall thickness, t,, or the minimum required
thickness, t,,,. In either case, the selected thickness shall
also include the allowable combined internal and external
reinforcement thicknesses, as specified in Table 127.4.2-1.

111

136.4.7 In-Process Examination. When required by
this Chapter, in-process visual examination shall be
performed and/or witnessed by qualified personnel
other than those performing the production work. It
shall also be in accordance with para. 136.4.2, which
comprises examination of the following, as applicable:

(a) joint preparation and cleanliness

(b) preheating

(c) fit-up, joint clearance, and internal alignment prior
to joining

(20)

(20)
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(d) variables specified by the joining procedure,
including filler material
(1) for welding: position and electrode
(2) for brazing: position, flux, brazing temperature,
proper wetting, and capillary action
(e) forwelding: condition of the root pass after cleaning
(external and, where accessible, internal) aided by liquid
penetrant or magnetic particle examination when speci-
fied in the engineering design

subject to test may be insulated prior to the test
period, provided an extended holding time pressurization
of the system is performed to check for possible leakage
through the insulation barrier.

137.2.2 Addition of Temporary Supports. Piping
systems designed for vapor or gas shall be provided
with additional temporary supports if necessary to
support the weight of the test liquid. Such supports
shall meet the requirements for testing and system

(f) for welding—slagremeovaland-weld—condition
© ° cleanup procedures described in para. 122.10.
between passes
(g) appearance of the finished joint 137.2.3 Restraint or Isolation of Expansion )
NOTE: The|method of examination is visual, in accordance with Expansion joints shall be provided with temp

para. 136.4.2, unless additional methods are specified in the
engineering design.

137 PREBSSURE TESTS

137.1 General Requirements

137.1.1| Subassemblies. When conducted in accor-
dance with the requirements of this Code, the pressure
testing of| piping systems to ensure leak tightness shall
be acceptable for the determination of any leaks in
piping subassemblies.

137.1.2| Temperature of Test Medium. The tempera-
ture of tHe test medium shall be that of the available
source unless otherwise specified by the owner. The
test presdqure shall not be applied until the system and
the presgurizing medium are approximately at thé
same temperature. When conducting pressure test$-at
low metalftemperatures, the possibility of brittle-fracture
shall be cpnsidered.

137.1.3
the event
inate hazg
tested.

Personnel Protection. Suitablesprecautions in
pf piping system rupture shall'be taken to elim-
rds to personnel in the proximity of lines being

137.1.4 Maximum Stress‘During Test. At no time
during thle pressure testshall any part of the piping
system be|subjected to a-sttess greater than that permitted
by para. 102.3.3(b).

137.1.5| Testing‘Schedule. Pressure testing shall be
performef following the completion of postweld heat
treatment] required by para. 132, nondestructive exami-

ints.
brary
restraint if required for the additional ‘pressurg load
under test, or they shall be isolated during the systern test.

137.2.4 Isolation of Equipment and Piping Not
Subjected to Pressure Test.‘Eguipment that is got to
be subjected to the pressute, test shall be either dlscon-
nected from the system or-isolated by a blank or sjmilar
means. Valves may beaised for this purpose providefd that
valve closure is suitable for the proposed test prepsure.
The owner shall\be aware of the limitations of prdssure
and temperatute for each valve subject to test condjitions
and as further described in para. 107.1(c). Isolated gquip-
ment and piping must be vented.

1372:2.5 Treatment of Flanged Joints Contalining
Blanks. Flanged joints at which blanks are inserfed to
blank off other equipment during the test need ot be
tested after removal of the blank provided the require-
ments of para. 137.7.1 are subsequently performegd.

137.2.6 Precautions Against Test Medium Expansion.
If a pressure test is to be maintained for a period of time
during which the test medium in the system is subject to
thermal expansion, precautions shall be taken to favoid
excessive pressure. A pressure relief device set 4t 1%
times the test pressure is recommended during the|pres-
sure test, provided the requirements of paras. 137.1.4,
137.4.5, and 137.5.5 are not exceeded.

137.3 Requirements for Specific Piping Systéms

137.3.1 Boiler External Piping. Boiler external piping
[see para. 100.1.2(a)] shall be hydrostatically tested in
accordance with ASME BPVC, Section I, PG-99. Th test
shall be conducted in the presence of the Authqrized

nations required by Table 136.4.1-1, and all other fabrica-
tion, assembly, and erection activities required to provide
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

112

Inspector.

137.3.2 Nonboiler External Piping. All nonboiler
external piping shall be hydrostatically tested in accor-
dance with para. 137.4. As an alternative, when specified
by the owner, the piping may be leak tested in accordance
with para. 137.5, para. 137.6, or para. 137.7. Lines open to
the atmosphere, such as vents or drains downstream of
the last shutoff valve, need not be tested.
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Where the owner and the designer consider both hydro-
static and pneumatic testing impracticable, the alternative
specified in para. 137.8 may be used if both (a) and (b)
apply.

(a) A hydrostatic test would

(1) damage lining or internal insulation, or

(2) contaminate a process that would be hazardous,
corrosive, or inoperative in the presence of moisture, or

(3) present the danger of brittle fracture due to low

a higher temperature.
A pneumatic test would
7) present an undue hazard of possible release of
energy stored in the system and it is impossible to
provifle protection for personnel, or

) present the danger of brittle fracture due to low
metal temperature during the test and it is impossible to
test at a higher temperature.

137.4

13%
speci
in lie
speci
Or Sy
for th

137.4.2 Provision of Air Vents at High Points. Vents
shall be provided at all high points of the piping system in
the psition in which the test is to be conducted to purge
air ppckets while the component or system is filling.
Ventipg during the filling of the system may beprovided
by th¢ loosening of flanges having a minimurf of four bolts
or by|the use of equipment vents.

137.4.3 Test Medium. Water shallnermally be used as
the test medium unless otherwisespecified by the owner.
Test water shall be clean and shall.be of such quality as to
minirhize 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
ferritfic (400 series){stainless steels are contained in
Nonnjandatory Appendix 1V, para. IV-3.4.

137.4.4 Check of Test Equipment Before Applying
PressuresThe test equipment shall be examined before
pressuresis applled to ensure that it is tlghtly connected
Alllow r
to the test pressure shall be dlsconnected or isolated by
valves or other suitable means.

Hydrostatic Testing

.4.1 Material. When permitted by the material
ication, a system hydrostatic test may be performed
1 of the hydrostatic test required by the material
ications for material used in the piping subassembly
tem, provided the minimum test pressure required
e piping system is met.

137.4.5 Required Hydrostatic Test Pressure. The
hydrostatic test pressure at any point in the piping
system shall not be less than 1.5 times the design pressure,
but shall not exceed the maximum allowable test pressure
of any nonisolated components, such as vessels, pumps, or
valves, nor shall it exceed the limits imposed by
para. 102.3.3(b). The pressure shall be continuously main-
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tained for a minimum time of 10 min and may then be
reduced to the design pressure and held for such time
as may be necessary to conduct the examinations for
leakage. Examinations for leakage shall be made of all
joints and connections. The piping system, exclusive of
possible localized instances at pump or valve packing,
shall show no visual evidence of weeping or leaking.

137.4.6 Special Provisions for Testing

(a) Piping components and subassemblies may be
tested either separately or as assembled pipirg.

(b) Flanged joints used to connect piping components
and subassemblies that have previously been tested, and
flanged joints at which a blank or blind is used to isolate
equipment or other piping duringla test, need rjot be leak
tested in accordance with para. 1737.3.2.

(c) The final welds (closurewelds) connectjng piping
systems or components thathave been successfflly tested
in accordance with para-137 need not be hydrpstatically
tested provided the'\6wner and designer agree that the
weld not be hydrestatically tested. However) the weld
shall be visually examined in accordance with para.
136.4.7 and\examined volumetrically using 100% radio-
graphic.examination in accordance with para. [136.4.5 or
100%, ultrasonic examination in accordance ith para.
136,4.6.

137.5 Pneumatic Testing

137.5.1 General. Except for preliminary
accordance with para. 137.5.4, pneumatic tes
not be used unless the owner specifies p
testing or permits its use as an alternative. It
mended that pneumatic testing be used only
of the following conditions exists:

(a) when piping systems are so designed
cannot be filled with water

(b) when piping systems are to be used in services
where traces of the testing medium cannot b tolerated

137.5.2 Test Medium. The gas used as the test medium
shall be nonflammable and nontoxic. Since cdmpressed
gas may be hazardous when used as a testing medium,
itis recommended that special precautions for protection
of personnel be observed when a gas under pressure is
used as the test medium.

137.5.3 Check of Test Equlpment Before

festing in
ting shall
nheumatic
is recom-
when one

that they

Applying
ned before
pressure is apphed to ensure that it is tlghtly connected.
All items not subjected to the test pressure shall be discon-
nected or isolated by valves or other suitable means.

137.5.4 Preliminary Test. A preliminary pneumatic
test not to exceed 25 psig [175 kPa (gage)] may be
applied, prior to other methods of leak testing, as a
means of locating major leaks. If used, the preliminary
pneumatic test shall be performed in accordance with
the requirements of paras. 137.5.2 and 137.5.3.

(20)
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137.5.5 Required Pneumatic Test Pressure. The pneu-
matic test pressure shall be notless than 1.2 nor more than
1.5 times the design pressure of the piping system. The test
pressure shall not exceed the maximum allowable test
pressure of any nonisolated component, such as
vessels, pumps, or valves, in the system. The pressure
in the system shall gradually be increased to not more
than one-half of the test pressure, after which the pressure
shall be increased in steps of approximately one-tenth of

nnnnnnnnn filtha raciiead +0
HthRe

137.7 Initial Service Testing

137.7.1 When specified by the owner, an initial service
test and examination is acceptable when other types of
tests are not practical or when leak tightness is demon-
strable due to the nature of the service. One example is
piping where shutoffvalves are not available for isolatinga
line and where temporary closures are impractical. Others
may be systems where during the course of checking out of
pumps, compressors, or other equipment, ample oppor-

Sooattutit

the test py
reached. The pressure shall be continuously maintained
for a minimum time of 10 min. It shall then be reduced to
the lesserof design pressure or 100 psig [700 kPa (gage)]
and held fpr such time as may be necessary to conduct the
examination for leakage. Examination for leakage
detected by soap bubble or equivalent method shall be
made of 3ll joints and connections. The piping system,
exclusive| of possible localized instances at pump or
valve packing, shall show no evidence of leaking.

137.5.6| Special Provisions for Testing

(a) Piging components and subassemblies may be
tested either separately or as assembled piping.

(b) Flapged joints used to connect piping components
and subagsemblies that have previously been tested, and
flanged jojints at which a blank or blind is used to isolate
equipmentt or other piping during a test, need not be leak
tested in fpccordance with para. 137.3.2.

(c) Thd final welds (closure welds) connecting piping
systems of components that have been successfully tested
in accordance with para. 137 need not be pneumatically.
tested prgvided the owner and designer agree that.the
weld not[be pneumatically tested. However, théxweld
shall be yisually examined in accordance with para.
136.4.7 and examined volumetrically usingt100% radio-
graphic examination in accordance with'para. 136.4.5 or
100% ultfasonic examination in accordance with para.
136.4.6.

ctnraccnrabhachaan
Fegtireatestpressurenasoeeh

137.6 Mass-Spectrometer<and Halide Testing

137.6.1f When specified by the owner, systems with
conditions of operationh anhd design that require testing
methods [having a ‘greater degree of sensitivity than
can be obtained\by a hydrostatic or pneumatic test
shall be testedby:a method, such as helium mass-spectro-

meter tesf ap-halide test, which has the required sensi-

tunity is afforded for examination for leakage priox to full-
scale operation. An initial service test is not applicaple to
boiler external piping.

137.7.2 When performing an initial service tedt, the
piping system shall be gradually brought up to nprmal
operating pressure and continnuously held [for a
minimum time of 10 min. Examination for leakage
shall be made of all joints-and ‘connections. The piping
system exclusive of paessible localized instandes at
pump or valve packing shall show no visual eviglence
of weeping or leaking:

137.8 Alternative to Hydrostatic and Pneumitic
Testing

br the
.2(b).
n the

The following procedures may be used only und
conditions stated in para. 137.3.2(a) or para. 137.3
Welds that must be examined include those used
manufacture of welded pipe fittings that have notl been
subjected to hydrostatic or pneumatic leak tests in accor-
dance with paras. 137.4 and 137.5, respectively. They shall
be examined as follows:

(a) All welds shall be visually examined in accorflance
with para. 136.4.7.

(b) Circumferential, longitudinal, and spiral (helical
seam) groove welds, in addition to welded branch connec-
tions over NPS 4, shall be 100% radiographed in gccor-
dance with para. 136.4.5 or 100% ultrasonically exained
in accordance with para. 136.4.6.

(c) All welds, including structural attachment welds,
notcovered in (b), shall be examined using the liquid pene-
trant method (para. 136.4.4) or, for magnetic materials,
the magnetic particle method (para. 136.4.3).

137.9 Retesting After Repair or Additions

137.9.1 Repairs may be made to the pressure pdrts of

tivity.

137.6.2 When a mass-spectrometer or halide test is
performed, it shall be conducted in accordance with
the instructions of the manufacturer of the test equipment.
In all cases, a calibrated reference leak, with a leak rate not
greater than the maximum permissible leakage from the
system, shall be used. The equipment shall be calibrated
against the reference leak in such a way that the system
leakage measured by the equipment can be determined to
be not greater than the leak rate of the reference leak.
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boiler external piping after the hydrostatic test required
by para. 137.3.1, provided the requirements of ASME
BPVC, Section I, PW-54.2 are met.

137.9.2 Nonpressure parts may be welded to the pres-
sure parts of boiler external piping after the hydrostatic
test required by para. 137.3.1, provided the requirements
of ASME BPVC, Section I, PW-54.3 are met.
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137.9.3 If repairs or additions to nonboiler external
piping are made following a test, the affected piping
shall be retested in accordance with the provisions of
para. 137.3.2. However, a system need not be retested
after seal welding or after attachments of lugs, brackets,
insulation supports, nameplates, or other non-pressure-
retaining attachments provided

(a) the attachment fillet weld does not exceed % in. (10
mm) thickness or, if a full penetration weld is used, the

mate 3ol attachad donc matr avenad tha nmayainal thiclrnace

of the pressure-retaining member or % in. (13 mm),
whichever is less

(b) welds shall be preheated as required by para. 131

(c) welds shall be examined as required by
Table 136.4.1-1

(d) seal welds shall be examined for leakage after
system startup

137.9.4 All weld defect repairs shall be made in accor-
dance with para. 127.4.11.

oot e e a0 51Ot e ot oo e eSS
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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, incllllding,
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
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(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

or dapage—Repet

be traceable to specific components in a piping system.
Additional records may be included as deemed necessary.
(a) procurement documents, including specifications
(b) original service date and original operating param-
eters
(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:

Repetitive-dynamie-events{with-er-without
visual] evidence) should be included when identified by
operdtors or plant personnel (see para. 146).

(k)| actual pipe wall thickness and outside diameter
measfirements taken since the last condition assessment
as appropriate based on service.

() [summary of pipe system inspection findings,
includling list of areas of concern.

(m) recommendations for reinspection interval and
scope.

Gujdance on condition assessment may be found in
Nonmnjandatory Appendix V of this Code.

141 CPS RECORDS

Thé¢ records identified below, when available, shall be
mainfained and accessible for the life of the piping
systems.

141.]1

Coyered piping system records shall consist of, butnot
be limited to,

(a)| any procedures required by para. 139

(b)| any condition assessment documentation required
by pdra. 140

(c)| original, as-built, as-modified,%er‘updated piping
drawings

(d)| original, as-built, as-modified, or updated pipe
suppo¢rt drawings

(e)|results from piping-stress or flexibility analysis

(f) |piping system diagrams [flow, piping and instru-
mentftion (P&IDs), andy/or process diagrams]

(g)| valve and. other inline equipment data used in
original piping design stress analysis

(h)| additional documentation requirements as identi-
fied ip paras: 141.2 through 141.5

(i) |details of specially designed components (refer

General

- Manufacturer's- Material Test Reportsior Certifi-
cate of Conformance
(2) chemical composition data
(3) impact test data
(4) information regarding special procegsing, i.e.,
welding, postweld heat treatment,“mechanical working,
bending including postbending heat treatment, etc.
(e) wall thicknesses fromconstruction or mgintenance
records, including desigh-minimum wall requirements
(f) records of alterations or repairs
(g) summary of:désign requirements
(h) actual operating conditions recorded 3dnd main-
tained to facilitate creep and fatigue evaluationsfof compo-
nents
(i) special coatings, linings, or other designs
sion ‘er-erosion resistance

for corro-

141.3 Installation, Modification, and Repair

Records

Records for pressure-retaining welds in cove
systems shall include, but not be limited to, the

(a) original installation records

(b) repair and modification records

(c) welding procedures and qualification tefts

(d) nondestructive examination reports ([including
radiographs and digital or electronically stpred NDE
reports)

(e) heat treatment performed, includi
temperature charts

red piping
following:

ng time/

141.4 Failure Analysis

The owner is responsible for investigating all[failures in
covered piping systems. A report of the results of this
investigation is to be included in the materipl history
file and, as a minimum, contain the following information:

(a) record of any operating or test experiepce of the

to para. 104.7.2), including details of the design, design
method, dimensions, weight, and materials; details of
the manufacture, fabrication, and welding; and details
of the component examinations

141.2 Materials

The owner shall establish a material history for each
CPS to the extent necessary to permit evaluation and
analysis of an existing condition. The records listed
below are to be included in the material history and
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fatted components or SUpports
(b) any previous failure history of the component
(c) any special conditions (corrosion, extraordinary
loads, thermal excursions, etc.) that may have contributed
to failure
(d) conclusions of damage mechanism and cause of
failure
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141.5 Restoration After Failure

The owner is responsible for documenting actions taken
to restore failed components, including

(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

144 CPS WALKDOWNS

The Operating Company shall develop and implement a
program requiring documentation of piping supportread-
ings and recorded piping system displacements. Guide-
lines 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 condition assess-

142 PIPING AND PIPE-SUPPORT MAINTENANCE
PROGRAM AND PERSONNEL REQUIREMENTS

142.1 Maintenance Program

The majntenance program shall adhere to the require-
ments of jparas. 138 through 141 and 144. For further
guidelinef regarding the maintenance program, refer

to Nonmandatory Appendix V, para. V-5.1.

142.2 Pe

142.2.1 Only qualified personnel shall be responsible
for execufling 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 c4
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| Welding and Heat Treatment Personnel

(a) Welders shall be qualified to approved welding
procedurges. Qualification of weld progeduires and the
qualification performance of the welder shall be in accor-
dance with the requirements of para..127.5.

(b) Qualified personnel shall"perform preheat and
postheat freatment operatioisyas described in the re-
quirements of paras. 131 _and*132.

142.2.4 Examination) Inspection, and Testing Per-
sonnel. Qpalified personnel shall perform nondestructive
examinations (NDE)/including visual inspections and leak
tests (LT[), imaccordance with the requirements of
para. 136

ment 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 yibra-
tions, and malfunctioning supports -on the pfiping
system’s integrity and safety. Significant displacgment
variations from the expected ,design displacements
shall be considered to assess thepiping system’s int¢grity.
Subsequent evaluations and-eprrective actions may neces-
sitate activities such as detailed examinations of cfitical
weldments and supportadjustments, repairs, and replace-
ment of individual supports and restraints.

145 MATERIAL DEGRADATION MECHANISM$

Creep is'Stress-, time-, temperature-, and matferial-
dependént plastic deformation under load. Stress allow-
ablesfor materials having time-dependent propertigs are
poted with italics in Mandatory Appendix A. Malterial
stress rupture or creep properties govern the stress gllow-
ables within this temperature regime and may be impor-
tant in the piping system evaluation.

The Operating Company shall develop and implement a
program requiring data collection and evaluation of{high-
priority areas for CPS materials operating in the creep
range. Guidelines provided in Nonmandatory Appendix
V, para. V-13 may be used for this program, which
may also include non-CPS piping operating ip the
creep regime.

Although creep is a common mechanism of material
degradation for many CPS, other damage mechanisms
may also require consideration by the Operpting
Company. Additional guidance on potential damage
mechanisms is provided in Nonmandatory Appenfix V,
paras. V-12 and V-13, as well as in ASME BPVC,
Section II, Part D, Nonmandatory Appendix A; ASME
BPVC, Section III, Nonmandatory Appendix W; anid API

143 REPAIR OF CPS

Repairs to CPS shall be performed in accordance with
the ASME B31.1 Code of record used for the original
construction or to a later edition of the ASME B31.1
Code as agreed on by the owner and the jurisdictional
authority if applicable.
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570.

146 DYNAMIC LOADING

For those dynamic events identified in para. 140(j),
document the following, as appropriate:

(a) date, time, and preceding operating conditions (as
available)

(b) the nature and location of any damage

(c) the results of any investigation
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(d) the results of any analysis or NDE performed

(e) the acceptability of any effects or any corrective
action taken, e.g., changes in operating procedure,
changes in system design or piping supports and
restraints, and any repairs or replacements

149 RERATING PIPING SYSTEMS
149.1 Uprating Piping Systems

as long as reconciliation of the differences in the Codes
is completed (in accordance with para. 123.1.7). Once
the specific Code is chosen for the uprating, it shall be
followed in its entirety, taking into consideration the
current condition of the piping system and the condition
itis projected to be in at the end of its life. Documents and
forms produced in support of uprating shall be preserved
for the service life of the piping system. The owner is
responsible for verifying that the uprated piping
cuctam maatc all tha i

A piping system is uprated by increasing the design
presqure and/or the design temperature. The piping
system uprating may be based on the original Code of
construction or a later edition/addenda of that Code,

syste regiirements—efthe-ehgsen Code
and the jurisdictions. Guidance on some @spects may
be found in Nonmandatory Appendix V{para.[V-13.

119


https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

ASME B31.1-2020

MANDATORY APPENDICES

MANDATORY APPENDIX A
ALLOWABLE STRESS TABLES

120



https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

ASME B31.1-2020

TABLE STARTS ON NEXT PAGE

121



https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

ASME B31.1-2020

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 ) 60 35 1.00
A106 A C-Si 1 £2) A8 30 1.00
C-Si 1 (2) 60 35 1.00
C-Si 1 2 70 40 1(00.
A179 C 1 (1) (2) (5 (47) 26 1.00
A192 C-Si 1 ) (5) (47) 26 1.00
A210 A-1 C-Si 1 (2) 60 37 1.00
C C-Mn-Si 1 (2) 70 40 1.00
A333 1 C-Mn 1 1) 55 30 1.00
6 C-Mn-Si 1 60 35 1.00
A369 FPA C-Si 1 (2) 48 30 1.00
FPB C-Mn 1 (2) 60 35 1.00
API 5L A C 1 1)@ (14) 48 30 1.00
B C-Mn 1 (1 (2) (14) 60 35 1.00
Furnace Bytt Welded Pipe
A53 F C 1 4) 48 30 0.60
API 5L A25 [&1I C 1 (1) 4) (14) 45 25 0.60
Electric Refistance 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) (2) 48 30 0.85
B C-Mn 1 1)@ 60 35 0.85
A178 A C 1 (2) (5) (47) 26 0.85
C C 1 (2) 60 37 0.85
A214 C 1 (1) (2) (5 (47) 26 0.85
A333 1 C-Mn j 1) 55 30 0.85
6 C-Mn-Si 1 60 35 0.85
API 5L A25 [&11 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

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 17.1 17.1 17.1 17.1 17.1 15.6 13.0 108 B
13.7, 137 13 7 137 13 7 137 13 7 12 C 10 7 Q32 A A106
17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8
20.0] 20.0 20.0 20.0 20.0 20.0 19.8 183 14.8 12.0
13.4 13.4 13.4 13.4 13.4 13.3 12.8 12.4 10.7 9.2 .. A179
13.4 13.4 13.4 13.4 13.4 13.3 12.8 12.4 10.7 9.0 .. A192
17.1 171 171 171 171 171 17.1 156 13.0 108 A-1 A210
20.0 20.0 20.0 20.0 20.0 20.0 19.8 183 14.8 120 C
15.7] 15.7 15.7 15.7 15.7 15.3 14.8 1 A333
171 171 171 171 171 171 17.1 156 6
13.7] 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.0 FPA A369
17.1 17.1 17.1 17.1 17.1 17.1 17.1 156 13.0. 10.8 FPB
13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.0 A API 5L

17.1 17.1 17.1 17.1 17.1 17.1 17.1 156 13.0 108 B

Furnace Butt Welded Pipe
8.2 8.2 8.2 8.2 8.2 8.2 8.2 7.5 A53

7.7 7.7 7.7 7.7 A25 API 5L

Electric Resistance Welded Pipe and Tube

11.7| 11.7 11.7 11.7 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 13.3 11.1 9.2 B

11.7] 11.7 11.7 117 11.7 11.7 11.7 10.6 9.1 79 A A135
14.6] 14.6 14.6 146 14.6 14.6 14.6 13.3 11.1 9.2 B

11.4 11.4 4 11.4 11.4 11.3 10.9 10.5 9.1 7.7 A A178
14.6] 14.6 146 14.6 14.6 14.6 14.6 13.3 11.1 9.2 C

11.4 114 11.4 11.4 11.4 11.3 10.9 10.5 9.1 78 .. A214
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 78 .. 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 1 @ 55 30 0.80
A283D C 1 [V )] 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) (14) 48 30 0.90
B C-Mn 1 (1) (2) (14) 60 35 0.90
A671 CA55 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) (2) 55 30 0.90
CAS55 21,22,31,32 C 1 1) @) 55 30 1.00
A671 CB60 10, 13 C-Si 1 (1y'(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 €=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; 30,733 C-Si 1 (1) (2) 70 38 0.90
CB70 215322y 31, 32 C-Si 1 (1) (2) 70 38 1.00
A671 CC60 10, 13 C-Mn-Si 1 (1) (2) (15) 60 32 0.90
CC60 11, 12 C-Mn-Si 1 (1) (2) (15) 60 32 1.00
CC60 20, 23, 30, 33 C-Mn-Si 1 1)@ 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 1 (1) (2) (I5) 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@ 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 (1D (2) 70 38 0.90
CC70 21, 22, 31, 32 C-Mn-Si 1 (D) (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 Al134
11.4 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] 13.7 137 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 A134
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 86 A285C
11.0] 11.0 11.0 11.0 11.0 11.0 11.0 10.0 8.6 74 A A139
13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 104 86 B
12.3 12.3 12.3 12.3 12.3 12.3 12.3 11.3 9.6 83 A API 5L
15.4 15.4 15.4 15.4 15.4 15.4 15.4 14.0 11.7 9.7 (B
141 14.1 141 14.1 141 13.8 13.3 129 11.7 9.7 CA55 A671
15.7] 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 10.8 CA55
14.1 14.1 14.1 14.1 14.1 13.8 13.3 129 117 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 A671
17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 CB60
15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CB60
17.1 171 171 171 171 16.4 15.8 15.3 13.0 10.8 CB60
16.7| 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CB65 A671
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CB65
16.7] 16.7 16.7 16.7 16.7 6.1 15.6 15.0 12.5 10.3 CB65
18.6] 18.6 18.6 18.6 186 179 17.3 16.7 139 11.4 CB65
18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CB70 A671
20.0 20.0 20.0 200 20.0 19.4 18.8 18.1 14.8 12.0 CB70
18.0 18.0 18.0 18,0 18.0 17.5 16.9 16.3 13.3 108 CB70
20.0 20.0 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 A671
17.1] 171 17.1 171 171 16.4 15.8 15.3 13.0 10.8 CC60
15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CC60
17.1 171 171 171 171 16.4 15.8 15.3 13.0 10.8 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 13.9 114 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 18.6 179 17.3 16.7 13.9 11.4 CC65
18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 133 108 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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Specified Specified
Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
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 50 090
CD70 11, 12 C-Mn-Si 1 (1) (2) (15) 70 50 1.00
CD70 20, 23, 30, 33 C-Mn-Si 1 13 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 o 1 (1) (2) (15) 45 24 0.90
A45 11, 12 C 1 (1) (2) (15) 45 24 1.00
A45 20,23,30,33 C 1 1) (2) 45 24 0.90
A45 21, 22, 31, 32 C 1 1) (2) 45 24 1.00
A672 A50 10, 13 C 1 @3.12) (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 C 1 (1) (2) (15) 55 30 0.90
A55 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 o 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 6-96
B65 11, 12 C 1 (1) (2) (15) 65 35 1.00
B65 20, 23, 30, 33 C 1 1) 2 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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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 II\;o.
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
214 21.4 21.4 214 21.4 20.4 19.8 19.1 157 12.6  CK75
18.0 18.0 17.7 17.6 17.6 17.6 17.6 CD70 A671
20.0] 20.0 19.7 19.5 19.5 19.5 19.5 CD70
18.0 18.0 17.7 17.6 17.6 17.6 17.6 CD70
20.0] 20.0 19.7 19.5 19.5 19.5 19.5 CD70
20.6 20.6 20.3 20.1 20.1 20.1 20.1 CD80 A671
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 Ch80
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 A672
12.9 129 129 129 129 12.3 119 11.5 10.7 9.0 A45
11.6| 11.6 11.6 11.6 11.6 11.0 10.7 10.3 9:6 81 A45
12.9 12.9 12.9 12.9 12.9 12.3 11.9 11.5 107 9.0 A45
12.9 129 129 12.9 129 12.4 12.0 11.3 10.1 86 A50 A672
14.3 14.3 14.3 14.3 14.3 13.8 13.3 125 11.2 9.6 A50
12.9 12.9 12.9 12.9 12.9 12.4 12.0 11.3 10.1 86 A50
14.3 14.3 14.3 14.3 14.3 13.8 133 12.5 11.2 9.6 A50
14.1] 14.1 14.1 14.1 14.1 13.8 13.3 129 10.9 9.2 A55 A672
15.7 15.7 15.7 15.7 15.7 153 14.8 14.3 12.1 10.2  A55
14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 A55
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2  A55
141 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 B55 A672
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 B55
14.1 14.1 14.1 141 14.1 13.8 13.3 12.9 10.9 9.2 B55
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 B55
15.4 15.4 154 15.4 15.4 14.7 14.2 13.7 11.7 9.7 B60 A672
17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 B60
15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 B60
17.1 171 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 B60
16.7 1677 167 1677 167 16t 1576 156 125 +6-3—B65 AG72
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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Table A-1 Carbon Steel (Cont’d)

ASME B31.1-2020

Specified Specified
Minimum Minimum E
Spec. Nominal P- Tensile, Yield, or
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 1) (2 55 30 0.90
C55 21, 22,31, 32 C 1 M@ 55 30 1.00
A672 C60 10, 13 C 1 (1) (2) (15) 60 32 0.90
€60 11, 12 C 1 (1) (2) (15) 60 32 100
C60 20, 23, 30, 33 C 1 1) (2 60 32 0.90
C60 21, 22, 31, 32 C 1 1) (2) 60 32 1.00
A672 C65 10, 13 o 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 (1Y (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 (€SN E))] 70 50 0.90
D70 21, 22, 31, 32 C-Mn-Si 1 (€3N 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 M3 80 60 0.90
D80 21, 22 €=Mn-Si 1 M3 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, 237 30,733 C-Mn-Si 1 1) (2) 75 40 0.90
N75 21522y 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 13 70 50 1.00
A691 CMSH-80 10, 13 C-Mn-51 T (T (15) 80 60 0.90
CMSH-80 11, 12 C-Mn-Si 1 (1) (15) 80 60 1.00
CMSH-80 20, 23 C-Mn-Si 1 13 80 60 0.90
CMSH-80 21, 22 C-Mn-Si 1 (3N E)] 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)@ 75 40 0.90
CMS-75 21, 22, 31, 32 C-Mn-Si 1 1) (2 75 40 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 II\;o.
Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)
14.1 14.1 14.1 14.1 14.1 13.8 13.3 129 10.9 9.2 C55 A672
15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 C55
14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 (55
15.7 15.7 15.7 15.7 15.7 15.3 148 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 A672
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 €60
17.1 17.1 17.1 17.1 171 16.4 15.8 15.3 13.0 10.8 C60
16.7| 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 C65 A672
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 C65
16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 ,C65
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 (C65
18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 1.8 C70 A672
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 16.3 133 108 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 A672
20.0 20.0 19.7 19.5 19.5 19.5 19.5 D70
18.0 18.0 17.7 17.6 17.6 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 20.1 20.1 20.1 D80 A672
22.9 229 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
22.9 229 22.6 22.3 2273 22.3 22.3 D80
19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 N75 A672
21.4 214 21.4 214 21.4 20.4 19.8 19.1 157 12.6  N75
19.3 19.3 19.3 19,3 19.3 18.4 17.8 17.2 14.1 11.3 N75
21.4 214 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6  N75
18.0 18.0 17.7 17.6 17.6 17.6 17.6 CMSH-70 A691
20.0 20.0 19.7 19.5 19.5 19.5 19.5 CMSH-70
18.0 18.0 17.7 17.6 17.6 17.6 17.6 CMSH-70
20.0 20.0 19.7 19.5 19.5 19.5 19.5 CMSH-70
20.6 20.6 20.3 Z0.1 Z0.1 Z0.1 Z0.1 CMSH-80 A6IT
229 229 22.6 22.3 22.3 22.3 223 CMSH-80
20.6 20.6 20.3 20.1 20.1 20.1 20.1 CMSH-80
22.9 229 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
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Table A-1 Carbon Steel (Cont’d)

ASME B31.1-2020

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 an 58 36 0.92
A283 A C 1 (R 45 24 0,92
B C 1 IV 50 27 092
C C 1 [N )] 55 30 0.92
D C 1 1) (™ 60 33 0.92
A285 A C 1 (2) 45 24 1.00
B C 1 3 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 () 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 G-Si 1 (2) 70 36 1.00
A181 60 C-Si 1 (2) 60 30 1.00
70 C-Si 1 (2) 70 36 1.00
A350 LF2 C-Mn-Si 1 (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 ) 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 (2) (6) 70 40 0.80
Bars and Shapes
A36 C-Mn-Si 1 1) (2 58 36 1.00
A992 C-Mn-Si 1 1) @) 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 A36
11.8 11.8 11.8 11.8 11.8 11.3 10.9 A A283
13.1] 13.1 13.1 13.1 13.1 12.7 12.3 B
14.5 14.5 14.5 14.5 14.5 14.1 13.6 C
15.8 15.8 15.8 15.8 15.8 15.5 15.0 D
12.9 129 129 129 129 12.3 11.9 11.5 10.7 83 A285
14.3 14.3 14.3 14.3 14.3 13.8 13.3 12.5 11.0 94 B
15.7, 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 10.8 SC
214 214 214 214 21.4 20.4 19.8 19.1 15.7 126 A299
214 21.4 21.4 21.4 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 10.8 60 A515
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 65
20.0 20.0 20.0 20.0 20.0 19.4 18.8 181 14.8 126 70
15.7 15.7 15.7 15.7 15.7 15.3 14,8 14.3 13.0 10.8 55 A516
17.1] 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 108 60
18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 65
20.0 20.0 20.0 20.0 20.0 10.4 18.8 18.1 14.8 120 70
Forgings
20.0 20.0 20.0 20.0 19:6 18.4 17.8 17.2 14.8 12.0 A105
17.1 17.1 17.1 171 16.3 15.3 14.8 14.3 13.0 10.8 A181
20.0] 20.0 20.0 200 19.6 18.4 17.8 17.2 14.8 12.0
20.0 20.0 200 20.0 19.6 18.4 17.8 17.2 14.8 12.0 LF2 A350
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 A234
20.0 20.0 20.0 20.0 20.0 20.0 19.8 183 14.8 12.0 WPC
Castings
13.7 13.7 13.7 13.7 13.0 12.2 11.8 11.4 10.4 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 15.6 13.0 10.8 A36
18.6 18.6 18.6 18.6 18.6 18.6 18.6 16.9 13.9 11.4 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 designing piping compone
t manufactured in accordance with referenced standards.

materials listed are classified as ferritic (see Table 104.1.2-1).
bulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength gov:
on of stresses.

ra. 124.1.2 for lower temperature limits.

MATERIAL IS NOT ACCEPTABLE FOR CONSTRUCTION OF PRESSURE-RETAINING PARTS, OF BOILER EXTERNAL PIPING
ES 100.1.2-1 THROUGH 100.1.2-8.

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.

ress values for structural quality plate include a material quality factor.of 0.92. The allowable stresses for ASTM A283 Gradg
A36 plate have been limited to 12.7 ksi.

stress values are permitted only if killed or semikilled steels;are used.

A254 is copper brazed (not welded) steel pipe.

turated steam at 250 psi (406°F), the values given for,400°F may be used.

owable stress values listed in MSS SP-58 for this materialimay 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
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onents
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Table A-2 Low and Intermediate Alloy Steel

Specified Specified

Minimum Minimum E

Spec. Nominal Tensile, Yield, or
No. Grade Type or Class Composition P-No. Notes ksi ksi F

Seamless Pipe and Tube

A213 T2 YCr-Y,Mo 3 60 30 1.00
TS 5Cr-"%Mo 5B 60 30 1.00

T5b 5Cr-%Mo-1%Si 5B 60 30 1.00

A213  T5c 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-%Mo 4 60 30 1j00
T21 3Cr-1Mo 5A 60 30 1{00

T22 2%,Cr-1Mo 5A (5) 60 30 1{00

T91 9Cr-1Mo-V 15E (10) 85 60 1{o0

T91 9Cr-1Mo-V 15E (11) 85 60 1{00

A333 3%Ni 9B €)) 65 35 1{00
! %,cr-%,Ni-Cu-Al 4 €)) 60 35 1|00

y 2%Ni 9A €)) 65 35 1{o0

) 2Ni-1Cu 9A [€N) 63 46 1{o0

A335 P1 c-%Mo ) 55 30 1{oo
2 YCr-Y4Mo 55 30 1{oo

5 5Cr-%Mo 5B 60 30 1{o0

5b 5Cr-Y%Mo-1%Si 5B 60 30 1{00

A335  P5c 5Cr-%Mo-Ti 5B 60 30 1{o0
9 9Cr-1Mo 5B 60 30 1{o0

11 1Y,Cr-Y%Mo-si 4 60 30 1{00

A335 P12 1CreisMo 4 60 32 1joo
21 3Cr21Mo 5A 60 30 1{o0

22 2/,Cr-1Mo 5A (5) 60 30 1{o0

A335 P36 1.15Ni-0.65Cu-Mo-Cb (12) (13) 90 64 1{00
36 1.15Ni-0.65Cu-Mo-Cb . (12) (13) 95.5 66.5 1{oo

91 9Cr-1Mo-V 15E (10) 85 60 1jo0

91 9Cr-1Mo-V 15E (11 85 60 1j00

A369  FP1 c-%Mo 2 55 30 1{00
‘P2 YCr-Y,Mo 55 30 1{00

P5 5Cr-%Mo 5B 60 30 1{00

A369 FP9 9Cr-1Mo 5B 60 30 1.00
FP11 1Y,Cr-"%Mo-Si 4 60 30 1.00

A369  FP12 1Cr-%Mo 4 60 32 1.00
FP21 3Cr-1Mo 5A 60 30 1.00

FP22 2Y%,Cr-1Mo 5A (5) 60 30 1.00

FP91 9Cr-1Mo-V 15E 85 60 1.00

A714 V 2Ni-1Cu 9A €)) 65 46 1.00
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Table A-2 Low and Intermediate Alloy Steel

ASME B31.1-2020

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 17.1 171 171 169 164 16.1 15.7 154 149 145 139 9.2 59 T2 A213
171 171 16.6 16.5 164 16.2 159 15.6 151 14,5 138 109 80 58 4.2 2.9 1.8 1.0 TS5
17.1 17.1 16.6 16,5 164 16.2 159 156 151 14.5 138 109 80 58 42 29 18 10 T5b
17.1 171 16.6 16.5 164 16.2 159 15.6 151 145 138 109 80 58 42 29 18 1.0 T5c A21
17.1 171 16.6 165 164 16.2 159 15.6 15.1 145 13.8 13.0 10.6 7.4 5.0 33 22 15 T9
17.1 171 171 168 16.2 15.7 154 151 148 144 140 136 93 63 42 28 T11
17.1 16.8 16,5 16.5 16,5 163 16.0 158 155 153 149 145 113 72 45 28 T12 A21
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 9.0 7.0 5.5 4.0 T21
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 136 108 8.0 57 38 .. T22
24.3 ?4.3 243 242 241 23.7 234 229 222 213 203 191 178 163 140 103 20> 43 T91
24.3 ?4.3 243 24.2 241 23.7 234 229 222 213 203 19.1 178 163 129 96\ »Z0 43 T91
18.6 18.6 18.6 18.6 18.6 17.5 16.7 3 A33
17.1 171 171 171 171 171 171 4
18.6 18.6 18.6 18.6 18.6 17.5 16.7 7
18.0 9
15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 154 149 145 .. P1 A33
15.7 15.7 15.7 15.7 15.7 15.7 15.7 157 154 149 145 139 9.2 59 .. P2
17.1 17.1 16.6 165 164 16.2 159 156 151 145 138 109580 58 42 29 18 10 P5
17.1 171 16.6 16,5 164 16.2 159 15.6 151 145 138.90.9 80 58 42 29 18 1.0 P5b
17.1 171 16.6 16,5 164 16.2 159 15.6 151 145,138 109 80 58 42 29 18 10 P5c A33
17.1 171 16.6 165 164 16.2 159 156 151 145,138 13.0 106 74 50 33 22 15 P9
17.1 17.1 171 168 16.2 15.7 154 15.1 14.8 144 14.0 136 93 6.3 4.2 2.8 P11
17.1 16.8 16.5 16.5 16.5 163 16.0 15.8.15.5 153 149 145 113 72 45 28 P12 A33
17.1 17.1 16.6 16.6 16.6 16.6 16.6,.16.6 166 166 160 120 90 70 55 4.0 P21
17.1 17.1 16.6 16.6 16.6 16.6 16.6 ¥6.6 16.6 16.6 166 136 108 80 57 38 P22
25.7 $5.7 25.1 25.1 25.1 25...25.1 25.1 P36 A33
27.3 273 26.6 26.6 26.6 266 26.6 26.6 .. P36
24.3 24.3 243 24.2 24A.23.7 234 229 222 213 203 19.1 178 163 140 103 7.0 43 P91l
24.3 ?4.3 24.3 24.2\24.1 23.7 234 229 222 213 203 19.1 178 163 129 96 70 43 P91l
15.7 15.7 152157 15.7 15.7 15.7 15.7 154 149 145 .. FP1 A36
15.7 15.7@5,7 15.7 15.7 15.7 15.7 157 154 149 145 139 92 59 .. FP2
17.1 17116.6 16,5 164 16.2 159 15.6 151 145 138 109 80 58 42 29 18 10 FP5
17.1 17.1 16.6 16.5 164 16.2 159 15.6 15.1 145 13.8 13.0 10.6 7.4 5.0 33 22 15 FP9 A369
17.1 17.1 171 168 16.2 15.7 154 151 148 144 140 136 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 12.0 9.0 7.0 55 4.0 FP21
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 136 108 8.0 57 38 .. FP22
24.3 24.3 243 24.2 24.1 23.7 234 229 222 213 203 191 178 163 129 96 7.0 43 FPI1l
18.6 \' A714
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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-%Mo ME2B @™ 65 35 0.85
CP2 Y Cr-%Mo 1 3) @ () 60 30 0.85
CP5 5Cr-%Mo 5B MEBM@WMm 90 60 0.85
[P5D 5Cr-"/2Mo-Si 5B OISOIOIY) 60 30 0[85
A426 (P9 9Cr-1Mo 5B MmBM@Mm 90 60 0{85
(P11 1Y,Cr-%Mo 4 1 3) @) @) 70 40 0J8s
A426 (P12 1Cr-*4Mo 4 MBM@WMm 60 30 0{85
(P21 3Cr-1Mo 5A MEBM@WMm 60. 30 0{85
[P22 2Y,Cr-1Mo 5A BISIGIOIV) 70, 40 0{85
Electric Repistance Welded Pipe
A333 3%Ni 9B (@) 65 35 0{85
y 2YNi 9A (1) 65 35 0J85
p 2Ni-1Cu 9A (D 63 46 0J85
A714 ¥ E 2Ni-Cu 9A (N 65 46 0{85
Electric Fusion Welded Pipe — Filler Metal Added
A672 165 20, 23, 30, 33 C-"%4Mo 1 2 65 37 0{90
65 21, 22, 31, 32 c-%Mo 1) 2 65 37 1]00
A672 170 20, 23, 30, 33 Cc-%Mo @ @ 70 40 0{90
70 21, 22, 31, 32 C-%Mo @ @ 70 40 100
A672 175 20, 23, 30, 33 c-'4Mo 1 2 75 43 0{90
75 21, 22, 31, 32 C-Y%Mo 1) (2) 75 43 1joo
A691  €M-65 20, 23, 30, 33 ctsMo @@ 65 37 0{90
CM-65 21, 22, 31, 32 C-'4Mo 1 2 65 37 1j00
A691  €M-70 20, 23;.30,33 c-%Mo 1) (2 70 40 0[90
[M-70 21,°227731, 32 C-%Mo @D @ 70 40 1/00
A691  €M-75 20, 23, 30, 33 Cc-%4Mo @ @ 75 43 0{90
[M-75 21, 22, 31, 32 c-%Mo (1) (2) 75 43 1{oo
A691  ER 2023 LoceLoMe 3 353 o5 33 8l90
Y%CR 21, 22 Y% Cr-%Mo (1) (8) 55 33 1.00
20, 23, 30, 33, 40,
Y%CR 43 Y% Cr-%Mo 3 (1) (9) 70 45 0.90
21, 22, 31, 32, 41,
YCR 42 YCr-Y,Mo 3 1 9 70 45 1.00
A691 1CR 20, 23 1Cr-%Mo 4 (1) (8) 55 33 0.90
1CR 21, 22 1Cr-*4Mo 4 @ ® 55 33 1.00
20, 23, 30, 33,
1CR 40, 43 1Cr-"4Mo 4 [ESRC)) 65 40 0.90
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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 15.8 158 15.8 15.8 15.8 15.6 15.2 148 144 .. CP1 A426
14.5 14.5 14.5 145 144 139 13.7 133 13.1 12.7 123 118 78 50 .. CP2
219 21.8 21.2 21.0 209 20.6 203 199 193 185 122 93 68 49 36 25 15 085 CP5
14.6 145141 140 140 138 135 133 129 124 118 93 68 49 36 25 15 085 CP5b

219 21.8 21.2 21.0 209 20.7 203 199 193 185 17.7 140 94 6.3 4.3 28 19 13 CP9 A42
17.0 17.0 17.0 17.0 17.0 17.0 170 17.0 16.7 163 159 116 79 54 3.6 24 .. CP12
14.5 14.3 14.0 13.8 133 129 128 126 124 122 119 116 96 61 38 24 .. €P12 A42
14.5 14.5 14.1 141 141 141 141 141 141 141 136 102 77 60 47 34 .. CP21
17.0 17.0 16.7 16.5 164 163 16.2 16.0 157 152 146 134 97 66 43 2.7 .. CP22

Electric Resistance Welded Pipe
15.8 15.8 15.8 15.8 158 149 142 .. 3 A33
15.8 15.8 15.8 158 15.8 149 14.2 .. 7
158 [.. .. .. \Y% A714

Eléctric Fusion Welded Pipe — Filler Metal Added

16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.6 16.1 .. L65 A67
18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 184 179 .« L65

18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.9 A4 .. L70 A67
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19,9419.3 .. L70

193 193 193 193 193 193 193 193 19.3+19.3 18.7 .. L75 A67
214 ?1.4 214 214 214 214 214 214214 214 20.7 .. L75

16.7 16.7 16.7 16.7 16.7 16.7 16.7°16.7 16.7 16.6 16.1 .. CM-65 A69
18.6 18.6 18.6 18.6 18.6 18.6~18.6 186 186 184 179 .. CM-65

18.0 18.0 18.0 18.0 18.0..18.0 18.0 18.0 18.0 179 174 .. CM-70 A69
20.0 20.0 20.0 20.0 .260~20.0 20.0 20.0 20.0 199 193 .. CM-70

19.3 19.3 19.3419.3 19.3 19.3 19.3 19.3 19.3 193 187 .. CM-75 A69
214 214 2145214 214 214 214 214 214 214 20.7 .. CM-75

14.1 H3+H41+—H41+—H4—H4— 44— 443382 —83—53—— LoER A6S
15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 157 153 143 92 59 .. Y%CR

18.0
18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 180 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 20.0 195 186 92 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 15.1 151 15.1 15.1 15.1 151 151 151 151 14.7 113 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
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)

ASME B31.1-2020

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)
21, 22, 31, 32,
1CR 41, 42 1Cr-*4Mo 4 1) (9) 65 40 1.00
A691  PAER 2623 tHaer=L5Mo=5t 4 5163 66 35 90
Y4CR 21, 22 1Y,Cr-%Mo-Si 4 (1) (8) 60 35 1{00
20, 23, 30, 33,
Y4CR 40, 43 1Y,Cr-Mo-Si 4 (1) (9) 75 45 0/90
21, 22, 31, 32,
Y4.CR 41, 42 1%,Cr-"4Mo-Si 4 1 9 75 45 1{00
A691 RYCR 20, 23 2Y,Cr-1Mo 5A (1) (5) (8) 60, 30 0J90
YCR 21, 22 2%,Cr-1Mo 5A (1) (5) (8) 60, 30 1]00
20, 23, 30, 33,
YCR 40, 43 2Y,Cr-1Mo 5A (1) (5) (9) 75 45 o0[oo
21, 22, 31, 32,
YCR 41, 42 2Y,Cr-1Mo 5A 1 (5) (9 75 45 1{oo
A691  BCR 20, 23 3Cr-1Mo 5A (V(8) 60 30 o0[o0
CR 21, 22 3Cr-1Mo 5A (1)'(8) 60 30 1{oo
20, 23, 30, 33,
CR 40, 43 3Cr-1Mo 5A 1 (9) 75 45 0[o0
21, 22, 31, 32,
CR 41, 42 3Cr-1Mo 5A 1 (9) 75 45 1{oo
A691  $CR 20, 23 5Cr-%Mo 5B (1) (8) 60 30 o0[o0
CR 21, 22 5Cr-4Mo 5B (1) (8) 60 30 1{oo
20, 23, 30, 33,
CR 40, 43 5Cr-"%Mo 5B 1 9) 75 45 0J90
21, 22, 31, 32,
CR 41, 42 5Cry%Mo 5B 1 (9) 75 45 1{oo
A691 91 40, 43, 50, 53 9Cr-1Mo-V 15E 1) (9) 85 60 0[o0
b1 41, 42, 51,52 9Cr-1Mo-V 15E 1) (9) 85 60 1{oo
Plate
A387 1 Y% Cr-%Mo 55 33 1{00
2 Y Cr-"%Mo e8] 70 45 1{00
1 5Cr-"%Mo 5B 60 30 1{oo
2 5Cr-"%Mo 5B €)) 75 45 1{00
A387 1 1 114m- U Ma-Si 4 60 2c 1oo
11 2 1%,Cr-%Mo-Si 4 75 45 1.00
12 1 1Cr-*4Mo 4 55 33 1.00
12 2 1Cr-*4Mo 4 65 40 1.00
A387 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
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)

ASME B31.1-2020

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)

18.6 18.2 179 179 179 179 179 179 179 179 179 174 113 72 4.5 2.8 1CR
154 5454154545454 154545+ 7F 12364573625 +LaeR AGY
17.1 171171 171 171 171 171 171 171 168 164 137 93 63 4 8 1Y,CR
19.3 19.3 19.3 19.3 193 193 193 193 193 193 182 123 84 57 38 25 1v,CR
214 214 214 214 214 214 214 214 214 214 202 137 93 63 4.2 2.8 1Y,CR
154 154 15.0 149 148 14.6 144 142 14.0 13.7 134 13.0 103 7.0 46 29 2Y,CR A69
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 2Y,CR
19.3 193 188 18.6 185 18.3 182 18.0 17.7 174 168 142 103 70 4.6 29 214CR
214 214 209 20.6 20.5 204 20.2 20.0 19.7 19.3 187 158 114 7.8 5.1 3.2 214CR
154 154 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 144 108 81 63\ 50 3.6 3CR A69
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 160 12.0 9.0 A0 55 4.0 3CR
19.3 193 188 18.6 185 183 182 18.0 17.7 174 163 11.8 86" 6.1 4.4 2.9 3CR
214 214 209 20.6 20.5 204 20.2 20.0 19.7 193 181 ‘132 95 6.8 4.9 3.2 3CR
154 154 149 148 148 14.6 143 140 136 131 125 98 72 52 38 26 16 09 5CR A69
17.1 17.1 16.6 16.5 164 16.2 159 15.6 151 145,138 109 80 58 42 29 18 10 5CR
19.3 19.2 18.7 185 185 182 179 17,5 170164 129 98 72 52 38 26 16 09 5CR
214 214 20.8 20.6 20.5 20.2 199 19.5%189 182 143 109 80 58 4.2 29 1.8 10 5CR
219 219 219 218 21.7 21.4_21.0 20.6 20.0 19.2 183 17.2 160 147 126 93 63 38 91 A69
24.3 P43 243 24.2 241 237234 229 222 213 203 191 178 163 140 103 70 43 91

Plate
15.7 15.7 15.7 15.7(15% 15.7 15.7 15.7 15.7 157 153 143 9.2 59 2 A38
20.0 20.0 20.0 20:0-20.0 20.0 20.0 20.0 20.0 20.0 195 186 9.2 59 .. 2
17.1 171 16.6,1655 164 16.2 159 15.6 15.1 145 138 109 80 58 4.2 29 1.8 1.0 5
214 214208 20.6 20.5 20.2 199 195 189 182 143 109 80 58 4.2 29 1.8 10 5
171 7_1 17_1 17_1 17.1 17_1 17‘1 17_1 17_‘1 1[..0 1£./1 1?.7 (]"2 K") /I.') ').Q 11 A2Q
214 214 214 214 214 214 214 214 214 214 202 137 93 63 4.2 2.8 11
15.7 154 15.1 151 15.1 151 151 151 151 151 151 147 11.3 72 45 28 12
18.6 18.2 179 179 179 179 179 179 179 179 179 174 113 72 45 28 12
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 160 120 90 70 55 40 21 A387
214 214 209 20.6 20.5 204 20.2 20.0 19.7 193 181 131 95 6.8 4.9 3.2 21
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 80 57 38 22
214 21.4 209 20.6 20.5 204 20.2 20.0 19.7 193 187 158 114 78 51 32 22
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)

Specified Specified

Minimum Minimum E
Spec. Nominal Tensile, Yield, or
No. Grade Type or Class Composition P-No. Notes ksi ksi F
Plate (Cont’d)
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 Cc-%4Mo 3 ) 70 40 1|00
2 YCr-Y4Mo 3 70 40 1{00
5Cr-%Mo 5B 70 40 1{00
F5a 5Cr-"%Mo 5B 90 65 1{o0
A182  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 Class 1 1Cr-*4Mo 4 60 30 1{00
12 Class 2 1Cr-%Mo 4 70 40 1{o0
21 3Cr-1Mo 5A 75 45 1{o0
22 Class 1 2Y%,Cr-1Mo 5A (5) 60 30 1{00
22 Class 3 2Y,Cr-1Mo 5A (5) 75 45 1{oo
36 Class 1 1.15Ni-0.65Cu-Mo-Cb (12) (13) 90 64 1{00
36 Class 2 1.15Ni-0.65Cu-Mo-Cb (12) (13) 95.5 66.5 1{oo
F9 9Cr-1Mo 5B 85 55 1{o0
F91 9Cr-1Mo-V 15E 85 60 1{00
A336 F1 c-%Mo 3 ) 70 40 1{o0
5 5Cr-"%Mo 5B 60 36 1jo0
F5A 5Cr-"%Mo 5B 80 50 1{o0
F11 Class 1 1Y,Cr-%Mo=Si 4 60 30 1{00
F11 Class 2 1Y,CriY,Mo-Si 4 70 40 ]
F11 Class 3 1¥,0r-%Mo-Si 4 75 45 1{oo
12 1€r-%Mo 4 70 40 1{00
F21 Class 1 3Cr-1Mo 5A 60 30 100
21 Class 3 3Cr-1Mo 5A 75 45 1{oo
22 Class 1 2%,Cr-1Mo 5A (5) 60 30 1{00
22 Cla$s’3 2Y%,Cr-1Mo 5A (5) 75 45 1{o0
F91 9Cr-1Mo-V 15E (10) 85 60 1{o0
F91 9Cr-1Mo-V 15E (11 85 60 1{o0
A350 LF3 3%Ni 9B €)) 70 40 1{o0
| F4 %,Cr-%,Ni-Cu-Al 4 e8] 60 1{00
LF5 Class 1 1%Ni 9A &) 60 30 1.00
LF5 Class 2 1%Ni 9A €Y} 70 37 1.00
LF9 2Ni-1Cu 9A €)) 63 46 1.00
Wrought Fittings (Seamless and Welded)
A234  WP1 c-%Mo 3 ) 55 30 1.00
WP5 Class 1 5Cr-"%Mo 5B 60 30 1.00
WP5 Class 3 5Cr-"%Mo 5B 75 45 1.00
WP9 Class 1 9Cr-1Mo 5B 60 30 1.00
WP11 Class 1 1Y,Cr-"%Mo 4 60 30 1.00
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade ll\;o.
Plate (Cont’'d)
24.3 24.3 243 24.2 241 23.7 234 229 222 213 203 191 178 163 140 103 70 43 091 A387
243 24.3 243 24.2 24.1 23.7 234 229 222 213 203 19.1 178 163 129 96 70 43 91
Forgings
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 19.3 .. F1 A18
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 0.0 19.4 19.2 19.2 189 18.6 182 17.6 17.0 143 109 80 58 4.2 29 1.8 1.0 F5
25.7 25.7 249 24.7 24.6 243 239 234 227 191 143 109 80 58 42 29 1.8 10 _F5a
17.1 17.1 17.1 168 16.2 15.7 154 151 148 144 140 136 93 63 42 28 F11 A18
20.0 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
214 214 214 214 214 214 214 214 214 214 202 137 93 6.3 4.2 2.8 F11
17.1 16.8 16.5 16.5 16.5 16.3 16.0 158 15.5 153 149 145 11.3 7.2 4.5 28 F12
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 F12
214 214 209 20.6 20.5 20.4 20.2 20.0 19.7 193 181 131 9.5 68 49\ 32 F21
17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 136 108 80 (57 3.8 F22
214 ?1.4 209 20.6 20.5 204 20.2 20.0 19.7 193 18.7 158 11.4 ,78\" 51 3.2 F22
25.7 25.7 25.1 25.1 25.1 25.1 25.1 25.1 F36
27.3 273 26.6 26.6 26.6 26.6 26.6 26.6 .. F36
243 P4.2 235 234 233 229 226 221 214 206 196 16410 74 50 33 22 15 F9
243 P43 243 24.2 241 23.7 234 229 222 213 203 192 178 163 140 103 70 43 Fo1
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 193 137 82 48 .. F1 A33
17.1 17.1 16.6 16.5 164 16.2 159 15.6 151 145,138 109 80 58 42 29 18 10 F5
229 228221 22.0 219 21.6 213 20.8 20.2-19.1 143 109 80 58 42 29 18 1.0 F5A
171 171 171 168 16.2 15.7 154 151 14.8~144 140 136 93 6.3 4.2 2.8 F11
20.0 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
214 21.4 214 214 214 214 214 21.4°214 214 202 137 93 63 42 28 F11
20.0 19.6 19.2 19.2 19.2 19.2 19.2\19.2 19.2 19.1 18.6 180 113 72 45 28 .. F12
17.1 17.1 16.6 16.6 16.6 16.6.16.6 16.6 16.6 16.6 160 120 90 70 55 40 27 15 F21
214 ?1.4 209 20.6 20.5 204-20.2 20.0 19.7 193 181 131 95 68 4.9 32 24 13 F21
17.1 17.1 16.6 16.6 16.6. 166 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 57 38 F22
214 214 209 20.6 205-20.4 20.2 20.0 19.7 193 18.7 158 114 78 51 32 .. F22
243 P43 243 24.2\24.1 23.7 234 229 222 213 203 191 178 163 140 103 70 43 Fo1
243 P43 243242 241 237 234 229 222 213 203 191 178 163 129 96 70 43 F91
20.0 20.020,0 20.0 20.0 18.8 17.9 LF3 A35
17.1 17171 17.1 171 171 171 LF4
17.1 16.5 15.7 15.3 15.3 LF5
20.0 19.2 183 17.8 17.8 LF5
18.0 LF9
Wrought Fittings (Seamless and Welded)
15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 154 149 145 .. WP1 A234
17.1 17.1 16.6 16,5 164 16.2 159 15.6 151 145 138 109 80 58 42 29 18 1.0 WP5
214 214 20.8 20.6 20.5 20.2 199 195 189 182 143 109 80 58 42 29 18 1.0 WP5
17.1 171 16.6 16,5 164 16.2 159 15.6 151 145 138 13.0 106 74 50 33 22 15 WP9
171 171 171 168 16.2 15.7 154 151 148 144 140 136 93 6.3 4.2 2.8 WP11
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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
Wrought Fittings (Seamless and Welded) (Cont’d)
WP11 Class 3 1%Cr-",Mo 4 75 45 1.00
WP12 Class 1 1Cr-*4Mo 4 (6) 60 32 1.00
WP12 Class 2 1Cr-*4Mo 4 70 40 1.00
A234  WP22 Class 1 2Y,Cr-1Mo 5A (5) 60 30 100
P22 Class 3 2Y,Cr-1Mo 5A (5) 75 45 1{00
WP91 9Cr-1Mo-V 15E (10) 85 60. 1{00
P91 9Cr-1Mo-V 15E (11) 85 60 100
Castings
A217  WcC1 c-%Mo 3 2) (3) 4 65 35 0J80
wc4 1Ni-%Cr-%Mo 4 (3) (4) 70 40 o[so
wcs 3/, Ni-1Mo-%,Cr 4 (3) 4 70 40 o[so
wce 1Y,Ccr-4Mo 4 (3) (4) 70 40 0J80
A217  WC9 2Y,Cr-1Mo 5A (3) 4 70 40 0{80
[5 5Cr-",Mo 5B (3)\(4) 90 60 0{80
[12 9Cr-1Mo 5B 3) (4) 90 60 o[so
[12A 9Cr-1Mo-V 15E 4 (14) 85 60 0{80
A1091 (91 1 9Cr-1Mo-V 15E 4) (14) 85 60 080
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)

ASME B31.1-2020

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\;o.
Wrought Fittings (Seamless and Welded) (Cont’d)
214 214 214 214 214 214 214 214 214 214 202 137 93 63 4.2 2.8 WP11
17.1 16.8 16.5 16.5 16,5 16.3 16.0 158 155 153 149 145 113 72 4.5 2.8 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 16.6 166 136 108 80 57 3.8 WPp22 A234
214 214 209 20.6 20.5 204 20.2 20.0 19.7 19.3 187 158 114 7.8 5.1 32 . WP22
243 24.3 243 242 24.1 23.7 234 229 222 213 203 19.1 178 163 140 103 70 43 WP9q
24.3 243 24.3 242 241 23.7 234 229 222 213 203 191 178 163 129 96 70 43 _WRI1
Castings
149 149 149 149 149 149 149 147 143 139 135 .. WC1 A21
16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 154 120 74 4.7 WC4
16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 154 130 88 55 37 22 WC5
16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 158 154 150 11.0 74 50 34, 22 wcCe
16.0 16.0 158 15,5 154 154 153 15.0 148 143 138 126 91 62 41 26 .. wCo A21
20.6 0.6 199 19.8 19.7 194 19.1 187 182 153 114 87 64 ,46 34 23 14 08 C5
20.6 20.6 199 19.8 19.7 194 19.1 187 182 174 166 131 88, 59 40 26 18 12 (12
19.4 194 189 182 17.6 17.1 168 16.5 16.2 158 153 14.8 142v"114 9.1 70 52 34 Cl12A
19.4 194 189 182 17.6 171 168 16.5 16.2 158 153 148 142 114 9.1 70 52 34 (91 A1091
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ASME B31.1-2020

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 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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The tgbulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength gov

The njaterial quality factors and allowable stress values for these materials may be increased in accordance with para. 102.4.¢.
For ude at temperatures above 850°F, the carbon content of the base material and, where\applicable, weld filler metal shall be 0.

t manufactured in accordance with referenced standards.
materials listed are classifed as ferritic (see Table 104.1.2-1).

on of stresses.
ra. 124.1.2 for lower temperature limits.

MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1:2¥1 THROUGH 100.1.2-
prolonged exposure to temperatures above 800°F (427°C), the carbide phase of carbon-molgbdenum steel may be conve
te.

allowable stress values apply to normalized and tempered material only.

. See para. 124.2(d).

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.

[)], 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

have concern that the higher 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

operation by, conservative startup, shutdown, and turndown practices.
ditional requirements for this material, see para. 125.1.

[Te—Temperature ratings ol piping COMpONENTs, as published 1N standards referenced 1 this Code, may De used for comppnents
g the requirements of those standards. The allowable stress values given in this Table are for use in designing piping componeénts that

brn the

B.
rted to

5% or

M A234 Grade WP12 fittings are made from ASTM A387 Grade 12 Class 1 plate, the allowable stress values shall be reduced by the ratio
divided by 60 in the temperature range -20°F through 850°F. At 900°F, through 1,100°F, the values shown may be used.
The mjutual quality factor for centrifugally cast pipe (0.85) is based on all surfaces being machined, after heat treatment, to a surface f

nish of

te weld procedure and performance qualifications shalkapply for both classes of this material. The postweld heat treatment ghall be

ONARY NOTE: Corrosion fatigue occurs by the.conibined actions of cyclic loading and a corrosive environment. In piping systems,
ion fatigue is more likely to occur in portions of water systems with low strain rates (<1.0%/sec), higher temperatures [abovd 300°F

hnisms
erside
erside
lwater-
himum

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 steels,

res by
ign by

izinglocalized straih Concentrations, in control of water chemistry and during lay-up by limiting dissolved oxygen and pH excufrsions,
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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 S$30400 18Cr-8Ni 8 (9) (10) 75 30 1.00

TP304H S30409  18Cr-8Ni 8 .. 75 30 1.00

304H S30409  18Cr-8Ni 8 (9 75 30 1.00

A213 TP304L S$30403 18Cr-8Ni 8 (1) 70 25 1.00

TPP304L S30403  18Cr-8Ni 8 (1)(9) 70 25 1.00

TPP304N S30451  18Cr-8Ni-N 8 (10) 80 35, 1.00

TPP304N S30451  18Cr-8Ni-N 8 (9)(10) 80 35 1.00

A213 S30815  21Cr-11Ni-N 8 (1) 87 45 1.00

$30815  21Cr-11Ni-N 8 (1) (9) 87 45 1.00

A213 TPP309H S30909  23Cr-12Ni 8 (9) 75 30 1.00

TIP309H S30909  23Cr-12Ni 8 .. 75 30 1.00

TPP310H S31009  25Cr-20Ni 8 (9) 75 30 1.00

TP310H $31009 25Cr-20Ni 8 75 30 1.00

A213 TP316 S31600  16Cr-12Ni-2Mo 8 (10) 75 30 1.00

TP316 S31600  16Cr-12Ni-2Mo 8-1(9) (10) 75 30 1.00

TPP316H S$31609  16Cr-12Ni-2Mo 8" .. 75 30 1.00

TP316H $31609 16Cr-12Ni-2Mo 8 (9) 75 30 1.00

A213 TPP316L S31603  16Cr-12Ni-2Mo 8 (1) (29) 70 25 1.00

TPP316L S31603  16Cr-12Ni-2Me 8 (1) (9) (29 70 25 1.00

TPP316N S31651  16Cr-12Ni-ZMo-N 8 (10) 80 35 1.00

TPP316N S31651  16Cf-12Ni-2Mo-N 8 (9)(10) 80 35 1.00

A213 TP316Ti S31635 16Cr-12Ni-2Mo-Ti 8 (10) 75 30 1.00

TPP316Ti S31635~" 16Cr-12Ni-2Mo-Ti 8 (9)(10) 75 30 1.00

TP317 S31700  18Cr-13Ni-3Mo 8 (1) (10) 75 30 1.00

TP317 §31700  18Cr-13Ni-3Mo 8 (1) (9) (10) 75 30 1.00

TP317L S31703 18Cr-13Ni-3Mo 8 (1) 75 30 1.00

TPP317L S31703  18Cr-13Ni-3Mo 8 (1)) 75 30 1.00

A213 TP321 §32100  18Cr-10Ni-Ti 8 (10) 75 30 1.00

TP32% 532106—H8Er—1toN—Tt 8—tH163 75 36 106

TP321H S$32109 18Cr-10Ni-Ti 8 .. 75 30 1.00

TP321H $32109  18Cr-10Ni-Ti 8 (9 75 30 1.00

A213 TP347 S34700  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

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Seamless Pipe and Tube: Austenitic
20.0 16.7 15.0 13.8 129 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 10.1 9.8 7.7 6.1 TP304 A213

20.0 20.0 189 183 17.5 16.6 16.2 15.8 15.5 152 149 14.6 143 140 124 98 77 61 TP304
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 TP304H
20.0] 20.0 189 183 17.5 16.6 16.2 15.8 15.5 15.2 149 14.6 143 140 124 98 77 6.1 TP304H

16.7( 143 12.8 11.7 109 10.4 10.2 10.0 9.8 9.7 .. .. TP304L A213
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 12.5 123 12.1 11.8 11.6 11.3 11.0 9.8 77 6.1 ~TP304N
229| 229 21.7 203 189 179 175 17.2 169 16.6 163 16.0 156 152 124 98 7.7 61~ TP304N

249| 247 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 162 149 116 9.0 69 52 .. A213
249| 24.7 233 224 218 214 21.2 21.0 20.8 20.6 20.3 20.0 19.1 149 116 9.0¢,.69 52

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 40 TP309H A213
20.01 17.5 16.1 15.1 144 139 13.7 13.5 13.3 13.1 129 12.7 125 123 1030 76 55 40 TP309H
20.01 20.0 20.0 199 19.3 185 18.2 179 17.7 174 17.2 169 16.7 138 103 76 55 40 TP310H
20.0] 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 125 123 42.%" 103 76 55 4.0 TP310H

20.0] 17.3 15.6 143 13.3 12.6 123 12.1 119 11.8 11.6 11.5 ¥4 113 11.2 111 98 74 TP316 A213
20.01 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15:6,15.4 153 151 124 98 74 TP316
20.01 17.3 15.6 14.3 13.3 12.6 123 12.1 119 11.8 11.6\15 114 113 11.2 111 98 74 TP316H
20.01 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15y 15.6 154 153 151 124 98 74 TP316H

16.7( 14.1 12.7 11.7 109 10.4 10.2 10.0 9.839%6 94 92 90 88 86 84 83 64 TP316L A213
16.7] 16.7 16.0 15.6 14.8 14.0 13.8 13.5 1322/13.0 12.7 124 121 119 116 114 88 64 TP316L
229 20.7 19.0 17.6 16.5 15.6 15.2 149145 14.2 139 13.7 134 132 129 123 98 74 TP316N
229 229 22.0 21.5 21.2 21.0 20.5( 20.0 19.6 19.2 188 18.5 181 178 158 123 98 74 TP316N

20.0] 17.7 15.8 14.3 13.2 12.4.12.2 12.0 119 118 11.7 11.6 11.5 114 112 11.0 98 74 TP316Ti A213
20.01 20.0 20.0 19.4 17.8~168 16.5 16.2 16.0 159 15.8 15.7 155 153 151 123 98 74 TP316Ti
20.01 17.3 15.6 14.3 133.12.6 123 12.1 119 118 11.6 11.5 114 113 112 111 98 74 TP317
20.01 20.0 20.0 19.3,/18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 TP317

20.0] 17.0 15.2 4.0 13.1 12,5 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| 48.0/16.5 15.3 143 13.5 13.2 13.0 12.7 12.6 124 123 121 120 96 69 50 3.6 TP321 A213

20.0 —26-—19-+8-7 871831+~ 51F2 69676564162 96 6-9—56—36—TFP32t
20.0 180 16.5 153 143 13.5 13.2 13.0 12.7 12.6 124 123 121 12.0 119 91 6.9 54 TP321H
20.0 20.0 19.1 187 18.7 183 179 17.5 17.2 169 16.7 16.5 164 16.2 123 9.1 6.9 54 TP321H

20.0 184 171 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1 44 TP347 A213
20.0 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 44 TP347
20.0 184 171 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 7.9 TP347H
20.0 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 164 16.2 141 10.5 7.9 TP347H
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Table A-3 Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E

Spec. Type or Alloy Nominal P- Tensile, Yield, or

No. Grade 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 $34800 18Cr-10Ni-Cb 8 (9) (10) 75 30 1.00

TP348H S34809  18Cr-10Ni-Cb 8 .. 75 30 1.00

348H S34809  18Cr-10Ni-Cb 8 (9 75 30 1.00

A312 . N08904  44Fe-25Ni-21Cr-Mo 45 (1) 71 31 1,00

TP304 $30400 18Cr-8Ni 8 (10) 75 30 1.00

TP304 S30400  18Cr-8Ni 8 (9) (10) 75 B0 1.00

TPP304H S30409  18Cr-8Ni 8 .. 75 30 1.00

TPP304H S30409  18Cr-8Ni 8 (9) 75 30 1.00

A312 TP304L S$30403 18Cr-8Ni 8 (1) 70 25 1.00

TP304L S30403 18Cr-8Ni 8 (1) 70 25 1.00

TPP304N S30451  18Cr-8Ni-N 8 (10) 80 35 1.00

TPP304N S30451  18Cr-8Ni-N 8 (9) (10) 80 35 1.00

A312 . S30815 21Cr-11Ni-N 8 (1) 87 45 1.00

$30815  21Cr-11Ni-N 8 (1) (9) 87 45 1.00

A312 TIP309H S30909  23Cr-12Ni 8 (9 75 30 1.00

TIP309H S30909  23Cr-12Ni 8 _\. 75 30 1.00

TPP310H S$31009  25Cr-20Ni 87, (9) 75 30 1.00

TP310H $31009 25Cr-20Ni 8 75 30 1.00

A312 TP316 S31600  16Cr-12Ni-2Mo 8 (10) 75 30 1.00

TP316 S$31600  16Cr-12Ni-2Mo 8 (9) (10) 75 30 1.00

TPP316H S$31609  16Cr-12Ni;2Mo 8 . 75 30 1.00

TIP316H S31609  16Cr-12Ni-2Mo 8 (9) 75 30 1.00

A312 TP316L S31603  16Cy-12Ni-2Mo 8 (1) (29) 70 25 1.00

TP316L $31603 ( 16Cr-12Ni-2Mo 8 (1)) (29 70 25 1.00

TP316N S$31651 ) 16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00

TPP316N $31651  16Cr-12Ni-2Mo-N 8 (9) (10) 80 35 1.00

A312 TP317LMN .. S31726  19Cr-15.5Ni-4Mo 8 (1) 80 35 1.00

TP317LMN | = S§31726  19Cr-15.5Ni-4Mo 8 (1)) 80 35 1.00

TP316Ti S§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

A312 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 S§31703  18Cr-13Ni-3Mo 8 . 75 30 1.00

TP317L S31703  18Cr-13Ni-3Mo 8 (9) 75 30 1.00

A312 TP321 S$32100 18Cr-10Ni-Ti 8 (10) (30) 75 30 1.00

TP321 §32100  18Cr-10Ni-Ti 8 (9) (10) (30) 75 30 1.00

TP321H $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)
200 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 134 121 9.1 6.1 4.4 TP348 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 13.4 134 134 134 133 105 79 TP348H
20.0] 20.0 18.8 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 11.6 114 .. 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 15.8 15.5 152 149 14.6 143 140 124 98 77 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
20.01 20.0 189 183 17.5 16.6 16.2 158 155 15.2 149 14.6 143 14.0 124 98 7.7 s 6.1V TP304H

16.7( 14.3 12.8 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 12,5 123 121 118 11.6 113 11.0 &8 77 61 TP304N
229| 229 21.7 203 189 179 17.5 17.2 169 16.6 163 16.0 156 152 124, 98 77 61 TP304N

249| 24.7 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 162 149 16 90 69 52 .. A312
249| 24.7 233 224 218 214 21.2 21.0 20.8 20.6 20.3 20.0 19.1 149116 9.0 69 52

20.0| 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 169138 103 7.6 55 40 TP309H A312
20.01 17.5 16.1 15.1 14.4 139 13.7 13.5 13.3 13.1 129 12.7\125 123 103 76 55 40 TP309H
20.01 20.0 20.0 199 19.3 185 18.2 179 17.7 174 17.2.16.9 16.7 138 103 7.6 55 40 TP310H
20.0] 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7-42.5 123 121 103 76 55 4.0 TP310H

20.0] 17.3 15.6 14.3 133 12.6 123 12.1 119 1n8-11.6 11.5 114 113 11.2 111 98 74 TP316 A312
20.01 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16A\159 15.7 15.6 154 153 151 124 98 74 TP316
20.01 17.3 15.6 14.3 13.3 12.6 123 12.1 11197118 11.6 11.5 114 113 112 111 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( 14.2 12.7 11.7 109 104 10.2y100 98 96 94 92 90 88 86 84 83 64 TP316L A312
16.7] 16.7 16.7 15.7 14.8 14.0 137 13.5 13.2 129 12.7 124 121 119 116 114 88 64 TP316L
229 20.7 19.0 17.6 16.5_15.6 152 149 145 14.2 139 13.7 134 132 129 123 98 74 TP316N
229| 229 22.0 21.5 21%2\21.0 20.5 20.0 19.6 19.2 18.8 185 181 178 158 123 98 74 TP316N

229] 20.0 179 163753 14.6 .. .. TP317LMN A312
229] 21.8 20,9205 20.3 19.7 .. .. TP317LMN
200 17.7 4587143 13.2 124 12.2 12.0 119 118 11.7 11.6 115 114 112 11.0 98 74 TP316Ti
20.01 20:0.°20.0 19.4 17.8 16.8 16.5 16.2 16.0 159 158 15.7 155 153 151 123 98 74 TP316Ti

20.0 17.3 15.6 14.3 13.3 12.6 123 12.1 119 118 11.6 115 114 113 112 111 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 19.1 187 18.7 183 179 17.5 17.2 169 16.7 16,5 164 162 96 69 50 3.6 TP321
20.0 180 16.5 153 143 13.5 13.2 13.0 12.7 12.6 124 123 121 12.0 119 9.1 6.9 54 TP321H
20.0 20.0 19.1 18.7 187 183 179 17.5 17.2 169 16.7 16.5 164 16.2 123 9.1 6.9 54 TP321H

149


https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

ASME B31.1-2020

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)

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 S$32109  18Cr-10Ni-Ti 8 (31) 70 25 1.00

32TH S32709  18Cr-10Ni-Ti 8 (9) (31) 70 25 1.00

A312 TP347 S34700  18Cr-10Ni-Cb 8 (10) 75 30 100

TP347 S34700  18Cr-10Ni-Cb 8 (9) (10) 75 30 1.00

TPP347H S34709  18Cr-10Ni-Cb 8 .. 75 30 1.00

TPP347H S34709  18Cr-10Ni-Cb 8 (9) 75 30 1.00

A312 TP348 S34800  18Cr-10Ni-Cb 8 (10) 75 30 1.00

TP348 S34800  18Cr-10Ni-Cb 8 (9) (10) 75 30 1.00

TPP348H S34809  18Cr-10Ni-Cb 8 . 75 30 1.00

TPP348H S34809  18Cr-10Ni-Cb 8 (9) 75 30 1.00

A312 TPXM-15 $38100  18Cr-18Ni-2Si 8 (1) 75 30 1.00

TPXM-15 $38100  18Cr-18Ni-2Si 8 (1) 75 30 1.00

TPXM-19 S$20910  22Cr-13Ni-5Mn 8 (1) 100 55 1.00

TPXM-19 S§20910  22Cr-13Ni-5Mn 8 (19 100 55 1.00

S§31254  20Cr-18Ni-6Mo 8-1(1) 95 45 1.00

S31254  20Cr-18Ni-6Mo 87 (1) (9) 95 45 1.00

A376 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

TP304N S30451  18Ct-8Ni-N 8 (10) 80 35 1.00

TP304N S30451  18Cr-8Ni-N 8 (9)(10) 80 35 1.00

A376 TP316 $31600~ 16Cr-12Ni-2Mo 8 (10) 75 30 1.00

TP316 §31600  16Cr-12Ni-2Mo 8 (9) (10 75 30 1.00

TP316H $31609  16Cr-12Ni-2Mo 8 . 75 30 1.00

TP316H S31609  16Cr-12Ni-2Mo 8 (9 75 30 1.00

TP316N S§31651  16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00

TP316N S§31651  16Cr-12Ni-2Mo-N 8 (9)(10) 80 35 1.00

A376 TP32+ 532106—H8Er—1oN—Tt 8—t163 75 36 166

TP321 $32100  18Cr-10Ni-Ti 8 (9) (10) 75 30 1.00

TP321H S$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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ASME B31.1-2020

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 13.8 13.6 135 9.6 6.9 50 36 TP321
16.7 15.0 13.8 12.8 119 11.3 11.0 10.8 10.6 10.5 10.3 10.2 10.1 100 9.6 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
20.01 184 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] 20.0 188 178 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 TP34%7
20.0| 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 7.9 ~TP347H
20.01 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)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 9.1 6\ 44 TP348 A312
20.01 20.0 18.8 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 160 121 91, 61 44 TP348
20.0| 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 138 "105 79 TP348H
20.0] 20.0 188 17.8 17.1 169 16.8 168 16.8 16.8 16.8 16.7 16.6 164 16.2/,141 10.5 7.9 TP348H
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 TPXM-15 A312
20.0] 20.0 189 183 17.5 16.6 16.2 15.8 155 15.2 149 14.6 10.6 404 .. TPXM-15
28.6| 284 269 26.0 255 25.0 24.6 24.2 239 23.5 23.3 23.0 22.7722.5 22.2 TPXM-19
28.6| 284 269 26.0 255 25.1 24.9 24.7 245 24.2 239 23.6 232 22.8 223 TPXM-19
27.1| 245 219 20.2 19.1 18.3 18.0 17.8 17.7
271 27.1 25.8 24.6 23.7 23.2 23.1 23.0 229
20.01 16.7 15.0 13.8 129 123 12.0 11.7 11.5 1h2.11.0 10.8 10.6 104 101 98 77 61 TP304 A376
20.01 20.0 189 183 17.5 16.6 16.2 15.8 155\152 149 14.6 143 14.0 124 98 77 61 TP304
20.0| 16.7 15.0 13.8 129 12.3 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 15.8\15.5 15.2 149 14.6 143 14.0 124 98 77 6.1 TP304H
229| 19.1 16.7 15.1 14.0 13.3 13.0( 12.8 12.5 12.3 121 11.8 11.6 113 11.0 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
20.0| 173 156 14.3 1337126 123 121 119 11.8 11.6 11.5 114 113 11.2 111 98 74 TP316 A376
20.01 20.0 20.0 19.3 18.0+17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 9.8 74 TP31l6
20.01 17.3 15.6 14.3<13.3 12.6 123 12.1 119 11.8 11.6 11.5 114 113 112 111 98 74 TP316H
20.01 20.0 20.0 193 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 TP316H
229| 20.7 190,17.6 16.5 15.6 152 149 145 14.2 139 13.7 134 132 129 123 98 74 TP316N
229| 229%22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 188 185 181 178 158 123 98 74 TP316N
20.0 8016515343135 132 1361212124232 —126— 96— 69—56—36—FP32% 376
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 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 13.4 134 134 121 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 16.8 16.8 16.8 16.8 16.7 16.6 164 162 141 105 7.9 TP347H
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Table A-3 Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade No. Composition No. Notes ksi ksi F

Seamless Pipe and Tube: Austenitic (Cont’d)

A376 TP348 S34800  18Cr-10Ni-Cb (10) 75 30 1.00
TP348 $34800 18Cr-10Ni-Cb (9) (10) 75 30 1.00

Seamless Pipe-and-Tube:-Eerritic/Martensitic

A268 TP405 S40500  12Cr-Al 7 3) 60 30 1.00
TP410 $41000 13Cr 6 .. 60 30 100
TP429 S42900  15Cr 6 (3) 60 35 1.00
TPP430 S$43000 17Cr 7 (3) 60 385 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 544626 27Cr-1Mo-Ti 101 (2) 68 45 1.00

Seamless Pipe and Tube: Ferritic/Austenitic

A789 SB1803 S$31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 1.00
SB2101 $32101  21Cr-5Mn-15Ni-Cu-N  10H (1) (23) (24) 94 65 1.00
2p05 $32205  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 70 1.00
SB2003 §32003  21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 100 70 1.00
SB2101 $32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23)424) 101 77 1.00
. §32550  25.5Cr-5.5Ni-3.5Mo-2Cu 10H (1) (25) (26) 110 80 1.00
SB2750 §32750  25Cr-7Ni-4Mo-N 10H (2)\22) (23) 116 80 1.00

A790 SB1803 S$31803  22Cr-5.5Ni-3Mo-N 100 (1) (23) (24) 90 65 1.00
SB2101 §32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 94 65 1.00
SB2003 §32003  21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 95 65 1.00
2p05 §32205  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 65 1.00
SB2101 §32101  21Cr-5Mn-1/5Nj~Cu-N 10H (1) (23) (24) 101 77 1.00
. §32550  25.5Cr-5.5Ni-3.5Mo-2Cu 10H (1) (25) (26) 110 80 1.00
SB2750 S$32750  25Cr=7Ni-4Mo-N 10H (1) (22) (23) 116 80 1.00

Centrifugally Cast Pipe: Austenitic

A451 CPF8 192600 18Cr-8Ni 8 (1) (8)(10) (17) 70 30 0.85
CPF8 192660 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 J92710 18Cr-10Ni-Cb 8 (1) (8)(9) (10) (17) 70 30 0.85
CPF8M J92900  18Cr-9Ni-2Mo 8 (1) (8) (13) (17) 70 30 0.85
CPF8M J92900  18Cr-9Ni-2Mo 8 (1) (8) (9) (13) (17) 70 30 0.85

A451 CPH8 J93400  25Cr-12Ni 8 (1) (8) (10) (17) 65 28 0.85
CPHE J93400  25Cr-12Ni 8 (1) (8) (9) (10) (17) 65 28 0.85
CPH10 J93410  25Cr-12Ni 8 (1) (6) (8) (10) (17) (70) 30 0.85
CPH10 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 J93402  25Cr-12Ni 8 (1) (6) (8) (9) (10) (17) (70) 30 0.85
CPK20 ]94202  25Cr-20Ni 8 (1) (8) (10) (17) 65 28 0.85
CPK20 J94202  25Cr-20Ni 8 (1) (8)(9) (10) (17) 65 28 0.85

Welded Pipe and Tube — Without Filler Metal: Austenitic

A249 TP304 S30400 18Cr-8Ni 8 (10) 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.
Seamless Pipe and Tube: Austenitic (Cont’d)
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1 44 TP348 A376
20.0 20.0 188 178 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 TP348
Seamless-Pipe-and-Tube:Eerritic/Martensitic
17.1( 17.1 16.8 16.5 16.3 159 15.6 15.2 TP405 A268
17.1] 17.1 16.8 16.5 16.3 159 15.6 15.2 TP410
17.1] 171 16.8 16.5 16.3 159 15.6 15.2 TP429
17.1] 171 16.8 16.5 16.3 159 15.6 15.2 TP430
18.6] 18.6 18.3 181 18.1 18.1 181 TPXM-27
20.0| 20.0 19.3 18.8 184 179 17.7 TP446-1
19.4| 19.4 193 19.0 18.8 184 18.1 TPXM-33
Seamless Pipe and Tube: Ferritic/Austpnitic
25.7| 25.7 24.8 239 233 23.1 $31803 A789
269| 269 25.6 24.7 24.7 24.7 S$32101
27.1| 271 26.2 252 246 243 .. 2205
28.6| 27.7 26.1 25.8 25.8 25.8 25.8 $32003
289 289 27.5 26.5 26.5 26.5 $32101
31.4| 31.3 29.5 28.6 282 .. §32550
33.1| 33.0 31.2 30.1 29.6 29.4 §32750
25.7| 25.7 24.8 239 233 23.1 $31803 A790
269 269 25.6 24.7 24.7 247 .. $32101
27.1| 263 24.8 24.5 245 245 245 $32003
27.1| 27.1 26.2 25.2 24.6 243 2205
289 289 27.5 26.5 26.5 26.5 $32101
31.4| 31.3 29.5 28.6 282 .. S32550
33.1| 33.0 31.2 30.1 29.6 29.4 $32750
Centrifugally Cast Pipe: Austpnitic
17.0] 14.2 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 14.5 14.4~14.1 13.8 13.4 13.2 129 12.7 124 122 104 81 64 51 41 CPF8
17.0] 14.2 12.7 11.7 11.0,M0.4 102 100 98 95 94 92 90 88 86 78 52 38 CPF8C
17.0|1 16.1 15.0 14.5,/144 14.1 13.8 13.5 13.2 129 12.6 124 121 119 103 7.8 52 38 CPF8C
17.0|] 14.6 13.2 12.} 11.3 10.7 104 103 10.1 10.0 99 98 9.7 9.6 9.5 7.6 59 4.6 CPF8M
17.01 17.0 16.516.3 152 144 14.1 13.8 13.6 13.5 13.3 13.2 13.1 126 9.8 7.6 59 4.6 CPF8M
158 13.012.0 11.5 11.1 10.8 10.5 103 10.0 9.7 94 91 87 84 7.2 55 43 32 CPH8 A451
158 44 134 13.1 13.1 13.1 13.0 129 128 125 12.2 11.8 11.3 94 7.2 55 43 3.2 CPH8
17.0 139 128 123 119 115 113 11.0 10.7 104 10.0 9.7 78 50 3.2 2.1 1.3 0.85 CPH10
17.0 15.6 145 14.1 14.1 141 14.0 139 138 135 13.1 127 78 50 32 21 1.3 0.85 CPH10
170 139 128 123 119 11.5 113 11.0 10.7 104 10.0 9.7 94 9.0 7.2 55 4.3 3.2 CPH20 A451
17.0 15.6 145 14.1 14.1 14.1 14.0 139 13.8 13.5 13.1 12.7 121 94 7.2 55 43 3.2 CPH20
158 13.0 12.0 11.5 11.1 10.8 105 103 100 9.7 94 91 87 84 81 72 62 51 CPK20
158 144 134 13.1 13.1 13.1 13.0 129 128 125 12.2 118 113 96 83 72 62 51 CPK20
Welded Pipe and Tube — Without Filler Metal: Austenitic
17.0 14.2 12.7 11.7 11.0 104 10.2 100 98 96 94 92 9.0 88 8.6 8.3 6.6 52 TP304 A249
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Table A-3 Stainless Steels (Cont’d)

Spec.
No.

Specified Specified

A249

A249

A249

A249

A249

A249

A249

A249

A249

UNS Minimum Minimum E

Type or Alloy Nominal P- Tensile, Yield, or
Grade Class No. Composition No. Notes ksi ksi F

Welded Pipe and Tube — Without Filler Metal: Austenitic (Cont’d)

TP304 S30400  18Cr-8Ni 8 (9)(10) 75 30 0.85
TP304H S$30409 18Cr-8Ni 8 .. 75 30 0.85
TP304H S30409  18Cr-8Ni 8 (9) 75 30 0.85
TPP304L S30403  18Cr-8Ni 8 (1) 70 25 0.85
TPP304L S30403  18Cr-8Ni 8 (1)(9) 70 25 0:85
TPP304N S30451  18Cr-8Ni-N 8 (10) 80 35 0.85
TPP304N S30451  18Cr-8Ni-N 8 (9)(10) 80 35, 0.85
S30815  21Cr-11Ni-N 8 (1) 87, 45 0.85

S30815  21Cr-11Ni-N 8 MO 87 45 0.85

TIP309H S30909  23Cr-12Ni 8 (9) 75 30 0.85
TPP309H S30909  23Cr-12Ni 8 75 30 0.85
TPP316 S31600  16Cr-12Ni-2Mo 8 (10) 75 30 0.85
TP316 S31600  16Cr-12Ni-2Mo 8 (9) (10) 75 30 0.85
TP316H $31609 16Cr-12Ni-2Mo 8 .. 75 30 0.85
TPP316H S31609  16Cr-12Ni-2Mo 8 (9 75 30 0.85
TPP316L 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-12Ni-2Mo-N 8 (10) 80 35 0.85
TP316N S31651  16Cr-12Ni-2Mo=N 8 (9)(10) 80 35 0.85
TP317 S$31700  18Cr-13Ni-3Mo 8 (1) (10) 75 30 0.85
TP317 $31700  18Ct-13Ni-3Mo 8 (1) (9) (10) 75 30 0.85
TP321 $32100 18Cr-10Ni-Ti 8 (10) 75 30 0.85
Tp321 $32100 18Cr-10Ni-Ti 8 (9) (10) 75 30 0.85
TP321H $32109~" 18Cr-10Ni-Ti 8 . 75 30 0.85
TP321H S32109  18Cr-10Ni-Ti 8 (9 75 30 0.85
T|P347 S34700 18Cr-10Ni-Cb 8 (10) 75 30 0.85
T|P347 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
TP348 $34800  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
S31254  20Cr-18Ni-6Mo 8 (1) 94 44 0.85

S31254  20Cr-18Ni-6Mo 8 (1) (9) 94 44 0.85

N08904  44Fe-25Ni-21Cr-Mo 45 (1) 71 31 0.85

A312
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Table A-3 Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Welded Pipe and Tube — Without Filler Metal: Austenitic (Cont’d)
17.0 17.0 16.1 15,5 14.8 14.1 13.8 13.5 13.2 129 12.6 124 121 119 10.5 83 6.6 52 TP304
17.0 14.2 127 11.7 11.0 104 10.2 100 98 96 94 92 9.0 88 8.6 83 6.6 52 TP304H
17.0 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 129 12.6 124 121 119 105 83 6.6 52 TP304H

14.2] 121 109 99 93 88 86 85 83 82 .. .. TP304L A249
14.2( 14.2 14.2 134 125 119 11.7 114 113 11.1 .. .. TP304L
19.4] 16.2 142 128 119 113 11.0 108 10.6 10.5 10.3 100 98 96 94 83 66 52 TP304N
19.4( 19.4 185 17.3 16.0 152 149 14.6 144 141 13.8 13.6 133 13.0 105 83 6.6 52 .TP304N

21.2| 21.0 18.7 169 15.7 15.0 14.8 14.6 145 143 141 139 138 12.7 99 7.7 598/44 .. A249
21.2| 21.0 19.8 19.0 185 182 18.0 179 17.7 175 173 17.0 162 12.7 99 7.7 593 4.4

17.0( 17.0 17.0 17.0 16.5 159 15.7 15.5 15.3 15.1 14.8 14.6 144 11.7 88 k5 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 12.1 11.3 10.7 10.5 103 10.1 10.0 99 98 97 96, “95 94 83 63 TP316 A249
17.0] 17.0 17.0 16.4 153 14.5 14.1 139 13.7 13.5 134 132 131 43,00 129 105 83 63 TP316
17.0( 14.7 13.2 121 113 10.7 10.5 10.3 10.1 100 99 98 977,96 95 94 83 63 TP316H
17.0] 17.0 17.0 16.4 15.3 14.5 14.1 139 13.7 13.5 134 132 131 13.0 129 105 83 63 TP316H

14.2] 121 108 99 93 88 87 85 83 81 80\vV8 77 75 7.3 72 71 54 TP316L A249
14.2( 14.2 14.2 134 125 119 11.7 114 11.2 11.0, 108 10.5 103 10.1 99 9.7 7.5 54 TP316L
19.4( 17.6 16.1 15.0 14.0 13.3 129 12.6 123 12.1.119 11.6 114 112 11.0 105 83 6.3 TP316N
19.4( 194 187 18.2 181 179 174 17.0 16,163 16.0 15.7 154 151 134 105 83 6.3 TP316N

17.0] 14.7 13.2 12.1 11.3 10.7 10.5 10.3\10.1 10.0 99 98 97 96 95 94 83 63 TP317 A249
17.0] 17.0 17.0 16.4 153 14.5 14.1( 139 13.7 13.5 134 132 131 13.0 129 105 83 63 TP317
17.0] 153 14.1 13.0 122 11.5 1%2/11.0 10.8 10.7 10.5 104 103 102 82 59 43 31 TP321
17.0( 17.0 16.2 159 159 15.5.15.2 149 14.6 144 142 141 139 138 82 59 43 31 TP321
17.0] 153 14.1 13.0 12.2~1%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 16.2 159 159.15.5 15.2 149 14.6 144 142 141 139 138 105 77 59 4.6 TP321H

17.0( 15.6 14.6 136 12.8 12.2 119 11.8 11.6 11.5 11.5 114 114 114 10.3 78 52 38 TP347 A249
17.0( 17.0 16.0,15.1 14.6 14.3 14.3 14.3 14.3 143 143 14.2 141 136 10.3 78 52 38 TP347
17.0] 15.6514:6 13.6 12.8 12.2 119 11.8 11.6 11.5 115 114 114 114 114 113 89 67 TP347H
17.0] 47.0/16.0 15.1 14.6 143 143 143 14.3 143 143 142 141 140 13.7 120 89 67 TP347H

17.0 15.6 14.6 13.6 128 12.2 119 11.8 11.6 11.5 11.5 114 114 114 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 14.2 141 136 103 78 52 38 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 14.3 143 143 14.3 14.3 143 142 141 140 13.7 120 89 67 TP348H

228 203 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

172 142 129 118 108 101 99 9.7 .. A312

155


https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

Table A-3 Stainless Steels (Cont’d)

ASME B31.1-2020

Specified Specified

UNS Minimum Minimum E

Spec. Type or Alloy Nominal P- Tensile, Yield, or

No. Grade No. Composition No. Notes ksi ksi F
Welded Pipe and Tube — Without Filler Metal: Austenitic (Cont’d)

TP304 S30400  18Cr-8Ni 8 (10) 75 30 0.85

TP304 $30400 18Cr-8Ni 8 (9) (10) 75 30 0.85

TP304H S30409  18Cr-8Ni 8 .. 75 30 0.85

304H S30409  18Cr-8Ni 8 (9 75 30 0.85

A312 TIP304L S30403  18Cr-8Ni 8 (1) 70 25 0185

TPP304L S30403  18Cr-8Ni 8 (1) 70 25 0.85

TP304N S30451 18Cr-8Ni-N 8 (10) 80 BS 0.85

TPP304N S30451  18Cr-8Ni-N 8 (9)(10) 80 35 0.85

A312 S30815  21Cr-11Ni-N 8 (1) 87 45 0.85

S30815  21Cr-11Ni-N 8 MO 87 45 0.85

A312 TP309H S$30909 23Cr-12Ni 8 (9) 75 30 0.85

TP309H S$30909 23Cr-12Ni 8 . 75 30 0.85

TPP310H S31009  23Cr-20Ni 8 (9) 75 30 0.85

TPP310H S$31009  23Cr-20Ni 8 75 30 0.85

A312 TP316 S$31600  16Cr-12Ni-2Mo 8 (10) 75 30 0.85

TPP316 S$31600  16Cr-12Ni-2Mo 8 (\(10) 75 30 0.85

TP316H $31609 16Cr-12Ni-2Mo 8 . 75 30 0.85

TIP316H S31609  16Cr-12Ni-2Mo 87 (9) 75 30 0.85

A312 TP316L S31603  16Cr-12Ni-2Mo 8 (1) (29) 70 25 0.85

TP316L S$31603  16Cr-12Ni-2Mo 8 (1) (9) (29 70 25 0.85

TP316N S§31651  16Cr-12Ni-2Mo~N 8 (10) 80 35 0.85

TPP316N $31651  16Cr-12Ni<2Mo-N 8 (9) (10) 80 35 0.85

TP317LMN S31726  19Cr=15:5Ni-4Mo 8 (1) 80 35 0.85

TP317LMN S31726  19€r-15.5Ni-4Mo 8 (1)(9) 80 35 0.85

A312 TP317 $31700~~18Cr-13Ni-3Mo 8 (1) (10) 75 30 0.85

TP317 S3%700~ 18Cr-13Ni-3Mo 8 (1) (9) (10) 75 30 0.85

Tp321 §32100 18Cr-10Ni-Ti 8 (10) 75 30 0.85

TP321 S$32100  18Cr-10Ni-Ti 8 (9)(10) 75 30 0.85

TP321H S§32109  18Cr-10Ni-Ti 8 . 75 30 0.85

TP321H $32109  18Cr-10Ni-Ti 8 (9 75 30 0.85

A312 TIP347 S34700 18Cr-10Ni-Cb 8 (10) 75 30 0.85

TR347 534766 +8Er—10N—€Eh S—1+63 75 36 -85

TP347H S34709  18Cr-10Ni-Cb 8 . 75 30 0.85

TP347H S34709  18Cr-10Ni-Cb 8 (9 75 30 0.85

A312 TP348 S$34800  18Cr-10Ni-Cb 8 (1) (10) 75 30 0.85

TP348 $34800  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 (1) (9) 75 30 0.85

A312 TPXM-15 $38100  18Cr-18Ni-2Si 8 (1) 75 30 0.85
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Table A-3 Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Welded Pipe and Tube — Without Filler Metal: Austenitic (Cont’d)
17.0 14.2 127 11.7 11.0 104 10.2 100 98 96 94 92 9.0 88 8.6 83 6.6 52 TP304
17.0 17.0 16.1 15,5 14.8 14.1 13.8 13.5 13.2 129 12.6 124 121 119 10.5 83 6.6 52 TP304
17.0 142 12.7 11.7 11.0 104 102 100 98 9.6 94 92 90 88 86 83 66 52 TP304H
17.0[ 17.0 16.1 155 148 141 138 135 13.2 129 12.6 124 121 119 105 83 6.6 52 TP304H

14.2( 121 109 99 93 88 86 85 83 82 .. .. TP304L A312
14.2( 14.2 14.2 134 125 119 11.7 114 113 11.1 .. .. TP304L
19.4( 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 TR304N
19.4( 19.4 185 17.3 16.0 152 149 14.6 144 14.1 13.8 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 12.7 99 7.7 59,44 .. A312
21.2| 21.0 19.8 19.0 185 182 18.0 179 17.7 17.5 173 17.0 162 12.7 99 7.7 (59 44

17.0( 17.0 17.0 17.0 16.5 159 15.7 15.5 15.3 15.1 14.8 14.6 144 11.7 88 6.5 4.7 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 10.6 104 88, 65 47 34 TP309H
17.0( 17.0 17.0 169 16.4 15.7 15.5 15.2 15.0 14.8 14.6 14.4 142 11.7 ~88 65 47 34 TP310H
17.0] 15.0 13.7 12.8 121 11.7 115 11.3 11.1 11.0 10.8 10.7 10.5 10.3 8.8 6.5 47 34 TP310H

17.0] 14.7 13.2 12.1 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 16.4 153 14.5 14.1 139 13.7 13.5 134 13.2 43.I* 13.0 129 105 83 63 TP316
17.0] 14.7 13.2 12.1 11.3 10.7 10.5 103 10.1 10.0 99 98497 96 95 94 83 63 TP316H
17.0( 17.0 17.0 16.4 153 14.5 14.1 139 13.7 13.5 134 132 13.1 13.0 129 105 83 6.3 TP316H

14.2] 121 108 99 93 88 87 85 83 8180 78 77 75 73 72 71 54 TP316L A312
14.2] 14.2 142 134 125 119 11.7 114 11.2.11.0 108 105 103 101 99 9.7 75 54 TP316L
19.4] 17.6 16.1 150 14.0 13.3 129 12.6 123,121 119 11.6 114 112 110 105 83 63 TP316N
19.4] 194 18.7 182 181 179 174 170 16.7 163 16.0 157 154 151 134 105 83 63 TP316N

19.4( 17.0 15.2 13.8 13.0 124 .. .. TP317LMN
19.4( 185 17.7 17.4 17.2 16.7 .« .. TP317LMN
17.0] 14.7 13.2 12.1 11.3 10:7~10.5 103 10.1 10.0 99 98 97 96 95 94 83 63 TP317 A312

17.0] 17.0 17.0 16.4 153 145 141 139 13.7 135 134 132 131 13.0 129 105 83 63 TP317
17.0] 153 14.1 13.0_%2.2+11.5 11.2 11.0 10.8 10.7 10.5 104 103 102 82 59 43 31 TP321
17.0( 17.0 16.2 15.9¢159 15.5 15.2 149 14.6 144 142 141 139 138 82 59 43 31 TP321
17.0( 153 14.1 _13:0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 10.4 10.3 10.2 10.1 77 59 46 TP321H
17.0] 17.0 162,159 159 15.5 15.2 149 14.6 144 142 141 139 138 105 77 59 4.6 TP321H

17.0( d5.6/14.6 13.6 128 12.2 119 11.8 11.6 11.5 11.5 114 114 114 10.3 78 52 38 TP347 A312
17.0 —F—36-0—451+F4-6—43—43—H43—H43— 434342 H4—13-6—303 FG—52—3-9—FP347F
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 TP347H
17.0 17.0 16.0 15.1 14.6 14.3 14.3 143 14.3 143 143 142 141 140 13.7 120 89 67 TP347H
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 A312

17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 143 14.3 14.2 141 136 10.3 78 52 38 TP348
17.0 156 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 14.3 143 14.3 14.3 143 143 14.2 141 140 137 120 89 6.7 TP348H

170 14.2 12.7 11.7 11.0 104 10.2 100 98 9.6 94 9.2 9.0 88 .. .. TPXM-15 A312
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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)
TPXM-15 S$38100  18Cr-18Ni-2Si 8 (1)) 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 1 87 45 0.85
S30815  21Cr-11Ni-N 1 © 87 45 0:85
Welded Pipe and Tube — Without Filler Metal: Ferritic/Martensitic
A268 TPP405 S40500  12Cr-Al 7 60 30 0.85
TPP410 S41000  13Cr 6 60, 30 0.85
TP429 S42900  15Cr 6 60 35 0.85
TP430 S$43000 17Cr 7 .. 60 35 0.85
TP446-1 544600 27Cr 101 (1) 70 40 0.85
TPXM-27 S44627  26Cr-1Mo 101 (1) (2) 65 40 0.85
TPXM-33 S44626  27Cr-1Mo-Ti 101 (2) 68 45 0.85
Welded Pippe and Tube — Without Filler Metal: Ferritic/Austenitic
A789 SB1803 $31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 0.85
SB2101 S$32101  21Cr-5Mn-1.5Ni-Cu-N 10H (L)N(23) (24) 94 65 0.85
2p05 §32205  22Cr-5.5Ni-3Mo-N 10HS{1) (23) (24) 95 70 0.85
SB2003 §32003  21Cr-3.5Ni-1.75Mo-N 1OH (1) (23) (24) 100 70 0.85
Sp2101 $32101  21Cr-5Mn-1.5Ni-Cu-N,~ 10H (1) (23) (24) 101 77 0.85
$32550  25.5Cr-5.5Ni-3.5Mo~2Cu 10H (1) (25) (26) 110 80 0.85
SB2750 $32750  25Cr-7Ni-4Mo=N 10H (1) (23) (24) 116 80 0.85
A790 SB1803 S$31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 0.85
Sp2101 $32101  21Cp=5Mn-1.5Ni-Cu-N  10H (1) (23) (24) 94 65 0.85
SB2003 S$32003  2@Cy-3.5Ni-1.75Mo-N 10H (1) (23) (24) 95 65 0.85
2p05 $32205 ( 22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 65 0.85
SB2101 $32101 ) 21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 101 77 0.85
. S32550  25.5Cr-5.5Ni-3.5Mo-2Cu 10H (1) (25) (26) 110 80 0.85
SB2750 S32750  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 0.85
Welded Pipe — Filler Metal Added: Austenitic
A358 3p4 &3 S30400 18Cr-8Ni 8 (1) (10) (11) 75 30 1.00
3p4 2 S30400  18Cr-8Ni 8 (1) (10) (11) 75 30 0.90
3p4 1&3 S30400 18Cr-8Ni 8 (1) (9) (10) (11) 75 30 1.00
304 2 S30400  18Cr-8Ni 8 (1) @01 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 (M) 70 25 0.90
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
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ASME B31.1-2020

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.
Welded Pipe and Tube — Without Filler Metal: Austenitic (Cont’d)
17.0 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 129 12.6 124 12.1 119 TPXM-15
23.0 208 186 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 19.8 19.0 185 182 18.0 179 17.7 17.5 173 17.0 162 12.7 99 7.7 59 44
Welded Pipe and Tube — Without Filler Metal; Ferritic/Martensitic
14.6] 14.6 143 14.0 13.8 13.5 13.2 129 TP405 A268
14.6]| 14.6 143 14.0 13.8 13.5 13.2 129 TP410
14.6( 14.6 14.3 14.0 13.8 13.5 13.2 129 TP429
14.6( 14.6 14.3 14.0 13.8 13.5 13.2 129 TP430
17.01 17.0 164 16.0 156 15.2 15.0 14.7 TP446-1
15.8] 15.8 155 154 154 154 154 TPXM-27
16.5| 16.5 16.4 16.2 16.0 15.7 15.4 TPXM-33
Welded Pipe and ‘Tube — Without Filler Metal: Ferritic/Austgnitic
21.9] 219 21.1 20.3 19.8 19.6 $31803 A789
22.8| 22.8 21.7 21.0 21.0 21.0 $32101
23.1| 23.1 223 214 209 20.7 .. 2205
24.3| 23.6 221 219 219 219 219 $32003
245| 24.5 234 22.6 22.6 22.6 S$32101
26.7| 26.6 25.1 24.3 24.0 .. $32550
28.2| 28.0 26.5 25.6 25.2 25.0 S$32750
219 219 211 20.3 19.8 19.6 $31803 A790
22.8| 228 21.7 21.0 21.0 21.0 .. S$32101
23.1] 224 21.0 20.8 20.8 20.8 20.8 $32003
23.1| 23.1 223 21.4 209 20.7 2205
24.5| 245 234 22.6 22.6_22.6 $32101
26.7| 26.6 25.1 24.3 240\ .. $32550
28.2| 280 26.5 25.6°25.2 25.0 S32750
Welded Pipe — Filler Metal Added: Austpnitic
20.0| 16.7_ 150713.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 101 98 77 61 304 A358
18.0] 15.0413.5 124 11.6 11.1 108 10.6 103 101 99 9.7 95 93 91 88 70 55 304
20.0] 20.0 189 183 17.5 16.6 16.2 15.8 155 15.2 149 14.6 143 140 124 98 77 61 304
16.2 16.2 153 14.8 14.1 134 131 128 12.6 123 12.0 11.8 11.6 113 10.0 7.9 6.3 49 304
16.7 143 128 11.7 109 104 10.2 100 9.8 9.7 304L A358
15,0 128 115 105 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 14.2 133 12.6 123 12.1 119 11.7 304L
229 19.1 16.7 151 14.0 13.3 13.0 12.8 12,5 123 12.1 11.8 11.6 113 11.0 98 77 61 304N A358
206 17.2 15.0 13.5 12.6 119 11.7 11.5 11.3 11.1 109 10.6 104 102 99 88 70 55 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
Welded Pipe — Filler Metal Added: Austenitic (Cont’d)

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

A358 1&3 S308I5 2ICr-TIINi-N 8 (1) 87 45 1.00

2 S30815  21Cr-11Ni-N 8 (1) 87 45 090

1&3 S30815 21Cr-11Ni-N 8 (1)) 87 45 1.00

2 $30815  21Cr-11Ni-N 8 (1) (9) 87 45 0.90

A358 3p9 1&3 S30900 23Cr-12Ni 8 (1) (10) 75 30 1.00

3p9 2 S30900  23Cr-12Ni 8 (1) (10) 75 30 0.90

3p9 1&3 S30900 23Cr-12Ni 8 (1) (9) (10) 75 30 1.00

3p9 2 $30900  23Cr-12Ni 8 (1) (9) (10) 75 30 0.90

A358 310 1&3 S31000 25Cr-20Ni 8 (1) (10) (14) 75 30 1.00

310 2 S$31000  25Cr-20Ni 8 (1) (10) (14) 75 30 0.90

310 1&3 $S31000 25Cr-20Ni 8 (1) (9) (10) 14 75 30 1.00

310 2 S31000  25Cr-20Ni 8 (1) (9),(10)(14) 75 30 0.90

A358 310 1&3 S31000 25Cr-20Ni 8 (LN(10) (15) 75 30 1.00

310 2 $31000  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

30 2 $31000  25Cr-20Ni 8 (1) (9) (10) (15) 75 30 0.90

A358 316 1&3 S31600 16Cr-12Ni-2Mae 8 (1) (10) (11) 75 30 1.00

316 2 S31600  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 $31600  16Cr-12Ni-2Mo 8 (1) (9) (10) (11) 75 30 0.90

A358 3[L6L 1&3 S31603 16Cr-12Ni-2Mo 8 (1) (29) 70 25 1.00

3f16L 2 S31603~ 16Cr-12Ni-2Mo 8 (1) (29) 70 25 0.90

3f16L 1&3 831603 16Cr-12Ni-2Mo 8 (1) (9 (29) 70 25 1.00

3f16L 2 $31603  16Cr-12Ni-2Mo 8 (1) (9 (29) 70 25 0.90

A358 3[L6N 1,& 3 S31651 16Cr-12Ni-2Mo-N 8 (1) (10) 80 35 1.00

3[L6N 2 S31651  16Cr-12Ni-2Mo-N 8 (1) (10) 80 35 0.90

316N 1&3 S31651  16Cr-12Ni-2Mo-N 8 (1) (9) (10) 80 35 1.00

36N 2z 531+65+—6Er—12Ni—2Mo—NN 88— (9463 86 35 696

A358 321 1&3 S$32100  18Cr-10Ni-Ti 8 (1) (10) (11) 75 30 1.00

321 2 S$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

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
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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)
229 229 21.7 203 189 179 175 17.2 169 16.6 163 16.0 156 152 124 9.8 7.7 6.1 304N
20.6 20.6 19.6 183 17.0 16.1 15.8 15.5 15.2 149 14.7 144 14.0 13.7 112 8.8 7.0 55 304N

24.9] 24.7 22.0 199 185 17.7 174 17.2 17.0 16.8 16.6 16.4 16.2 149 116 9.0 69 52 .. A358
2241 222 21.0 20.2 19.6 193 19.1 189 187 185 183 18.0 17.2 134 104 81 62 4.7
249| 24.7 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 162 149 116 90 69 52
22.4| 222 21.0 20.2 19.6 19.3 19.1 189 18.7 185 183 18.0 17.2 134 104 81 6.2 4.7

20.01 17.5 16.1 15.1 14.4 139 13.7 13.5 13.3 13.1 129 12.7 125 99 71 50 36 25309 A358
18.0] 15.8 145 13.6 13.0 12.5 12.3 12.1 12.0 11.8 11.6 11.5 11.3 89 64 45 32{23 309
20.0| 20.0 20.0 20.0 19.4 188 18.5 18.2 18.0 17.7 17.5 17.2 159 99 71 50 365v25 309
18.0( 18.0 18.0 18.0 17.5 169 16.6 16.4 16.2 159 15.7 15,5 143 89 64 45,32 23 309

20.0| 17.6 16.1 15.1 143 13.7 13.5 13.3 13.1 129 12.7 125 123 99 71 50 36 25 310 A358
18.0] 159 145 13.6 129 124 12.1 12.0 11.8 11.6 11.5 113 11.1 89 64~ 45 32 23 310
20.0] 20.0 20.0 199 19.3 185 18.2 179 17.7 174 17.2 169 159 9.9 (71 50 36 25 310
18.0] 18.0 18.0 179 174 16.7 164 16.1 159 15.7 155 152 143 89> 64 45 32 23 310

20.0] 17.6 16.1 151 14.3 13.7 13.5 13.3 13.1 129 12.7 125 %23 99 7.1 50 36 25 310 A358
18.0] 159 145 13.6 129 124 12.1 12.0 11.8 11.6 11.5 113111 89 64 45 32 23 310
20.0] 20.0 20.0 199 19.3 185 18.2 179 17.7 174 172,169 159 99 71 50 36 25 310
18.0] 18.0 18.0 179 174 16.7 164 16.1 159 15.7 155 152 143 89 64 45 32 23 310

20.0] 17.3 15.6 14.3 13.3 12.6 123 12.1 11.91%8 11.6 11.5 114 113 11.2 111 98 74 316 A358
18.0] 15.5 14.0 129 12.0 11.3 11.1 109 10:Z/10.6 10.5 104 103 102 101 99 88 67 316
20.0] 20.0 20.0 19.3 18.0 17.0 16.6 163, 16.1 159 15.7 15.6 154 153 151 124 98 74 316
18.0] 18.0 18.0 17.4 16.2 15.3 15.0( 14 14.5 143 141 140 139 138 136 11.2 88 6.7 316

16.7( 14.2 12.7 11.7 109 10.4.10.2 100 98 96 94 92 90 88 86 84 83 64 316L A358
15.0] 128 114 105 9894 92 90 88 86 84 83 81 79 77 76 75 58 316L
16.7] 16.7 16.7 15.7 14:8.14.0 13.7 13.5 13.2 129 12.7 124 121 119 116 114 88 64 316L
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 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
20.6| 1865171 15.8 14.8 14.0 13.7 13.4 13.1 128 12.6 123 121 119 116 11.1 88 67 316N
229 2297220 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 185 181 178 158 123 98 74 316N

20.6 20, 100 4092 404 100 40 400 4909 4900 4,0 4 LW W Wl 142 141 Q0 LEWAN
. 200010 T T 1010 10U 17,7 7.0 10100100100 1Tz T1.1 T.0 Or OTOIN

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 3.6 321 A358
180 16.2 149 13.8 129 12.2 119 11.7 11.5 113 11.2 11.0 109 108 86 62 45 32 321
20.0 200 19.1 18.7 187 183 179 17.5 17.2 169 16.7 16.5 164 162 96 69 50 3.6 321
180 18.0 17.2 16.8 16.8 16.5 16.1 158 15.5 15.3 15.1 149 147 146 86 62 45 32 321

20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 134 121 9.1 6.1 44 347 A358
18.0 16.6 154 14.4 13.5 129 12.6 124 12.3 122 12.1 121 121 121 109 82 55 4.0 347
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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)

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) (11) 75 30 0.90

A358 3@8 T& 3 534800  IBCr-1UNI-CD 8 (1) (10) (I1) 75 30 T.00

348 2 S34800  18Cr-10Ni-Cb 8 (1) (10) (11) 75 30 090

318 1&3 S34800  18Cr-10Ni-Cb 8 (1) (9 (10) (11) 75 30 1,00

348 2 $34800  18Cr-10Ni-Cb 8 (1) (9) (10) (11) 75 30 0.90

A358 . 1&3 S31254  20Cr-18Ni-6Mo 8 (1) 95 45 1.00

2 S31254  20Cr-18Ni-6Mo 8 (1) 95 45 0.90

1&3 S31254  20Cr-18Ni-6Mo 8 (1) 95 45 1.00

2 $31254  20Cr-18Ni-6Mo 8 (1) (9) 95 45 0.90

A358 . 1&3 S31254  20Cr-18Ni-6Mo 8 (1) 100 45 1.00

2 S31254  20Cr-18Ni-6Mo 8 (1) 100 45 0.90

1&3 S31254 20Cr-18Ni-6Mo 8 (1) 100 45 1.00

2 $31254  20Cr-18Ni-6Mo 8 (1) (9) 100 45 0.90

A409 TP304 S30400  18Cr-8Ni 8 (1A(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 $30400  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 S$30403  18Cf-8Ni 8 (1) (21) 70 25 0.80

TP304L S30403  18Cr-8Ni 8 (1) (19 70 25 1.00

TP304L S$30403.\_18Cr-8Ni 8 (1) (9) (20) 70 25 0.90

TP304L S30403-/ 18Cr-8Ni 8 (1) (9 (21) 70 25 0.80

A409 . $30815 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-11Nj-N 8 (1)) (1) 87 45 0.80

A409 TP316 S31600  16Cr-12Ni-2Mo 8 (1) (10) (19) 75 30 1.00

TP316 S$31600  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 $31600  16Cr-12Ni-2Mo 8 (1) (9) (10) (20) 75 30 0.90

TP316 S31600  16Cr-12Ni-2Mo 8 (1) (9) (10) (21) 75 30 0.80

A409 TP316L S31603  16Cr-12Ni-2Mo (1) (19) (29) 70 25 1.00

TP316L $31603  16Cr-12Ni-2Mo 8 (1) (20) (29) 70 25 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)
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 44 347
18.0 18.0 169 16.0 154 15.2 15.1 15.1 15.1 15.1 15.1 15.0 149 144 10.9 82 55 40 347

200 I8#F 171 16U I5.0 143 140 138 13.7 136 135 134 13.4 134 121 91 6.1 4.4 348 358
18.0| 16.6 154 14.4 13.5 129 12.6 124 123 12.2 12.1 121 121 121 109 82 55 4.0 348
20.0] 20.0 188 178 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 160 12.1 9.1 6.1 44 348
18.0] 18.0 169 16.0 154 15.2 15.1 15.1 15.1 15.1 15.1 15.0 149 144 10.9 8.2 55 4.0 348

27.1| 245 219 20.2 19.1 183 18.0 17.8 17.7 .. A358
2441 221 19.7 182 17.2 16,5 16.2 16.0 159
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| 24.5 219 20.2 19.1 183 18.0 17.8 17.7 .. A358
25.7| 22.1 19.7 18.2 17.2 16.5 16.2 16.0 159
28.6| 28.6 27.2 259 25.0 24.4 243 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 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6£10.4 10.1 9.8 7.7 61 TP304 A409
18.0] 15.0 13.5 124 11.6 11.1 108 10.6 103 101 99 97, %5 93 91 88 70 55 TP304
16.0] 13.3 12.0 11.0 104 98 96 94 92 9.0 88, 86> 85 83 81 78 62 49 TP304
20.01 20.0 189 183 17.5 16.6 16.2 158 155 15.2 149.\14.6 143 14.0 124 98 77 61 TP304
18.0( 18.0 17.0 16.5 15.7 149 14.6 14.3 139 13.75134 13.1 128 126 112 88 7.0 55 TP304
16.0( 16.0 15.1 14.6 14.0 13.3 13.0 12.7 124 123}-119 11.7 114 11.2 9.9 7.8 62 49 TP304

16.7( 143 12.8 11.7 109 10.4 10.2 10.0 , 98/ 9.7 .. .. TP304L A409
15.0] 128 115 105 98 93 9.1 9.0 88 87 .. .. TP304L
13.3| 114 102 94 87 83 81 80 79 7.7 .. .. TP304L
16.7( 16.7 16.7 15.8 14.7 14.0 13.7)13.5 13.3 13.0 .. .. TP304L
15.0] 15.0 15.0 14.2 13.3 12.6. 12.3 12.1 119 11.7 .. .. TP304L
13.3( 13.3 133 12.6 11.8~1%2 11.0 10.8 10.6 10.4 .. .. TP304L
249| 24.7 22.0 199,485 17.7 174 17.2 170 168 16.6 16.4 162 149 11.6 9.0 69 52 .. A409

22.4| 22.2 19.8 179 16.7 159 15.7 15.5 153 15.1 149 14.8 14.6 134 104 81 6.2 4.7
199] 19.8 17.6\159 14.8 14.2 139 13.8 13.6 13.4 13.3 13.1 13.0 11.9 93 72 55 42
249| 247,233 224 218 214 212 21.0 20.8 20.6 20.3 20.0 19.1 149 116 9.0 69 52
224 222)21.0 20.2 19.6 193 19.1 189 187 185 183 18.0 17.2 134 104 81 6.2 4.7
199 198 186 179 174 17.1 170 168 166 165 162 160 153 119 93 72 55 42

20.0 17.3 15.6 143 13.3 12.6 123 12.1 119 11.8 11.6 115 114 113 112 111 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 TP316
20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 157 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 14.3 14.1 14.0 139 138 13.6 11.2 88 6.7 TP316
16.0 16.0 16.0 154 14.4 13.6 13.3 13.1 129 12.7 12.6 12.5 123 122 121 99 78 59 TP316

16.7 14.2 12.7 11.7 109 104 10.2 100 98 96 94 92 90 88 86 84 83 64 TP316L A409
150 128 114 105 98 94 92 90 88 86 84 83 81 79 7.7 76 75 58 TP316L
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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)
TP316L $31603  16Cr-12Ni-2Mo 8 (1) (21) (29) 70 25 0.80
TP316L $31603  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
3161 S31603  16Cr-12Ni-2Mo 8 (1)) (21) (29) 70 25 0.80
Welded Pipe — Filler Metal Added: Ferritic/Austenitic
A928 SB1803 1&3 S31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 1.00
SB1803 2 S$31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 0.90
2p05 1&3 S32205 22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 65 1.00
2p05 2 $32205  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 65 0.90
Plate, Sheeft, and Strip: Austenitic
A240 N08904 44Fe-25Ni-21Cr-Mo 45 (1) 71 31 1.00
2P1LN S20153  16Cr-4Ni-6Mn 8 (1) 95 45 1.00
2P1LN S20153  16Cr-4Ni-6Mn 8 (1)) 95 45 1.00
A240 3p4 S30400  18Cr-8Ni 8 (10) (11) 75 30 1.00
3p4 S30400  18Cr-8Ni 8 (9) (10)\(11) 75 30 1.00
3p4L S30403  18Cr-8Ni 8 (I 70 25 1.00
3P4L S30403 18Cr-8Ni 8 (1) (9) 70 25 1.00
3p4N S30451  18Cr-8Ni-N 87, (1) (10) 80 35 1.00
3p4N S30451  18Cr-8Ni-N 8 (1) (9) (10) 80 35 1.00
A240 S30815  21Cr-11Ni-N 8 (1) 87 45 1.00
S30815  21Cr-11Ni-N 8 (1)(9) 87 45 1.00
A240 3Pp9H S30909  23Cr-12Ni 8 (9)(11) (18) 75 30 1.00
3Pp9H S30909  23Cr-12Ni 8 (11) (18) 75 30 1.00
3p9s S30908 _.23€r-12Ni 8 (1) (10) 75 30 1.00
3p9s $30908~23Cr-12Ni 8 (1) (10 75 30 1.00
A240 3[10H §31009  25Cr-20Ni 8 (9) 75 30 1.00
3[10H S$31009  25Cr-20Ni 8 .. 75 30 1.00
3[10S S$31008  25Cr-20Ni 8 (10) (11) (14) 75 30 1.00
3[10S S$31008  25Cr-20Ni 8 (9)(10) (11) (14) 75 30 1.00
3[10S $31008  25Cr-20Ni 8 (10) (11) (15) 75 30 1.00
3[10S $31008  25Cr-20Ni 8 (9) (10) (11) (15) 75 30 1.00
A240 316 S$31600  16Cr-12Ni-2Mo 8 (10) (11) 75 30 1.00
316 S31600  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 S31603  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
A240 317 $31700  18Cr-13Ni-3Mo 8 (1) (10) (11) 75 30 1.00
317 S31700  18Cr-13Ni-3Mo 8 (1) (9) (10) (11) 75 30 1.00
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Table A-3 Stainless Steels (Cont’d)

ASME B31.1-2020

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)
133 114 102 93 87 83 81 80 78 77 75 74 72 70 69 67 66 51 TP31l6L
16.7 16.7 16.7 157 14.8 14.0 13.7 13.5 13.2 129 12.7 124 121 119 116 114 88 64 TP316L
15.0 15.0 15.0 14.2 13.3 12.6 124 12.1 119 11.6 114 11.2 109 10.7 104 103 79 58 TP316L
13.3[ 133 133 12.6 11.8 11.2 11.0 10.8 10.6 10.3 10.I 99 9.7 95 93 91 70 51 TP3I6L
Welded Pipe — Filler Metal Added: Ferritic/Austpnitic
25.7| 25.7 24.8 239 233 23.1 S31803 A928
23.1| 23.1 223 21.5 21.0 20.8 $31803
27.1| 27.1 26.2 25.2 24.6 24.3 2205
24.4| 244 23.6 22.7 22.1 219 2205
Plate, Sheet, and Strip: Austpnitic
20.3| 16.7 15.1 13.8 12.7 119 116 114 .. .. A240
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 19.4 19.2 18.8 201LN
20.0| 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104101 98 77 61 304 A240
20.01 20.0 189 183 17.5 16.6 16.2 158 155 15.2 149 14.6 143 140 124 98 77 61 304
16.7( 143 12.8 11.7 109 10.4 10.2 10.0 9.8 9.7 304L
16.7] 16.7 16.7 158 14.7 14.0 13.7 13.5 133 13.0 .. ...\ .. .. 304L
229| 19.1 16.7 15.1 14.0 13.3 13.0 12.8 125 123 12.1.1F8 11.6 113 11.0 98 77 61 304N
229 229 21.7 203 189 179 175 17.2 169 16.6 16.316.0 156 152 124 98 77 61 304N
249| 247 22.0 199 185 17.7 174 17.2 17.0 16.8716.6 164 162 149 116 9.0 69 5.2 A240
249| 247 233 224 218 214 21.2 21.0 208 20.6 20.3 20.0 19.1 149 116 9.0 69 52
20.01 20.0 20.0 20.0 19.4 188 18.5 18.2%18.0 17.7 17.5 17.2 169 138 103 76 55 4.0 309H A240
20.01 175 16.1 15.1 14.4 139 13.7\13.5 133 13.1 129 12.7 125 123 103 76 55 4.0 309H
2001 175 16.1 15.1 144 13.9.13% 13.5 133 13.1 129 12.7 125 99 71 50 36 2.5 309S
20.0] 20.0 20.0 20.0 19.4 188-18.5 18.2 18.0 17.7 17.5 172 159 99 71 50 36 2.5 309S
20.0] 20.0 20.0 199 19.3-18.5 182 179 17.7 174 17.2 169 16.7 138 103 76 55 40 310H A240
20.0] 17.6 16.1 151143 13.7 13.5 13.3 13.1 129 12.7 125 123 121 103 76 55 4.0 310H
20.01 17.6 16.1 154 14.3 13.7 13.5 13.3 13.1 129 12.7 125 123 99 71 50 36 2.5 310S
20.01 20.0 200,199 19.3 185 182 179 17.7 174 172 169 159 99 71 50 36 2.5 310S
20.01 17.6516:1 15.1 143 13.7 135 13.3 13.1 129 12.7 125 123 99 71 50 36 2.5 310S
20.0| 20.6720.0 199 193 185 182 179 17.7 174 172 169 159 99 71 50 36 2.5 310S
20.0 173 15.6 143 133 12.6 123 12.1 119 11.8 11.6 11.5 114 113 112 111 98 74 316 A240
20.0 20.0 20.0 193 18.0 17.0 16.6 16.3 16.1 159 15.7 156 154 153 151 124 98 74 316
16.7 14.2 12.7 11.7 109 104 10.2 100 98 96 94 92 90 88 86 84 83 64 316L
16.7 16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 129 12.7 124 121 119 116 114 88 64 316L
229 207 19.0 17.6 16,5 15.6 15.2 149 145 14.2 139 13.7 134 132 129 123 98 74 316N
229 229 220 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 185 181 178 158 123 98 74 316N
20.0 173 15.6 14.3 133 12.6 123 12.1 119 118 11.6 115 114 113 112 111 98 74 317 A240
20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 317
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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)
317L S31703  18Cr-13Ni-3Mo 8 (1) 75 30 1.00
317L S31703 18Cr-13Ni-3Mo 8 (1)(9) 75 30 1.00
321 S$32100  18Cr-10Ni-Ti 8 (10) (11) 75 30 1.00
3pP1 S32700  18Cr-10Ni-Ti 8 (9) (10) (11) 75 30 1.00
A240 37 S34700  18Cr-10Ni-Cb 8 (10) (11) 75 30 100
347 S34700  18Cr-10Ni-Cb 8 (9) (10) (11) 75 30 1.00
3p8 S34800  18Cr-10Ni-Cb 8 (1) (10) (11) 75 B0 1.00
3¢8 S34800  18Cr-10Ni-Cb 8 (1)(9) (10) (11) 75 30 1.00
A240 XM-15 $38100  18Cr-8Ni-2Si 8 (1) 75 30 1.00
XM-15 $38100 18Cr-8Ni-2Si 8 (1) 75 30 1.00
3[L7LMN S31726 19Cr-15.5Ni-4Mo 8 (1) 80 35 1.00
3E7LMN S31726  19Cr-15.5Ni-4Mo 8 (1) 80 35 1.00
A240 S$31254  20Cr-18Ni-6Mo 8 (1) 95 45 1.00
$31254  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-2Cu 10H (4)\(25) (26) 110 80 1.00
Plate, Sheet, and Strip: Ferritic/Martensitic
A240 4p5 S40500  12Cr-1Al 7 (3) 60 25 1.00
410 S$41000  13Cr 6 (1) 65 30 1.00
410S S41008 13Cr 7 1) 60 30 1.00
4P9 S42900 15Cr 6 (13 65 30 1.00
A240 480 S$43000 17Cp 7 (1) A3) 65 30 1.00
XM-27 S44627  26Cr=1Mo 101 (1) (3) 65 40 1.00
XM-33 544626 27.Cr-1Mo-Ti 101 (2) 68 45 1.00
Plate, Sheeft, and Strip: Ferritic/Austenitic
A240 SB1803 $31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 1.00
SB2101 §32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 94 65 1.00
SB2003 §32003  21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 95 65 1.00
2p05 $32205 22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 65 1.00
SB2003 S$32003 21Cr-3.5Ni-1.75Mo-N 10H (1) (23) (24) 100 70 1.00
SB2101 S$32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 101 77 1.00
$32750 §32750  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 M 94 44 1.00
F44 S$31254  20Cr-18Ni-6Mo 1) 9 94 44 1.00
A182 F304 S30400  18Cr-8Ni (10) (12) 70 30 1.00
F304 S30400  18Cr-8Ni (9) (10) (12) 70 30 1.00

166



https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

ASME B31.1-2020

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.
Plate, Sheet, and Strip: Austenitic (Cont'd)
20.0 17.0 15.2 14.0 13.1 12.5 12.2 12.0 11.7 115 11.3 .. .. 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 19.1 187 18.7 183 179 175 172 169 16.7 165 164 162 96 69 50 3.6 321
20.0| 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 134 121 9.1 6.1 4.4 347 A240
20.0] 20.0 188 178 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 160 12.1 9.1 6.1 4.4 347
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 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 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 10.6 104 .. £ XM-15 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 .. .. XM-15
229 20.0 179 16.3 153 14.6 317LMN
229| 21.8 209 20.5 20.3 19.7 317LMN
27.1| 245 219 20.2 19.1 18.3 18.0 17.8 17.7 .. A240
27.1| 27.1 25.8 24.6 23.7 23.2 23.1 23.0 229
28.6| 24.5 219 20.2 19.1 18.3 18.0 17.8 17.7
28.6| 28.6 27.2 259 25.0 244 243 24.1 239
31.4] 31.3 29.5 28.6 282
Plate, Sheet, and Strip: Ferritic/Martensitic
16.7| 153 14.8 14.5 143 14.0 138 135 .. .. . . .. .. 405 A240
18.6| 184 17.8 174 17.2 168 16.6 16.2 157 151 144 123 88 64 4.4 2.9 1.8 1.0 410
17.1] 17.1 16.8 16.5 16.3 159 15.6 15.2 14.7-14,; 134 123 88 64 4.4 2.9 1.8 1.0 410S
18.6 184 17.8 174 17.2 168 16.6 16.2 15.7y15.1 144 12.0 92 65 45 3.2 24 1.8 429
18.6( 184 17.8 174 17.2 168 16.6,162° 15.7 15.1 144 120 92 65 45 32 24 18 430 A240
18.6( 18.6 183 18.1 181 18.1 181 XM-27
19.4] 19.4 193 19.0 18.8 18.4718.1 XM-33
Plate, Sheet, and Strip: Ferritic/Austpnitic
25.7| 25.7 24.8 23.9"233 23.1 $31803 A240
269| 269 25.6 24.7) 24.7 24.7 .. S$32101
27.1| 263 24:8\24.5 24.5 24.5 245 S$32003
27.1| 27.1_26.2° 252 246 243 .. 2205
28.6| 274926.1 25.8 25.8 25.8 25.8 $32003
289| 289 27.5 26.5 26.5 26.5 $32101
33.1 33.0 31.2 30.1 29.6 294 $32750
Forgings: Austenitic
20.3 16.7 15.1 13.8 12.7 119 116 114 .. F904L A182
269 239 214 198 186 179 17.6 174 173 .. .. .. .. .. F44
269 269 255 243 235 23.0 228 22.7 226 .. .. .. . .. F44
20.0 16.7 15.0 13.8 129 123 12.0 11.7 115 11.2 11.0 108 10.6 104 101 98 77 6.1 F304 A182
20.0 20.0 189 183 17.5 16.6 16.2 15.8 15.5 15.2 149 14.6 143 14.0 124 9.8 7.7 61 F304
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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)

F304 S30400  18Cr-8Ni 8 (10) 75 30 1.00

F304 S30400  18Cr-8Ni 8 (9) (10) 75 30 1.00

A182 FpO7H S30409 I8Cr—8NT 8 (12 70 30 T700

FB04H S30409  18Cr-8Ni 8 (9) (12) 70 30 100

FB04H S30409  18Cr-8Ni 8 . 75 30 1,00

FB04H S30409  18Cr-8Ni 8 (9) 75 30 1.00

A182 FB04L S$30403 18Cr-8Ni 8 (1) 65 25 1.00

FBO4L S30403  18Cr-8Ni 8 (1)(9) 65 25 1.00

FB04N S30451  18Cr-8Ni-N 8 (10) 80 35 1.00

FB04N S30451  18Cr-8Ni-N 8 (9)(10) 80 35 1.00

A182 . S30815 21Cr-11Ni-N 8 (1) 87 45 1.00

S30815  21Cr-11Ni-N 8 MM 87 45 1.00

A182 FB10 S$31000  25Cr-20Ni 8 (1) (10) (14) 75 30 1.00

FB10 S$31000  25Cr-20Ni 8 (1) 910y (14) 75 30 1.00

FB10 $31000  25Cr-20Ni 8 (1) (x0) (15) 75 30 1.00

FB10 $31000  25Cr-20Ni 8  (1)\9) (10) (15) 75 30 1.00

A182 FB16 S$31600  16Cr-12Ni-2Mo 8 (10) (12) 70 30 1.00

FB16 S$31600  16Cr-12Ni-2Mo 8 (9) (10) (12) 70 30 1.00

FB16 S$31600 16Cr-12Ni-2Mo 8 (10) 75 30 1.00

FB16 S$31600 16Cr-12Ni-2Mo 8 (9) (10) 75 30 1.00

A182 FB16H S31609  16Cr-12Ni-2Mo 8 (12) 70 30 1.00

FB16H S$31609  16Cr-12Ni-2Mo 8 (9)(12) 70 30 1.00

FB16H S$31609  16Cr-12Ni-2Mo 8 . 75 30 1.00

FB16H S31609 16€r-12Ni-2Mo 8 (9) 75 30 1.00

A182 FB16L S31608./ 16Cr-12Ni-2Mo 8 (1) (27) (29) 70 25 1.00

FB16L S31603  16Cr-12Ni-2Mo 8 (1) (9) (27) (29) 70 25 1.00

FB16N $31651  16Cr-12Ni-2Mo-N 8 (10) 80 35 1.00

FB16N $31651  16Cr-12Ni-2Mo-N 8 (9) (10) 80 35 1.00

A182 FB21 §32100  18Cr-10Ni-Ti 8 (12) 70 30 1.00

FB21 §32100  18Cr-10Ni-Ti 8 (9)(12) 70 30 1.00

FB21 $32100  18Cr-10Ni-Ti 8 (10) 75 30 1.00

F321 $32100  18Cr-10Ni-Ti 8 (9) (10) 75 30 1.00

A182 F321H S32109  18Cr-10Ni-Ti 8 (12) 70 30 1.00

F321H S32109  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

A182 F347 S34700  18Cr-10Ni-Cb 8 (12) 70 30 1.00

F347 S34700  18Cr-10Ni-Cb 8 (9)(12) 70 30 1.00
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Table A-3 Stainless Steels (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.
100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Forgings: Austenitic (Cont’d)
20.0 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 6.1 F304
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 6.1 F304

200167150 138 129 123 120 11,7 115 12 110 108 106 104 101 98 - 6.1 F304H 182
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| 16.7 15.0 13.8 129 12.3 12.0 11.7 11.5 11.2 11.0 10.8 106 104 10.1 9.8 7.7 61 F304H
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 98 7.7 6.1 F304H

16.7( 143 12.8 11.7 109 10.4 10.2 10.0 9.8 9.7 .. ot F304L A182
16.7( 16.7 16.2 15.6 14.7 14.0 13.7 13.5 13.3 13.0 .. ../ F304L
229 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12,5 123 12.1 11.8 11.6 11.3 11.0 9.8  7.70N6.1 F304N
229 229 21.7 203 189 179 175 17.2 169 16.6 163 16.0 156 152 124 98 (77> 61 F304N

249| 247 22.0 199 185 17.7 174 17.2 17.0 168 16.6 164 162 149 116 90, 69 52 .. A182
249| 24.7 233 224 218 214 21.2 21.0 20.8 20.6 20.3 20.0 19.1 149 116, 90 69 52

20.01 17.6 16.1 15.1 143 13.7 13.5 13.3 13.1 129 12.7 125 123 9.9 7.1 50 36 25 F310 A182
20.01 20.0 20.0 199 19.3 185 18.2 179 17.7 174 17.2 169 159 ¢929 7.1 50 36 25 F310
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 F310
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

20.01 17.3 15.6 14.3 133 12.6 123 12.1 119 118 11.6:145 114 113 11.2 111 9.8 74 F316 A182
20.0| 20.0 194 19.2 180 17.0 16.6 16.3 16.1 159 15.7°15.6 154 153 151 124 98 74 F316
20.0] 17.3 15.6 143 133 12.6 123 12.1 119 11.8 16 11.5 114 113 11.2 111 9.8 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

20.01 17.3 15.6 14.3 133 12.6 123 12.1 119 11.8 11.6 11.5 114 113 11.2 111 9.8 7.4 F316H A182
20.01 20.0 194 19.2 180 17.0 16.6 16.3“16.1 159 157 15.6 154 153 151 124 98 74 F316H
20.0] 17.3 15.6 143 133 12.6 12.3\12.1 119 118 11.6 11.5 114 113 11.2 111 9.8 7.4 F316H
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 F316H

16.7( 14.1 12.7 11.7 109-10.4 10.2 100 98 96 94 92 90 88 86 84 83 64 F316L A182
16.7] 16.7 16.7 15.6 14:8M4.0 13.8 13.5 13.2 13.0 12.7 124 121 119 116 114 88 64 F316L
229 20.7 19.0 17.6_16:5 15.6 152 149 145 14.2 139 13.7 134 132 129 123 98 74 F316N
229| 229 22.0 215 21.2 21.0 20.5 20.0 19.6 19.2 18.8 185 181 178 158 123 98 74 F316N

20.0] 18.0 165”153 143 13.5 13.2 13.0 12.7 12.6 124 123 121 120 96 69 50 3.6 F321 A182
20.0| 19.017.8 17.5 17.5 17.5 17.5 17.5 17.2 169 16.7 16.5 164 16.2 9.6 69 50 36 F321
2001 180 16.5 153 143 135 13.2 13.0 12.7 12.6 124 123 121 120 96 69 50 3.6 F321
20.0 20.0 19.1 187 18.7 183 179 17.5 17.2 169 16.7 16.5 164 16.2 9.6 69 50 36 F321

20.0 180 16.5 153 143 13.5 13.2 13.0 12.7 12.6 124 123 121 120 119 9.1 6.9 54 F321H A182
20.0 19.0 178 17.5 17.5 17.5 175 17.5 17.2 169 16.7 16.5 164 16.2 123 9.1 6.9 54 F321H
20.0 180 16.5 153 143 13.5 13.2 13.0 12.7 12.6 124 123 121 12.0 119 9.1 6.9 54 F321H
20.0 20.0 191 18.7 187 183 179 17.5 17.2 169 16.7 16.5 164 16.2 123 9.1 6.9 54 F321H

20.0 184 171 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 9.1 6.1 44 F347 A182
20.0 19.1 17.6 16.6 16.0 158 15.7 15.7 15.7 15.7 15.7 15.6 155 153 12.1 9.1 6.1 44 F347
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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)
F347 S34700  18Cr-10Ni-Cb 8 (10) 75 30 1.00
F347 S34700 18Cr-10Ni-Cb 8 (9) (10) 75 30 1.00
A182 FB47H S34709  18Cr-10Ni-Cb 8 (12) 70 30 1.00
FB47H S34709  18Cr-10Ni-Cb 8 (9)(12) 70 30 1.00
FB47H S34709  18Cr-10Ni-Cb 8 . 75 30 100
FB47H S34709 18Cr-10Ni-Cb 8 (9) 75 30 1.00
A182 FB48 S34800  18Cr-10Ni-Cb 8 (12) 70 30 1.00
FB48 S34800  18Cr-10Ni-Cb 8 (9)(12) 70 30 1.00
FB48 S34800  18Cr-10Ni-Cb 8 (10) 75 30 1.00
FB48 S34800  18Cr-10Ni-Cb 8 (9)(10) 75 30 1.00
A182 FB48H S34809  18Cr-10Ni-Cb 8 (12) 70 30 1.00
FB48H $34809 18Cr-10Ni-Cb 8 (9) (12) 70 30 1.00
FB48H $34809 18Cr-10Ni-Cb 8 .. 75 30 1.00
FB48H S34809  18Cr-10Ni-Cb 8 (9) 75 30 1.00
A965 FB04 S30400  18Cr-8Ni 8 (10 70 30 1.00
FB04 S30400  18Cr-8NI 8-5(9) (10) 70 30 1.00
FB04H S30409  18Cr-8Ni 8 .. 70 30 1.00
FB04H S30409  18Cr-8NI 8 (9) 70 30 1.00
A965 FB16 $31600  16Cr-12Ni-2Mdg 8 (10) 70 30 1.00
FB16 $31600 16Cr-12Ni-2Mo 8 (9) (10) 70 30 1.00
FB16H $31609 16Cr-12Ni-2Mo 8 .. 70 30 1.00
FB16H S31609  16Cp=12Ni-2Mo 8 (9) 70 30 1.00
A965 FB21 $32100 ( 18Cr-10Ni-Ti 8 (10) 70 30 1.00
FB21 $32100 ) 18Cr-10Ni-Ti 8 (9)(10) 70 30 1.00
FB21H S32109  18Cr-10Ni-Ti 8 . 70 30 1.00
FB21H S32109 18Cr-10Ni-Ti 8 (9) 70 30 1.00
A965 FB47 S34700  18Cr-10Ni-Cb 8 (10) 70 30 1.00
FB47 S34700  18Cr-10Ni-Cb 8 (9)(10) 70 30 1.00
FB47H S34709 18Cr-10Ni-Cb 8 .. 70 30 1.00
FB47H S34709  18Cr-10Ni-Cb 8 (9) 70 30 1.00
Forgings: Ferritic/Martensitic
A182 FXM-27Cb .. S44627  27Cr-1Mo 101 (2) 60 35 1.00
A336 FXM-27Cb ... 544627 27Cr-1Mo 101 (2) 60 35 1.00
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
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Table A-3 Stainless Steels (Cont’d)

ASME B31.1-2020

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Forgings: Austenitic (Cont’d)
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 91 61 44 F347
20.0 20.0 18.8 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 160 12.1 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
20.01 19.1 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 15.7 15.6 155 153 151 141 105 7.9 F347H
20.01 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 F347H
20.0| 20.0 188 17.8 17.1 169 16.8 168 16.8 16.8 16.8 16.7 16.6 164 162 141 105 7.9 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  6.1y.X44 F348
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 F348
20.0] 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 160 12.1 9.1\ ~6.1 44 F348
20.01 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134,133 105 79 F348H A182
20.01 19.1 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 15.7 15.6 155 153 AS1V 141 105 7.9 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
20.01 20.0 188 17.8 17.1 169 16.8 168 16.8 16.8 16.8 16.7 16.6 464" 162 141 105 79 F348H
20.0| 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 0% 104 101 98 77 61 F304 A965
20.01 20.0 189 183 17.5 16.6 16.2 158 155 15.2 149 14.6:414.3 14.0 124 98 77 61 F304
20.0| 16.7 15.0 13.8 129 123 12.0 11.7 11.5 11.2 11.04108 10.6 104 101 98 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 11.9:418 11.6 115 114 113 112 111 98 74 F31l6 A965
20.0| 20.0 194 19.2 180 17.0 16.6 16.3 16,1)159 15.7 15.6 154 153 151 124 98 74 F316
20.01 17.3 15.6 14.3 133 12.6 123 124 119 118 11.6 11.5 114 113 112 111 98 74 F316H
20.01 20.0 19.4 19.2 18.0 17.0 16.6,16:3" 16.1 159 15.7 15.6 154 153 151 124 98 74 F316H
20.0] 18.0 16.5 15.3 143 13.5 132 13.0 12.7 12.6 124 123 121 120 96 69 50 3.6 F321 A965
20.01 19.0 17.8 17.5 17.5_17.5 175 17.5 17.2 169 16.7 165 164 162 96 69 50 3.6 F321
20.01 18.0 16.5 15.3 143\13.5 13.2 13.0 12.7 12.6 124 123 121 120 119 91 69 54 F321H
2001 19.0 178 17.574%5 17.5 175 17.5 17.2 169 16.7 16.5 164 162 123 91 69 54 F321H
20.0| 184 17.1516.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 121 91 61 44 F347 A965
20.0] 19.1 176" 16.6 16.0 158 15.7 15.7 15.7 15.7 15.7 15.6 155 153 121 91 61 44 F347
20.0| 184+17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 7.9 F347H
20.01 191 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 15.7 15.6 155 153 151 141 105 7.9 F347H

Forgings: Ferritic/Martensitic
17.1  17.1 16.6 16.1 16.1 16.1 16.1 FXM-27Cb A182
171 17.1 16.6 16.1 16.1 16.1 16.1 FXM-27Cb A336

Forgings: Ferritic/Austenitic
25.7 25.7 24.8 239 233 23.1 F51 A182
271 27.1 26.2 25.2 24.6 24.3 F60
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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: Ferritic/Austenitic (Cont’d)
F53 S32750  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 1.00
Fittings (Seamless and Welded): Austenitic
A403 WR364 $304060—8€r—8N+ S—HAE3H 75 36 +66
WP304 S30400  18Cr-8Ni 8 (4)(7) (9) (10) (11) 75 30 1.00
WP304H S30409  18Cr-8Ni 8 4 (7@ 75 30 1,00
WP304H S30409  18Cr-8Ni 8 (4)(7) (9) (11) 75 30 1.00
A403 WP304L S30403  18Cr-8Ni 8 (1) (7)1 70 25 1.00
WP304L S30403  18Cr-8Ni 8 (M) O@an 70 25 1.00
WP304N S30451  18Cr-8Ni-N 8 (1)#) (7)(10) 80 35 1.00
WP304N S30451  18Cr-8Ni-N 8 (1) (4) (7) (9) (10) 80 35 1.00
A403 WP309 S30900  23Cr-12Ni 8 (1) (7) (10) (11) 75 30 1.00
WP309 S30900  23Cr-12Ni 8 (1) (7) (9) (10) (1) 75 30 1.00
WP310 S$31000  23Cr-20Ni 8 (1) (7) (10) (11) (14) 75 30 1.00
WP310 $31000  23Cr-20Ni 8 (1) (7)(9) (10¥(11) (14) 75 30 1.00
WP310 $31000  23Cr-20Ni 8 (1) (7)(10)(11) (15) 75 30 1.00
WP310 S31000  23Cr-20Ni 8 (1) (A9 (10)(11)(15) 75 30 1.00
A403 WPS31254 S31254  20Cr-18Ni-6Mo (1)°(7N) 94 44 1.00
WPS31254 S31254  20Cr-18Ni-6Mo (SRRC)) 94 44 1.00
A403 WP316 $31600  16Cr-12Ni-2Mo 8 (4)(7) (10) (11) 75 30 1.00
WP316 S31600  16Cr-12Ni-2Mo 8 (4)(7) (9 (10) (11) 75 30 1.00
WP316H S$31609  16Cr-12Ni-2Mo. 8 (4) (7@ 75 30 1.00
WP316H S$31609  16Cr-12Ni;2Mo 8 WM™ Oan 75 30 1.00
A403 WP316L $31603  16Cr=12Ni-2Mo 8 (1) (7) (11) (29) 70 25 1.00
WP316L S31603  16Cy-12Ni-2Mo 8 (1) (79 (11) (29) 70 25 1.00
WP316N S31651 ( 16Cr-12Ni-2Mo-N 8 (1) (7)(10) 80 35 1.00
WP316N S$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
WPS31726 $31726  19Cr-15.5Ni-4Mo 8 (1)(9) 80 35 1.00
A403 WP317 S$31700  18Cr-13Ni-3Mo 8 (1) (7)(10) (11) 75 30 1.00
Wp317 S§31700  18Cr-13Ni-3Mo 8 (1) (7)) (9 (10) (11) 75 30 1.00
WP321 $32100  18Cr-10Ni-Ti 8 (4)(7) (10) (11) 75 30 1.00
WP324 $32100  18Cr-10Ni-Ti 8 1) (79 (10) (11) 75 30 1.00
WP321H S§32109  18Cr-10Ni-Ti 8 4)(7) (11 75 30 1.00
WP321H $32109  18Cr-10Ni-Ti 8 WM™ Oany 75 30 1.00
A403 WP347 S34700  18Cr-10Ni-Cb 8 (4)(7) (10) (11) 75 30 1.00
WP347 $34700  18Cr-10Ni-Cb 8 (4)(7) (9) (10) (11) 75 30 1.00
WP347H $34709  18Cr-10Ni-Cb 8 (4)(7) (1) 75 30 1.00
WP347H S34709  18Cr-10Ni-Cb 8 WM™ Oany 75 30 1.00
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
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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: Ferritic/Austenitic (Cont’'d)

33.1 33.0 31.2 30.1 29.6 294 .. .. F53

Fittings (Seamless and Welded): Austenitic

20.0 —6F—35-:6438—429—123—1260—-7++-5—2—31-6—368—36-6—10-4—310+ 9-—FF—61+—WP364 4403
20.01 20.0 189 183 17.5 16.6 16.2 158 155 15.2 149 14.6 143 14.0 124 98 77 61 WP304

20.0| 16.7 15.0 13.8 129 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 10.1 9.8 77 61 WP304H
20.0] 20.0 189 183 17.5 16.6 16.2 15.8 15.5 152 149 14.6 143 140 124 9.8 7.7 61 WP304H

16.7( 14.3 12.8 11.7 109 104 10.2 100 9.8 9.7 .. .. (OWP304L A403
16.7] 16.7 16.7 158 14.7 14.0 13.7 13.5 13.3 13.0 .. ./ WP304L
229 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12,5 123 12.1 11.8 11.6 11.3 11.0 9.8  7AN61 WP304N
229| 229 21.7 203 189 179 175 17.2 169 16.6 16.3 16.0 156 152 124 98 (¢ZZ 6.1 WP304N

20.01 17.5 16.1 15.1 14.4 139 13.7 13.5 13.3 13.1 129 12.7 125 9.9 7.1 50 ' 36 25 WP309 A403
20.01 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 50 36 25 WP309
20.01 17.6 16.1 15.1 143 13.7 13.5 13.3 13.1 129 12.7 125 123 9.9 7.1 50 36 25 WP310
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 WP310
20.0] 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 125 123 .99 7.1 50 36 25 WP310
20.0] 20.0 20.0 199 19.3 18.5 182 179 17.7 174 17.2 169 159~ 99 7.1 50 36 25 WP310

269| 239 214 198 186 179 17.6 174 173 .. ..  WPS31254 A403
269 269 25.5 24.3 235 23.0 22.8 22.7 226 .. .. WPS31254
20.0] 17.3 15.6 143 13.3 12.6 123 12.1 119 1184116 115 114 113 11.2 111 98 74 WP31l6 A403

20.01 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159-15.7 15.6 154 153 151 124 98 74 WP31l6
20.01 17.3 15.6 14.3 13.3 12.6 123 12.1 11L.9\1I8 11.6 11.5 114 113 112 111 98 74 WP316H
20.01 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16:+ 159 15.7 15.6 154 153 151 124 98 74 WP316H

16.7( 14.1 12.7 11.7 109 104 10.2,10:00 98 96 94 92 90 88 86 84 83 64 WP31l6L A403
16.7] 16.7 16.0 15.6 14.8 14.0 13.8,13.5 13.2 13.0 12.7 124 121 119 116 114 88 64 WP316L
229 20.7 19.0 17.6 16.5 15.6 152 149 145 14.2 139 13.7 134 132 129 123 98 74 WP316N
229 229 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 WP316N

229] 20.0 179 16.3 158\14.6 .. .. WPS31726
229] 21.8 209 20.5°20.3 19.7 .. .. WPS31726
20.0] 17.3 15,6-14.3 13.3 12.6 123 12.1 119 118 11.6 115 114 113 11.2 111 98 74 WP317 A403

20.01 20.0 200719.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 WP317
20.0] 180.\6.5 153 14.3 13.5 13.2 13.0 12.7 12.6 124 123 121 120 96 69 50 3.6 WP321
20.0] 20:0 19.1 187 18.7 183 179 17.5 17.2 169 16.7 16.5 16.4 16.2 9.6 69 50 36 WP321
20.0 18.0 16.5 153 14.3 13.5 13.2 13.0 12.7 12.6 12.4 123 121 120 119 9.1 6.9 54 WP321H
20.0 20.0 19.1 18.7 187 183 179 17.5 17.2 169 16.7 16.5 164 16.2 123 9.1 6.9 54 WP321H

20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 134 121 9.1 6.1 44 WP347 A403
20.0 20.0 188 17.8 17.2 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 44 WP347
20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 134 134 133 105 79 WP347H
20.0 20.0 188 17.8 17.1 169 16.8 16.8 16.8 16.8 16.8 16.7 16.6 164 16.2 141 105 7.9 WP347H

20.0 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 134 134 121 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 16.0 12.1 9.1 6.1 44 WP348
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Table A-3 Stainless Steels (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Type or Alloy Nominal P- Tensile, Yield, or
No. Grade Class No. Composition No. Notes ksi ksi F
Fittings (Seamless and Welded): Austenitic (Cont’d)

WP348H $34809 18Cr-10Ni-Cb 4 (7) (1) 75 30 1.00
WP348H S$34809 18Cr-10Ni-Cb 4) (7) (9) (11) 75 30 1.00

Fittings (Sqamless-and-Welded):Ferritie/Austenitie

A815 SB1803 $31803  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 90 65 1.00
SB2101 $32101  21Cr-5Mn-1.5Ni-Cu-N  10H (1) (23) (24) 94 65 100
SB2205 $32205  22Cr-5.5Ni-3Mo-N 10H (1) (23) (24) 95 70 1.00
SB2101 S$32101  21Cr-5Mn-1.5Ni-Cu-N 10H (1) (23) (24) 101 77 1.00

Castings: Ajustenitic

A351 CF3 ]92500 18Cr-8Ni 8 (1)(5 (17 70 30 0.80
CF3 J92500  18Cr-8Ni 8 (1) (5 (9) (17) 70 30 0.80
CF3A J92500  18Cr-8Ni 8 (1) (5) (17) 77.5 35 0.80
CF3A ]92500 18Cr-8Ni 8 (MBG)O (7N 77.5 35 0.80
CF3M 192800 18Cr-12Ni-2Mo 8 (1) (5 (13) (17 70 30 0.80
CF3M 192800 18Cr-12Ni-2Mo 8 (1) (5) (9) (13yN17) 70 30 0.80

A351 CF8 J92600  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 (WN\(5) (10) (17) 70 30 0.80
CF8C ]92710 18Cr-10Ni-Cb 8._w(1) (5) (9) (10) (17) 70 30 0.80
CF8M J92900 16Cr-12Ni-2Mo 87 (5) (13) (17) 70 30 0.80
CF8M J92900  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 ]93402 25Cr-12Ni 8 (1) (5 (10) (17) 70 30 0.80
CH20 ]93402 25Cp=12Ni 8 (1) (5 (9) (10) (17) 70 30 0.80
CK20 ]94202 25Cr=20Ni 8 (1) (5 (10) 17) 65 28 0.80
CK20 ]94202 25Cr-20Ni 8 (1) (5)(9) (10) (17) 65 28 0.80

Castings: Fprritic/Martensitic

A217 CA15 J91150 13Cr-%Mo 6 (1)B)B) 90 65 0.80

Bar: Austenitic

A479 . N08904 44Fe-25Ni-21Cr-Mo 45 (1) 71 31 1.00
3p4 S30400  18Cr-8Ni 8 (10) 75 30 1.00
3p4 S30400  18Cr-8Ni 8 (9) (10) 75 30 1.00
304H S$30409 18Cr-8Ni 8 .. 75 30 1.00
304H S30409  18Cr-8Ni 8 (9) 75 30 1.00

A479 304L S$30403 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

A479 S30815 21Cr-11Ni-N 8 (1) 87 45 1.00

S30815  21Cr-11Ni-N 8 (MM 87 45 1.00
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ASME B31.1-2020

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 13.5 134 134 134 134 133 105 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 7.9 WP348H
Fittings-(Seamless-and-Welded):Ferritie/Austenitic
25.7| 25.7 24.8 239 233 23.1 $31803 A815
269| 269 25.6 24.7 24.7 24.7 S$32101
27.1| 271 26.2 25.2 24.6 243 $32205
289 289 27.5 26.5 26.5 26.5 $32101
Castings: Austpnitic
16.0] 13.3 12.0 11.0 104 98 96 94 92 9.0 CF3 A351
16.0] 15.2 14.1 13.7 13.5 13.3 13.0 12.7 124 12.1 CF3
17.7] 15.6 14.0 129 12.1 115 11.2 109 CF3A
17.7] 16.8 156 15.1 15.0 15.0 15.0 148 .. .. .. CF3A
16.0] 13.8 124 114 10.6 101 9.8 9.7 95 94 93 CF3M
16.0] 16.0 15.5 154 14.3 13.6 13.3 13.0 12.8 12.7 125 CF3M
16.0/ 13.3 12.0 11.0 104 98 96 94 92 90 88 86 85 .83 7.6 6.0 4.8 3.8 CF8 A351
16.0] 15.2 14.1 13.7 13.5 13.3 13.0 12.7 124 121 119 11.7 114 98 76 60 48 38 CF8
16.0] 13.3 12.0 11.0 104 98 96 94 92 9.0 88 86 85> 83 81 73 49 36 CF8C
16.0] 15.2 14.1 13.7 13.5 13.3 13.0 12.7 124 121 119 11.7\114 112 97 73 49 36 CF8C
16.0( 13.8 124 114 10.6 10.1 98 97 95 94 9392 91 091 9.0 7.1 55 43 CF8M
16.0] 16.0 15.5 154 14.3 13.6 13.3 13.0 12.8 12.7 125 124 123 11.9 9.2 7.1 55 43 CF8M
149] 122 113 108 10.5 101 99 97 94- 94 88 85 82 79 68 52 40 30 CH8 A351
149] 13.6 12.7 123 123 123 123 122 12.0)11.8 115 11.1 106 89 68 52 40 3.0 CHS8
16.0( 13.1 12.1 11.6 11.2 10.8 10.6 104 101 98 95 91 88 85 6.8 52 40 3.0 CH20
16.0] 14.6 13.6 13.3 13.2 13.2 13.2, 431 13.0 12.7 124 119 114 89 6.8 52 4.0 3.0 CH20
149] 122 113 108 10.5 101 99,97 94 91 88 85 82 79 76 68 58 48 CK20
149| 13.6 12.7 123 123 12.37123 12.2 12.0 11.8 115 11.1 106 90 78 68 58 48 CK20
Castings: Ferritic/Martepnsitic
20.6| 20.6 20.6 20.6-20,6 20.6 20.6 20.6 20.6 20.6 20.1 120 74 47 3.0 1.9 1.2 08 CA15 A217
Bar: Austpnitic
20.3| 16.7 1597138 12.7 119 116 114 .. .. .. .. . A479
20.0| 16.7415.0 13.8 129 123 12.0 11.7 11.5 11.2 11.0 10.8 10.6 104 101 98 77 61 304
20.0] 200 189 183 17.5 16.6 16.2 158 15.5 152 149 14.6 143 140 124 9.8 7.7 61 304
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 6.1 304H
20.0 20.0 189 183 17.5 16.6 16.2 15.8 155 15.2 149 146 143 140 124 98 7.7 61 304H
16.7 143 128 11.7 109 104 10.2 10.0 9.8 9.7 304L A479
16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 .. .. 304L
229 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12,5 123 12.1 11.8 11.6 113 11.0 98 77 61 304N
229 229 21.7 203 189 179 175 17.2 169 16.6 163 16.0 156 152 124 98 77 61 304N
249 24.7 22.0 199 185 17.7 174 17.2 17.0 16.8 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
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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 3108 S31008  25Cr-20Ni 8 (10) (11) (15) 75 30 1.00
310S $31008  25Cr-20Ni 8  (10) (11) (14) 75 30 1.00
3108 S31008  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)) 95 44 100
A479 316 S31600  16Cr-12Ni-2Mo 8 (10) 75 30 1.00
316 S31600  16Cr-12Ni-2Mo 8 (9)(10) 75 30 1.00
3[Ll6H S$31609  16Cr-12Ni-2Mo 8 . 75 30 1.00
3[L6H S$31609 16Cr-12Ni-2Mo 8 (9) 75 30 1.00
A479 3fL6L S31603  16Cr-12Ni-2Mo 8 (1) (16) (28) (29) 70 25 1.00
3fL6L S$31603  16Cr-12Ni-2Mo 8 (1) (9) (16) (28) (29) 70 25 1.00
3[L6N S31651  16Cr-12Ni-2Mo 8 (10) 80 35 1.00
3[L6N S31651  16Cr-12Ni-2Mo 8 (9)(10) 80 35 1.00
3[L7LMN S31726 19Cr-15.5Ni-4Mo 8 (1) 80 35 1.00
3[17LMN $31726  19Cr-15.5Ni-4Mo 8 (1) (9) 80 35 1.00
A479 3p1 §32100  18Cr-10Ni-Ti 8 (10) 75 30 1.00
3p1 S$32100  18Cr-10Ni-Ti 8 (9 (10) 75 30 1.00
3R1H S$32109 18Cr-10Ni-Ti 8 . 75 30 1.00
3R1H S$32109 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 37 S34700  18Cr-10Ni-Cb 8 (10) 75 30 1.00
37 S34700  18Cr-10Ni-Cbh 8 (9) (10) 75 30 1.00
3¢7H S34709 18Cr-10Ni-Cb 8 . 75 30 1.00
3|7H S34709  18Cr-10Ni-Cb 8 (9 75 30 1.00
A479 318 $34800 _ 18Cr-10Ni-Cb 8 (10) 75 30 1.00
3¢8 $34800~~.18Cr-10Ni-Cb 8 (9) (10) 75 30 1.00
3¢8H $34809~" 18Cr-10Ni-Cb 8 . 75 30 1.00
38H §34809  18Cr-10Ni-Cb 8 (9 75 30 1.00
Bar: Ferritjc/Martensitic
A479 XM-27 S44627  27Cr-1Mo 101 (2) 65 40 1.00
Bar: Ferritjc/Austenitic
A479 SB1803 S§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
2205 §32205  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 95 65 1.00
$32750 $32750  25Cr-7Ni-4Mo-N 10H (1) (22) (23) 116 80 1.00
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ASME B31.1-2020

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type
or Spec.

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade No.

Bar: Austenitic (Cont’d)
20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 125 123 99 310S A479
20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 129 12.7 125 123 99 310S
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 17.6 174 173
269 269 25.5 24.3 23.5 23.0 22.8 22.7 22.6
20.0| 17.3 15.6 14.3 133 12.6 123 12.1 119 118 11.6 11.5 114 113 112 111 98 74 316 A479
20.0| 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 3l6
20.01 17.3 15.6 14.3 133 12.6 12.3 12.1 119 118 11.6 115 114 113 112 111 98 7.4°'‘316H
20.0] 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 9.8 , 7.4/ 316H
16.7| 14.1 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 12.7 124 121 119 116 1147»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 98 74 316N
229| 229 22.0 215 21.2 21.0 20.5 20.0 19.6 19.2 188 185 18.1 178 158,123 9.8 74 316N
229 20.0 179 16.3 153 14.6 317LMN
229 21.8 209 20.5 20.3 19.7 317LMN
20.01 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 124 123 12.1_120 96 69 50 3.6 321 A479
20.0| 20.0 19.1 18.7 18.7 183 179 17.5 17.2 169 16.7 165 1647149 96 69 50 3.6 321
20.0| 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3\12.1 12.0 119 9.1 69 54 321H
20.0| 20.0 19.1 18.7 18.7 183 179 17.5 17.2 169 16.7°16.5 164 162 123 9.1 69 54 321H
31.4| 31.3 29.5 28.6 282
20.0] 184 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13:6~13.5 134 134 134 121 9.1 6.1 44 347 A479
20.0| 20.0 188 17.8 17.2 169 16.8 16.8 168\16.8 16.8 16.7 16.6 160 12.1 9.1 6.1 4.4 347
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
20.01 20.0 188 17.8 17.1 169 16.8 16.8\16.8 16.8 16.8 16.7 16.6 164 16.2 141 105 7.9 347H
2001 184 17.1 16.0 15.0 14.3_140/13.8 13.7 13.6 13.5 134 134 134 121 91 61 44 348 A479
20.0] 20.0 188 178 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 44 348
20.0| 184 17.1 16.0 15.07143 14.0 13.8 13.7 13.6 13.5 134 134 134 134 133 105 79 348H
20.01 20.0 188 17.8 17.1+169 16.8 168 16.8 16.8 16.8 16.7 16.6 164 16.2 141 105 7.9 348H

Bar: Ferritic/Martensitic
18.6( 18.6 18:3%\18.1 18.1 18.1 18.1 XM-27 A479

Bar: Ferritic/Austgnitic
25.7| 2597 24.8 239 233 23.1 $31803 A479
269 269 25.6 24.7 24.7 247 $32101
271 27.1 262 25.2 24.6 24.3 2205
33.1 33.0 31.2 30.1 29.6 29.4 S32750
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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 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 reqfiirements of those standards. The allowable stress values given in this Table are for use in designing piping components that gre 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 FIGURES 400:1.2-1 THROUGH 100.1.2-B.

(2) Use of this material at temperatures above 650°F is not approved because of the possibility of temper embrittlement.

(3) Thissfeel 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) For fitkings made from ASTM A182 forgings over 5 in. in thickness, the allowable stress values tabulated shall be reduced by the ratjo of 70
dividgd by 75.

(5) The njaterial quality factors and allowable stress values for these materials may“be ‘increased in accordance with para. 102.4.¢.

(6) Tensile strengths in parentheses are expected minimum values.

(7) See M}S SP-43 for requirements for lightweight stainless steel fittings. MSS SP;43 Schedule 5S fittings shall not be used for design tempera-
tures pbove 400°F. MSS SP-43 Schedule 10S fittings shall not be used for“design temperatures above 750°F.

(8) The mpaterial quality factor for centrifugally cast pipe (0.85) is based on all surfaces being machined after heat treatment. The surfacq finish,
after machining, shall be 250 pin. arithmetic average deviation or smoother.

(9) Duetdtherelatively low yield strength of these materials, these highierallowable 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 stress values may result in dimensional changeq due to
permgnent strain. These values should not be used for theflanges 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 quenching inwater or rapidly cooling by other means.

(12) These|allowable stress values apply to foxgings over 5 in. in thickness.

(13) The allowable stress values tabulated fertemperatures over 800°F apply only if the carbon content of the material is 0.04% or higher.

(14) These|allowable stress values shall\bée used only when the grain size of the material is ASTM No. 6 or coarser.

(15) Theselallowable stress values shall be used when the grain size of the material is finer than ASTM No. 6 or when the grain size has n¢t been
deterthined.

(16) Use of external pressure.charts for material in the form of barstock is permitted for stiffening rings only.

(17) Atthelferrite levels tabulatéd below, these materials will have significant reductions in Charpy V-notch toughness values at room tejpera-
ture apd below following'service exposure at the indicated temperatures. This reduction indicates the potential for brittle fracture with high
rate Igading in the\presence of sharp notches or cracks.

Ferrite Content, % Service Temperature, °F
5 and less 1,100 and above

10 900 and abave

15 800 and above

20 700 and above

25-30 600 and above

35-40 500 and above

(18) The stress values at 1,050°F and above shall be used only when the grain size is ASTM No. 6 or coarser.

(19) These allowable stress values apply for single or double butt welded pipe with radiography per para. 136.4.5.

(20) These allowable stress values apply for double butt welded pipe, without radiography.

(21) These allowable stress values apply for single butt welded pipe, without radiography.

(22) Any heat treatment applied to this material shall be performed at 1,880°F to 2,060°F, followed by a rapid cool.
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Table A-3 Stainless Steels (Cont’d)

NOTES: (Cont'd)

(23) 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).

(24) Exceptfor UNSNo.S32003 material, any heat treatment applied shall be performed at 1,870°F to 2,010°F, followed by arapid cool. For ASTM
A182, ASTM A240, and ASTM A479 material, this is more restrictive than the material specification and shall be met. For UNS No. S32003
material, any heat treatment applied shall be performed at 1,850°F to 2,050°F, followed by rapid cooling in air or water.

(25) Openings = 4 in. shall conform to para. 127.4.8, except that full penetration welds shall be used and separate reinforcing pads shall not be
used.

(26) Thissteel may he expected to develop embrittlement after exposure to temperatures ahove S00°F for prolanged times See ASME BPVC,

Jection II, Part D, Appendix A, A-207 and A-208.
(27) These allowable stress values apply only to forgings 5 in. in thickness and under.
(28) The stress values at temperatures above 1,000°F apply only if Supplementary Requirement S1 has been specified.
(29) The material shall have an ASTM grain size of 7 or coarser for use at 1,000°F (550°C) and above.
(30) These allowable stress values apply to seamless pipe <% in. wall thickness.
(31) These allowable stress values apply to seamless pipe >% in. wall thickness.
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Table A-4 Nickel and High Nickel Alloys

Spec.
No.

Specified Specified

UNS Minimum Minimum E
Alloy Temper or Nominal P- Tensile, Yield, or
No. Condition Composition No. Notes ksi ksi F

Seamless Pipe and Tube

B161

B161

B163

B165

B167

B167

B167

B407

B423

B444

B622

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 (€8] 65 40 1.00
N02201 Annealed Ni-Low C 41 (1) (5) 50 12 1{00
N02201 Annealed Ni-Low C 41 (1) (6) 50 10 1/00
N02201  Str. rel. Ni-Low C 41 (D 60 30 1{00
N08800 Annealed Ni-Cr-Fe 45 7N 75 30 1/00
N08800 Annealed Ni-Cr-Fe 45 2) (™M 75 30 1j00
N08810 Annealed Ni-Cr-Fe 45 65 25 1{00
N08810 Annealed Ni-Cr-Fe 45 (2) 65 25 1{00
N04400 Annealed Ni-Cu 42 1) (5) 70 28 1/00
N04400 Annealed Ni-Cu 42 (1) (6) 70 25 1100
N04400  Str. rel. Ni-Cu 42 (1) () (3) 85 35 100
N06600 H.F./ann. Ni-Cr-Fe 43 (5) 80 30 1/00
N06600 H.F./ann. Ni-Cr-Fe 43 (2\(5) 75 30 1100
N06600 H.F./ann. Ni-Cr-Fe 43 ) 75 25 1100
N06600 H.F./ann. Ni-Cr-Fe 43 V' (2) (6) 80 25 100
N06600 C.D./ann. Ni-Cr-Fe 43 (5) 80 35 1/00
N06600 C.D./ann. Ni-Cr-Fe 43 2) (5) 80 35 1100
N06600 C.D./ann. Ni-Cr-Fe 43 (6) 80 30 1/00
N06600  C.D./ann. Ni-Cr-Fe 43 (2)(6) 80 30 1/00
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (7N 95 35 1/00

06617 Annealed 52Ni-22€r=13Co-9Mo 43 2) (7 95 35 1/00
N06690 C.W./ann. 58Ni-29Cr-9Fe 43 (7) (23) 85 35 1100
N06690 C.W./ann. 58Ni-29Cr-9Fe 43 (2) (7) (23) 85 35 100

08800 C.D./ann. Ni-Cr-Fe 45 (7N 75 30 1100

08800 C.D./ann, Ni-Cr-Fe 45 2) (M) 75 30 1/00
N08810 Annealed Ni-Cr-Fe 45 (7) 65 25 1100
N08810 Annealed Ni-Cr-Fe 45 2) (M) 65 25 100
N08825.\"C.W./ann. Ni-Fe-Cr-Mo-Cu 45 (7 85 35 1{00

08825 C.W./ann. Ni-Fe-Cr-Mo-Cu 45 2) (M) 85 35 1100
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
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 1) (2) 100 45 1.00
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Table A-4 Nickel and High Nickel Alloys

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS

Alloy Spec

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.

Seamless Pipe and Tube

10.0 10.0 10.0 10.0 10.0 10.0 .. N02200 B161
8.0 80 80 80 80 80 .. N02200
186 186 186 18.6 183 17.7 .. N02200

80| 77 75 75 75 75 75 74 74 72 58 45 37 30 24 2.0 1.5 1.2 NO022p1 Ble6l
67| 64 63 62 62 62 62 62 61 60 58 45 37 30 24 2.0 1.5 1.2_\ WNo022p1
1711171 17.0 17.0 168 163 .. N022p1

20.0 (185 178 17.2 168 163 16.1 159 157 155 153 151 149 147 145 13.0 9.8 6.6 N088D0 B163
20.0 | 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 17.0 130 2.8 6.6 N088PO0
16.7 | 154 14.4 13.6 129 122 119 116 114 111 109 10.7 105 104 102 10.0 9.3 7.4 NOSSEO

16.7 | 16.7 16.7 16.7 16.7 16.7 161 15.7 153 15.0 14.7 145 142 140 138 Al6 9.3 7.4  NO88JLO
18.7 | 164 15.2 14.7 147 147 147 146 145 143 11.0 80 .. N044p0 B165
16.7 | 146 136 13.2 13.1 131 131 13.0 129 127 11.0 80 .. N044p0
24.3 | 243 243 243 243 .. N044p0

20.0 [ 19.1 183 17.5 168 16.2 159 15.7 155 152 151 149 10.6\\. 7.0 4.5 3.0 2.2 2.0 NO66p0 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 N066p0
16.7 | 159 15.2 14.6 14.0 13.5 133 13.1 129 12.7 125 124106 7.0 4.5 3.0 2.2 2.0 N066p0
16.7 | 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 160 106 7.0 4.5 3.0 2.2 2.0 N066p0

229 (213 208 20.5 202 199 198 19.6 194 19.1 187 160 10.6 7.0 4.5 3.0 2.2 2.0 NO066p0 B167
229|229 229 229 229 229 229 229 229 22084224 160 106 7.0 4.5 3.0 2.2 2.0 N066p0
20.0 [ 19.1 183 17.5 168 16.2 159 15.7 15.5+/5.2 151 149 106 7.0 4.5 3.0 2.2 2.0 N066p0
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 N066p0

233 (208 19.2 181 17.2 166 164 16.2.16.0 159 158 157 156 155 154 154 153 153 NO66[l7 B167
233 (233 233 233 233 225 224219 217 215 213 21.2 21.0 209 209 208 20.7 181 NO66|L7
233 (211 199 191 186 184 1847184 184 184 184 183 165 116 9.0 6.5 4.5 3.0 N066P0
233 (233 233 233 231 229 229 228 227 226 225 222 165 116 9.0 6.5 4.5 3.0 N066P0

20.0 (185 178 17.2 168 163 16.1 159 157 155 153 151 149 147 145 130 9.8 6.6  N088DO B407
20.0 | 20.0 20.0 20.0_260.0* 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 17.0 130 9.8 6.6  N088PO0
16.7 | 154 144 136<129 122 119 116 114 111 109 10.7 10.5 104 102 10.0 9.3 7.4 NOSSEO

16.7 | 16.7 16.7,.16:7 16.7 16,5 161 157 153 15.0 14.7 145 142 140 138 116 9.3 7.4  NO88|L0
233 | 214 <208 194 185 178 175 173 172 17.0 .. NO088R5 B423
23.3 | 23.3./23.3 23.3 233 233 233 233 232 230 .. N088R5
26.7 249 23.6 226 218 21.1 208 20.6 203 20.1 20.0 19.8 19.7 195 194 194 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 26.7 24.6 229 215 204 20.0 19.6 193 19.0 .. N06022 B622
28.6 28.6 282 27.2 265 260 258 256 254 253 .. N06022
273 249 23.0 213 199 188 182 178 174 171 169 16.7 16.6 165 N10276
273 273 273 273 269 252 246 24.0 235 231 228 22.6 224 223 N10276

28.6 25.6 231 213 20.1 193 189 187 184 182 180 178 176 175 173 171 169 136 R30556
28.6 28.6 28.0 27.1 264 260 25.6 252 249 24.6 243 241 238 236 233 212 170 136 R30556
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Table A-4 Nickel and High Nickel Alloys (Cont’d)

Specified Specified

UNS Minimum Minimum E
Spec. Alloy Temper or Nominal P- Tensile, Yield, or
No. No. Condition Composition No. Notes ksi ksi F

Seamless Pipe and Tube (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) (2) 87 43 1.00

N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 45 (1) (19) (20) 94 43 1.00

08926  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 1loo

N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (21) 100 45 100

N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (2) (21) 100 45 1j00

B729 N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 @8] 80 35 1j00
N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 (1) (2) 80 35 1jo0

Welded Pipe and Tube

B464 N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 @8] 80 35 0{85
N08020 Annealed Ni-Fe-Cr-Mo-Cu-Cb 45 1@ 80 35 0J85

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 0{85

B546 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 ™™ 95 35 0{85
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 M (2) (7 95 35 0{85

B619 N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (12) 100 45 0{85
N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (2) (12) 100 45 0J85

N10276 Sol. ann. Low C-NizMo-Cr 43 (12) 100 41 0{85

N10276  Sol. ann. Low C=Ni=Mo-Cr 43 (2) (12) 100 41 0J85

R30556 Annealed Ni-Fe=€r-Co-Mo-W 45 (1 100 45 0J85

R30556  Annealed Ni-Fe-Cr-Co-Mo-W 45 (1D (2) 100 45 0J85

B626 N06022  Sol. ann. Ni-Mo-Cr-Low C 44 (12) 100 45 0{85
N06022  Sol. anne Ni-Mo-Cr-Low C 44 (2) (12) 100 45 0[85

N10276  Sol. afin. Low C-Ni-Mo-Cr 43 (12) 100 41 0J85

N10276 Sel-ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 0[85

R30556 ¢, ‘Annealed Ni-Fe-Cr-Co-Mo-W 45 1) 100 45 0J85

R30556\ " Annealed Ni-Fe-Cr-Co-Mo-W 45 1) 2 100 45 0{85

B673 N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 [§9) 87 43 0.85
N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 (1D (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 17.0 169 169 169 .. 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 .. NO89R6

27112622 238 219 205 194 19.0 186 183 18.0 .. N083p7 B690
2711271 25.7 24.6 23.8 233 231 229 228 226 .. NO083p7
286 | 26.2 238 219 205 194 19.0 186 183 18.0 .. N083p7
28.6 | 28.6 27.0 25.8 250 245 243 241 240 238 .. N083p7

229|206 19.7 189 182 17.7 175 174 172 168 .. NO80R0O  B729
229|229 226 222 221 221 220 219 218 218 .. NO8ORO0

Welded Pip¢ and Tube

19.4 | 17.5 16.7 16.1 155 15.0 149 148 14.6 143 .. NO8ORO  B464
194 |1 194 19.2 188 188 188 187 186 185 185 .. NO080RO0
19.4 | 17.5 16.7 16.1 155 15.0 149 148 146 143 .. NO80ORO  B468
194 1194 19.2 188 188 188 18.7 18.6 185 185 .. NO080RO

198 | 17.7 163 154 146 141 139 138 13.6 135 134,133 133 132 131 131 13.0 13.0 NO66|l7 B546
198 | 19.8 198 198 198 19.1 188 186 184 183 181 180 179 178 178 177 176 154 NO66[7

24.3 | 22.7 209 194 183 174 17.0 16.7 164 ,16.2 .. NO060R2  B619
24.3 | 22.7 209 194 183 174 17.0 16.7 (164 16.2 .. NO060R2
23.2 (212 196 181 169 16.0 155 151,148 145 144 142 141 14.0 N1026
23.2 1232 232 232 229 214 209.204 20.0 19.6 194 19.2 19.0 19.0 N102f6

243|218 19.6 181 17.1 164 16.1+/159 157 155 153 152 15.0 148 147 145 144 11.6 R305p6
24.3 | 243 23.8 23.0 225 224 217 214 211 209 20.7 20.5 20.2 200 198 180 144 11.6 R305p6

24.3 | 243 239 231 226, 221 219 218 216 215 .. NO60R2  B626
24.3 | 243 239 23.1-22:6 221 219 218 216 215 .. NO060R2
23.2 1212 19.6 181°M6.9 16.0 155 151 148 145 144 142 141 14.0 N10276
23.2 | 23.2 232«28.2 229 214 209 204 20.0 19.6 194 19.2 19.0 19.0 N10276

243 | 21.8 196,181 171 164 16.1 159 157 155 153 152 15.0 148 147 145 144 11.6 R305p6
243 | 243..23.8 23.0 225 221 21.7 214 211 209 20.7 20.5 20.2 200 198 180 144 11.6 R305p6

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 17.0 .. 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 17.0 .. 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
08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 M) @) (21D 100 45 0]85
B676 N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (22) 95 45 0{85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8) (22) 95 45 0{85
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (21) 100 45 085
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8) (21) 100 45 olss
B704 N06625 Annealed Ni-Cr-Mo-Cb 43 (14) 120 60 0[85
B705 N06625 Annealed Ni-Cr-Mo-Cb 43 (14) 120 60 0J85
B804 N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) 95 45 085
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) (8) 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 (1962 (8) (21) 100 45 0[85
Plate, Sheet, and Strip

B168 N06600 Annealed Ni-Cr-Fe 43 80 35 1/00
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-13€o49Mo 43 (7N 95 35 1/00
N06617 Annealed 52Ni-22Cr<13Co-9Mo 43 2) (7 95 35 1/00
N06690 Annealed 58Ni-29Cr-9Fe 43 (7) 85 35 1/00
N06690  Annealed 58Ni-29Cr-9Fe 43 (2) (7) 85 35 1{oo
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) (M 65 25 1100
B424 N08825 ¢ ‘Amnealed Ni-Fe-Cr-Mo-Cu 45 (7 85 35 1{00
N08825\" Annealed Ni-Fe-Cr-Mo-Cu 45 2) (7) 85 35 1{00
B435 30556 Annealed N1-Fe-Cr-Co-Mo-W 75 0 TO0 75 T.00
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 M@ 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 [243 230 22.0 213 20.8 20.7 205 204 202 .. N083p7

23.1 222 202 187 174 165 161 158 155 153 .. N083p7 B676
2311231 218 209 20.2 198 19.6 19.5 194 192 .. NO083p7
2431222 202 187 174 165 16.1 158 155 153 .. NO083p7
243 | 243 23.0 22.0 21.3 208 20.7 20.5 204 202 .. NO083p7

29.1 129.1 291 285 280 275 273 27.0 268 26.5 263 26.0 257 254 251 247 N066R5  B704

29.1 129.1 29.1 285 28.0 275 273 27.0 268 26.5 263 26.0 25.7 254 251 \(24.7 NO66R5 B705

23.1 222 202 187 174 165 161 158 155 153 .. N083p7 B804
23.1 1231 218 209 202 19.8 19.6 19.5 194 192 .. N083p7
243222 202 187 174 165 161 158 155 153 .. N083p7
243 | 243 23.0 22.0 21.3 208 20.7 20.5 204 202 .. NO083p7

Plate, Sheet, and Strip
229 | 213 20.8 20.5 20.2 199 198 19.6 194 19.1 18.7-.16.0 106 7.0 4.5 3.0 2.2 2.0 N066pP0 B168
229 (229 229 229 229 229 229 229 229 229 224 160 106 7.0 4.5 3.0 2.2 2.0 N066pP0
233 (221 215 213 213 212 211 21.0 208 205%20.1 19.7 193 145 103 7.2 58 55  NO066pP0
23.3 (233 233 233 233 233 233 233 23341233 233 233 233 145 103 7.2 58 55  N066pP0

233 (208 19.2 181 17.2 166 164 16.2 \160 159 158 157 156 155 154 154 153 153 NO66[l7 B168
233 (233 233 233 233 225 221 219-217 215 213 212 21.0 209 209 208 207 181 NO66|L7
23.3 | 233 233 233 23.1 229 229228 22.7 22.6 225 222 165 116 9.0 6.5 4.5 3.0 N066P0
2331211 199 19.1 186 184 (184 184 184 184 184 183 165 11.6 9.0 6.5 4.5 3.0 N066P0

20.0 | 185 17.8 17.2 168 (@68 16.1 159 157 155 153 151 149 14.7 145 130 9.8 6.6 N088D0O 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 N088PO
16.7 | 154 144 13.6~129 122 119 116 114 111 109 10.7 10.5 104 102 10.0 9.3 7.4 NOSSEO

16.7 | 16.7 16.7 16.4%6.7 165 16.1 15.7 153 15.0 14.7 145 142 14.0 138 116 9.3 7.4  NO88JLO
233|214 208,194 185 178 175 173 172 17.0 .. NO088R5 B424
233 | 233233 23.3 233 233 233 233 232 230 .. N088R5

28,6 25,6 23.I 213 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 27.1 264 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 19.5 194 194 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 33.6 329 324 321 318 315 312 309 30.6 303 299 295 29.0 N06625
229 206 19.7 189 182 17.7 175 174 172 168 .. 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
10276  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 1{00
N08925 Annealed Ni-Fe-Cr-Mo-Cu-Low C 45 1) 2 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
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 1) (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 45 100
Bars, Rods| Shapes, and Forgings

B166 N06617  Annealed 52Ni-22Cr-13Co-9Mo 43 (7N 95 35 1/00
N06617  Annealed 52Ni-22Cr-13Co-9Mo 43 (2) (A 95 35 1/00
N06690 Annealed 58Ni-29Cr-9Fe 43 (7Y 85 35 1{00
N06690 Annealed 58Ni-29Cr-9Fe 43 2) (7) 85 35 1/00
B408 N08800 Annealed Ni-Cr-Fe 45 (7 75 30 1{00
N08800 Annealed Ni-Cr-Fe 45 2) (7 75 30 1/00
N08810 Annealed Ni-Cr-Fe 45 (7) 65 25 1/00
N08810 Annealed Ni-Cr-Fe 45 2) (M 65 25 1/00
B425 N08825 Annealed Ni-Fe-Cr-Mo-£u 45 (7) 85 35 1/00
N08825 Annealed Ni-Fe-Cr-Mo-Cu 45 2) (™M) 85 35 1100
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 Ni3Cr-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 1/00
B473 N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 (1) 80 35 1{00
N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 1) (2 80 35 1j00
B564 N06617\ Annealed 52Ni-22Cr-13Co-9Mo 43 (7) 95 35 100
N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 2) (7 95 35 1j00
N06625 Annealed Ni-Cr-Mo-Cb 43 (2) (14) (16) 110 50 1.00
N06625 Annealed Ni-Cr-Mo-Cb 43 (2) (14) (15) (17) 120 60 1.00
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 27.2 265 26.0 258 256 254 253 .. N06022 B575
28.6 286 282 27.2 265 26.0 258 256 254 253 .. N06022
273 249 23.0 213 199 188 182 178 174 17.1 16.8 16.7 165 16.5 N10276
273 [27.3 27.3 27.3 269 252 24.6 24.0 235 231 22.8 22.6 224 223 N102)76

249 | 23.2 213 198 183 173 17.0 169 169 169 .. NO89R5 B625
249 | 249 239 23.0 221 214 21.1 208 204 201 .. NO089R5
269 | 241 21.5 19.7 18.7 18.0 17.7 175 174 .. NO089R6
269 | 269 26.2 24.8 23.7 228 224 220 216 .. NO89R6

27.1 | 26.2 23.8 219 20.5 194 19.0 186 183 18.0 .. N083p7 B688
27.1 | 271 25.7 24.6 23.8 233 23.1 229 228 226 .. N083p7
28.6 | 26.2 238 219 205 194 19.0 186 183 18.0 .. N083p7
28.6 | 28.6 27.0 25.8 25.0 24.5 243 241 24.0 238 .. N083p7

Bars, Rods, Shapes, and Forgings
2331208 19.2 181 172 166 164 16.2 16.0 159 158 15.7 15.6 155 154 154 153 15.3 NO66[L7 B166
2331233 233 233 233 225 221 219 217 215 21.3 21.2 21.05209 209 208 20.7 181 NO66{L7
23.3 | 23.3 23.3 233 23.1 229 229 228 227 226 225 222 1657 116 9.0 6.5 4.5 3.0 N066P0
233 (211 199 19.1 186 184 184 184 184 184 184 183965 116 9.0 6.5 4.5 3.0 N066pP0

20.0 | 185 17.8 17.2 168 163 16.1 159 157 155 1535151 149 14.7 145 130 9.8 6.6 N088D0 B408
20.0 | 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0° 20.0 20.0 199 17.0 130 9.8 6.6  N088PO
16.7 | 154 144 13.6 129 122 119 116 114 111,109 10.7 105 104 102 10.0 9.3 7.4 N088E0

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  NO0O88JLO
233|214 203 194 185 178 175 173 (1722 17.0 .. NO088R5 B425
233|233 233 233 233 233 233 233 232 230 .. NO088R5
26.7 | 249 23.6 22.6 21.8 21.1 2081\20.6 203 20.1 20.0 19.8 19.7 19.5 194 194 NO66R5 B446
314 | 314 314 308 30.2 29.7 294 29.1 289 286 283 28.0 27.7 274 270 266 NO66R5
343 [ 343 343 33.6 329 324 321 318 315 31.2 309 30.6 303 299 295 29.0 NO66R5
229|206 19.7 189 182 17.7 175 174 172 168 .. NO8ORO  B462
229|229 226 222,221 221 220 219 218 218 .. NO080RO0
229 | 20.6 19.7 48,9 182 17.7 175 174 172 168 .. NO8ORO  B473
229|229 226222 221 221 220 219 218 218 .. NO80RO0

233 1208.19.2 181 17.2 16.6 164 16.2 16.0 159 158 15.7 15.6 155 154 154 153 153 NO66[l7 B564
233 (283 233 233 233 225 221 219 217 215 213 21.2 21.0 209 209 208 207 181 NO66|L7

314 314 314 308 30.2 29.7 294 29.1 289 286 283 28.0 27.7 274 27.0 266 N06625
343 343 343 33.6 329 324 321 318 315 312 309 30.6 303 299 295 29.0 N06625
27.1 262 238 219 205 194 19.0 186 183 18.0 .. N08367 B564
271 271 25.7 24.6 238 233 231 229 228 226 N08367

20.0 185 178 172 168 163 16.1 159 157 155 153 151 149 147 145 130 9.8 6.6 N08800
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 199 17.0 130 9.8 6.6 N08800
16.7 154 144 13.6 129 122 119 116 114 111 109 10.7 10.5 104 102 10.0 9.3 74  N08810
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 74  N08810
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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 (€))] 100 45 1.00
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (D (2) 100 45 1.00
B574 06022 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 1100
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 a1 100
B649 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) @2 87 43 1/00
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C 1 94 43 1/00
N08926 Annealed Ni-Fe-Cr-Mo-Cu-N-Low C . M@ 94 43 1/00
B691 N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (8) (22) 95 45 1/00
N08367  Sol. ann. Fe-Ni-Cr-Mo-Cu-N 45 (1) (2) 8Y (21 95 45 1j00

Seamless Fjittings

B366 N06022  Sol. ann. Low C-Ni-Mo-Cr 44 12) 100 45 1{00
N06022  Sol. ann. Low C-Ni-Mo-Cr 44 (2) (12) 100 45 1{00
N06625 Annealed Ni-Cr-Mo-Cb 43 (14) 110 50 1/00
B366 N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 1 80 35 1/00
N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 M@ 80 35 1/00
N08367 Annealed Fe-Ni-Cr-Mo-N 45 (1) (8) (22) 95 45 1/00
N08367 Annealed Fe-Ni-Cr-Mo-N 45 (1) (2) (8) (22) 95 45 1/00
B366 N08925 Annealed Low C=Ni=Fe-Cr-Mo-Cu 45 1 87 43 1/00
N08925 Annealed Low~C=Ni-Fe-Cr-Mo-Cu 45 (D) (2) 87 43 1{00
N08926 Annealed Eow C-Ni-Fe-Cr-Mo-Cu-N 45 (1 94 43 1{00
N08926 Annealed Low C-Ni-Fe-Cr-Mo-Cu-N 45 1 @2 94 43 1/00
B366 N10276 Sol. anne Low C-Ni-Mo-Cr 43 (12) 100 41 1/00
N10276  Sol. afin. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 1/00
R30556 Amnealed Ni-Fe-Cr-Co-Mo-W 45 (1) 100 45 1{00
R30556 ¢ Annealed Ni-Fe-Cr-Co-Mo-W 45 1)@ 100 45 1/00
B462 N08367 Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (8) (22) 95 45 1{00
N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (2) (8) (22) 95 45 1.00
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 25.6 231 213 201 193 189 187 184 182 180 178 176 175 173 171 169 136 R30556 B572
286 28.6 28.0 27.1 264 260 25.6 252 249 246 243 241 238 236 233 212 170 136 R30556

28.6 [22.9 229 22.6 222 221 221 220 219 218 N060R2 B574
28.6 | 28.6 282 27.2 265 26.0 258 25.6 254 253 .. NO60p2
273|249 23.0 21.3 199 188 182 178 174 17.1 169 16.7 16.6 16.5 N102[6
27.3 1273 27.3 273 269 252 246 24.0 235 23.1 228 22.6 224 223 N102)6

2491232 213 19.8 183 173 17.0 169 169 169 NO089R5 B649
249|249 239 23.0 221 214 211 208 204 20.1 N089R5
269 | 241 21.5 19.7 18.7 18.0 17.7 175 174 NO89R6
269 | 269 26.2 248 23.7 228 224 220 216 NO89p6

27.1126.2 238 219 205 194 19.0 186 183 18.0 N083p7 B691
27.1 1271 257 24.6 238 233 231 229 228 226 N083p7

Seamlgss Fittings

28.6 | 26.7 24.6 229 215 204 20.0 19.6 19.3 19.0 NO60R2  B366
28.6 | 28.6 282 27.2 265 26.0 258 25.6 254 253 .. N060p2
314 | 314 314 30.8 302 29.7 294 29.1 289 28.6 283280 27.7 274 270 266 21.0 132 NO66R5

2291206 19.7 189 182 17.7 175 174 172 168 NO80OR0O  B366
229 1229 226 222 221 221 220 219 218 218 NO8ORO0
27.1 1262 238 219 205 194 19.0 186 18.37,18.0 N083p7
27.1 1271 257 24.6 23.8 233 231 229 (228 226 N083p7

2491232 213 198 183 173 170,169 169 169 NO89R5 B366
249 | 249 23.0 23.0 221 214 21317208 204 20.1 NO89R5
269 | 241 215 19.7 187 180 17.7 175 174 NO089R6
269 | 269 262 24.8 23.7 (228" 224 22.0 216 N089R6

273 1249 23.0 2134199 188 182 178 174 17.1 169 16.7 166 165 N102f6 B366
27.3 1273 27.3 273,7\269 252 24.6 24.0 235 231 228 22.6 224 223 N102)6
28.6 | 25.6 23.1<21.3 20.1 193 189 187 184 182 180 178 176 175 173 171 169 136 R305p6
28.6 | 28.6 280,271 264 26.0 256 252 249 24.6 243 241 238 23.6 233 212 170 136 R305p6

27.1 | 262~ 23.8 219 20.5 194 19.0 18.6 183 18.0 N083p7 B462
27.1 27.1 25.7 24.6 23.8 233 23.1 229 228 226 N08367

Welded Fittings

243 227 209 194 183 174 17.0 16.7 164 16.2 N06022 B366
286 26.7 24.6 229 215 204 200 19.6 193 19.0 N06022
243 243 239 231 226 221 219 218 216 215 N06022
28.6 286 282 272 265 260 258 25.6 254 253 .. N06022
26.7 26.7 267 262 25.7 252 250 247 246 243 241 238 235 233 23.0 226 N06625
314 314 314 308 302 29.7 294 291 289 28.6 283 280 27.7 274 270 266 N06625
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Table A-4 Nickel and High Nickel Alloys (Cont’d)

Spec.
No.

Specified Specified

UNS Minimum Minimum E
Alloy Temper or Nominal P- Tensile, Yield, or
No. Condition Composition No. Notes ksi ksi F

Welded Fittings (Cont’d)

B366

B366

B366

B366

B366

B366

N08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 €9)] 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) (2 80 35 0.85

08020 Annealed Cr-Ni-Fe-Mo-Cu-Cb 45 M (2) (13) 80 35 1]00
N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (8) (22) 95 45 0J85
N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (8) (13) (22) 95 45 1loo
N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (2) (8) (22) 95 45 0{85
N08367  Sol. ann. Fe-Ni-Cr-Mo-N 45 (1) (2) (8) (13) (22) 95 45 1j00
N08925 Annealed Low C-Ni-Fe-Cr-Mo-Cu 45 1) 87 43 0J85
N08925 Annealed Low C-Ni-Fe-Cr-Mo-Cu 45 (1) (13) 87 43 1{o0
N08925 Annealed Low C-Ni-Fe-Cr-Mo-Cu 45 (1 (2) 87 43 0J85
N08925 Annealed Low C-Ni-Fe-Cr-Mo-Cu 45 (1) (2) (13) 87 43 1/00
N08926  Annealed Low C-Ni-Fe-Cr-Mo-Cu-N 45 (1) (19)V20) 94 43 0J85
N08926 Annealed Low C-Ni-Fe-Cr-Mo-Cu-N 45 (1) (43) 94 43 1J00
N08926 Annealed Low C-Ni-Fe-Cr-Mo-Cu-N 45 (1)(2) (19) (20) 94 43 0J85
N08926 Annealed Low C-Ni-Fe-Cr-Mo-Cu-N 45 (1) (2) (13) 94 43 1J00
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (12) 100 41 0{85
N10276  Sol. ann. Low C-Ni-Mo-Cr 43 (12) (13) 100 41 100
N10276  Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) 100 41 olss
N10276 Sol. ann. Low C-Ni-Mo-Cr 43 (2) (12) (13) 100 41 1/00
R30556  Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) 100 45 0J85
R30556  Annealed Ni-Fe-Crs€o-Mo-W 45 (1) (13) 100 45 1{00
R30556 Annealed Ni-Fe=€r-Co-Mo-W 45 (1 (2) 100 45 0J85
R30556  Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (2) (13) 100 45 100
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Table A-4 Nickel and High Nickel Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS

Alloy Spec

100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 No. No.

Welded Fittings (Cont’d)

194 175 168 16.1 155 15.0 149 148 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 .. NO8ORO

231|222 202 187 174 165 16.1 158 155 153 .. N083p7 B366
27112622 238 219 205 194 19.0 186 183 18.0 .. NO083p7
23.1 1231 218 209 202 19.8 19.6 19.5 194 192 .. N083p7
27.1 | 271 257 24.6 238 233 231 229 228 226 .. N083p7

211 119.7 181 16.8 15.6 14.7 144 144 144 144 .. NO089R5 B366
249 (232 213 198 183 173 170 169 169 169 .. NO89R5
211211 204 195 188 182 179 17.7 174 17.0 .. NO89R5
249|249 239 23.0 221 214 211 208 204 201 .. NO089R5

2291205 183 16.7 159 153 150 149 148 .. N089pP6  B366
269 | 241 215 19.7 187 180 17.7 175 174 .. NO89p6
2291229 223 211 201 194 19.0 187 184 .. N089R6
269 | 269 262 24.8 23.7 228 224 220 216 .. N089R6

2321212 19.6 181 169 16.0 155 151 14.8 145 144y 14.2 141 14.0 N102f6 B366
273|249 23.0 21.3 199 188 182 178 174 17.1 169 16.7 16.6 16.5 N102[6
23.2 1232 232 232 229 214 209 204 200 19 194 19.2 19.0 19.0 N102)6
273|273 273 273 269 252 24.6 24.0 235 ,23.1 228 22.6 224 223 N102[76

2431218 196 181 171 164 161 159,157 155 153 152 15.0 148 147 145 144 116 R305p6 B366
28.6 | 25.6 231 21.3 20.1 193 189.18.7 184 182 18.0 178 17.6 175 173 171 169 136 R305p6
243 | 243 238 23.0 225 221 21.%/214 21.1 209 20.7 205 202 200 198 180 144 116 R305p6
28.6 | 28.6 28.0 27.1 264 260 256 252 249 24.6 243 241 238 236 233 212 170 136 R305p6
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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 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 tgbulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture 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 FIGURES400.1.2-1 THROUGH 100.1.2-B.

(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 yalties may result in dimensional changes|due to
permgnent strain. These values should not be used for flanges of gasketed joints or othef applications where slight amounts of distortjon can
cause |leakage or malfunction.

(3) The mjaximum temperature is limited to 500°F because harder temper adversely affects design stress in the creep rupture tempgrature
range

(4) These|values may be used for plate material only.

(5) These|values apply to sizes NPS 5 and smaller.

(6) These|values apply to sizes larger than NPS 5.

(7) See Table 104.1.2-1 for y coefficient value.

(8) Heat treatment after forming or welding is neither required 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 rapid cooling by other means.

(9) These|values apply to thickness less than % in.

(10) These|values apply to thickness from % in. up to.and-including %, in.

(11) These|values apply to thickness more than %, in.

(12) All filler metal, including consumable insert material, shall comply with the requirements of ASME BPVC, Section IX.

(13) These|values (E = 1.00) apply only to Class WX or Class 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°F or. higher, the deposited weld metal shall be of the same nominal chemistry as the base metal.

(19) Heattfeatment after fabrication and forming is neither required nor prohibited. If heat treatment is performed, the material shall be heated
for a jufficient time\in the range of 2,010°F to 2,100°F followed by quenching in water or rapid cooling by another means.

(20) Weldipg electrodesor filler metal used for welding UNS N08926 shall conform to ASME SFA-5.11 ENiCrMo-3 or ENiCrMo-4, or ASME SFA-
5.14 BRNiCrMe-3.0r ERNiCrMo-4.

(21) These|valyes apply to thicknesses ¥4 in. or less.

(22) These|values’apply to thicknesses greater than % in.

(23) Theselvalues apply to seamless pipe and tubing with outside diameter 5 inand under
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Table A-5 Cast Iron

Specified Specified E
Minimum Minimum or
Spec. No. Class Notes Tensile, ksi Yield, Kksi F
Gray Cast Iron
A48 20 (1) (2) (3) (4) 20
25 1)@ 6@ 25
30 ME@EMW 30
35 e3¢ 35
40 MEEB@W 40
45 MEEB@W 45
50 1@ 6@ 50
55 MEEBMW 55
60 MEEBMW 60
A126 A 2)B3)“® (™M 21
B 2B @™ 31
C 2B @™ 41
A378 20 2y (@) (5) 20
25 (2) 4) (5) 25
30 2) (@) (5) 30
35 2y (@) (5) 35
40 2y (@ (5) 40
45 2y (@) (5) 45
50 2y (@) (5) 50
55 2) 4) (5) 55
60 2y (@ (5) 60
Ductile Cast Iron
A395 60-40-18 (6) (8) 60 40 0.80
65-45-15 6)\8) 65 45 0.80
A336 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

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

45 45

5.0 50

5.5 55

6.0 60

2.1 A A124

3.1 B

41 C

2.0 2.0 20 A279

2.5 2.5 25

3.0 3.0 30

3.5 3.5 35

4.0 4.0 40

45 4.5 45

5.0 5.0 50

5.5 5.5 55

6.0 6.0 60

Ductile €ast Iron

9.6 9.6 9.6 9.0 8.5 60-40-18 A39§
10.4 10.4 65-45-15

9.6 9.6 9.6 9.0 8.5 60-42-10 A534
11.2 11.2 11.2 10.5 10.0 70-50-05

195


https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

ASME B31.1-2020

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 of cast iron.

(8)

eeting
the reqfiirements of those standards. The allowable stress values given in this Table are for use in designing piping components-that fre not
manufafctured in accordance with referenced standards.
(h) See parja. 124.1.2 for lower temperature limits.

NOTES:

(1) THIS MATERIAL IS NOT ACCEPTABLE FOR BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.%.2-8.

(2) Materigl quality factors are not applicable to these materials.

(3) For satfirated steam at 250 psi (406°F), the stress values given at 400°F may be used.

(4) For limjtations on the use of this material, see para. 124.4.

(5) This material shallnotbe used where the design pressure exceeds 250 psig [1 725 kPa (gage)] or where the-design temperature exceeds 450°F
(230°C).

(6) This m]‘terial shall not be used for boiler external piping where the design pressure exceeds 350 psig [2 415 kPa (gage)] or where the|design
temperpture exceeds 450°F (230°C).

(7) Piping Jomponents conforming to either ASME B16.1 or ASME B16.4 may be used for boilepexternal piping, subject to all the requiremlents of
the particular standard.

(8) For limjtations on the use of this material, see para. 124.6.
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Table A-6 Copper and Copper Alloys

ASME B31.1-2020

Size or Specified Specified E
Spec. Temper or  Thickness, P- Minimum Minimum or
No. UNS Alloy No. Condition in. No. Notes Tensile, ksi  Yield, ksi F
Seamless Pipe and Tube
B42 10200, €C12000, C12200 Annealed 31 (2) 30 9 1.00
C10200, 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 .23000 Annealed 31 (4) 40 12 1.00
£23000 Drawn 31 (2)4) 40 18 1.00
B68 £10200, C12000, C12200 Annealed 31 (1) 30 9 1.00
B75 £10200, C12000, C12200 Annealed 31 (2) 30 9 1.00
£10200, C12000, C12200 Light drawn 31 (2)4) 36 30 1.00
£10200, C12000, C12200 Hard drawn 31 (2) (4) 45 40 1.00
B88 £10200, C12000, C12200 Annealed 31 (1) 30 9 1.00
£10200, C12000, C12200 Drawn 31 (1)@ 36 30 1.00
B111 £10200, C12000 Light drawn 31 (D) 3) 36 30 1.00
£10200, C12000 Hard drawn 31 (1) 3) 45 40 1.00
£12200, C14200 Light drawn 31 (1) 3 36 30 1.00
£12200, C14200 Hard drawn 31 (1)N3) 45 40 1.00
B111 23000 Annealed 3280 (1) 40 12 1.00
£28000 Annealed 32 (2) 50 20 1.00
£44300, C44400, C44500 Annealed 32 (2) 45 15 1.00
£60800 Annealed 35 (1) 50 19 1.00
B111 68700 Annealed 32 (1) 50 18 1.00
£70400 Annealed 34 (1) 38 12 1.00
£70400 Light drawn 34 (1@ 40 30 1.00
B111 £70600 Annealed 34 (2) 40 15 1.00
£71000 Annealed 34 (2) 45 16 1.00
71500 Annealed 34 (2) 52 18 1.00
B280 £12200 Annealed 31 (1) 30 9 1.00
£12200 Drawn 31 (1)@ 36 30 1.00
B302 £12000, G12200 Drawn 31 (D) A3) 36 30 1.00
B315 £61300) 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 C70600 Annealed 4% &under 34 (1) 40 15 0.85
C70600 Annealed Over 4% 34 (1) 38 13 0.85
C71500 Annealed 4%, & under 34 (1) 50 20 0.85
C71500 Annealed Over 4%, 34 (1) 45 15 0.85
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Table A-6 Copper and Copper Alloys

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 UNS Alloy No. No.
Seamless Pipe and Tube
6.0 5.1 4.9 4.8 4.7 4.0 3.0 .. ... €10200, C12000, C12200 B42
129 129 129 129 125 118 4.3 .. .. €10200, C12000, C12200
103 103 103 103 100 9.7 94 .. ... €10200, C12000, C12200
8.0 c.0 .0 c.0 a.0 .0 2.0 PAY .. 23000 B43
80| 80 80 80 80 70 50 20 .. ... €23000
6.0 5.1 4.9 4.8 4.7 4.0 3.0 .. .. €10200, C120004C1220p B68
60| 51 49 48 47 40 30 .. ... €102003-£12000, C1220p B75
103 {103 103 103 100 9.7 94 .. ... €10200, C12000, C1220p
129 (129 129 129 125 1138 4.3 .. ... +£10200, C12000, C1220p
60| 51 49 48 47 40 30 .. .+ €10200, C12000, C1220p B88
103 | 103 103 103 100 9.7 94 .. ... €10200, C12000, C1220p
10.3 {103 103 103 10.0 9.7 94 .. .. €10200, C12000 B111
129 | 129 129 129 125 11.8 43 .. ... €10200, C12000
103 | 103 103 103 100 9.7 94 .. ... C12200, C14200
129 | 129 129 129 125 118 43 .. ... C12200, C14200
8.0 8.0 8.0 8.0 8.0 7.0 5.0 20 .. .. €23000 B111
133 (133 133 133 133 108 53 . .. €28000
10.0 | 10.0 100 100 100 98 35 20 .. .. (44300, C44400, C4450p
12.7 | 122 122 122 120 100 60 40 20().. ... €60800
12.0 {119 118 11.7 117 6.5 3.3 1.8\ .. (€68700 B111
8.0 8.0 .. .. C70400
114 | 114 .. ... C70400
100 97 95 93 90 88 ,87 85 80 70 60 .. ... C70600 B111
10.7 | 10.6 10.5 104 102 #01- 99 96 93 89 84 77 70 .. .. C71000
12.0 (11,6 113 11.0 10.8_ 105 103 10.1 9.9 9.8 9.6 9.5 9.4 .. C€71500
60| 51 49 48747 40 30 .. .. C12200 B280
103 | 10.3 103 03, 100 9.7 94 .. .. C12200
10.3 103 10,3 ~10.3 10.0 9.7 94 .. .. €12000, C12200 B302
186 | 186185 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 .. .. C70600 B467
74 72 70 68 67 65 64 63 62 57 43 .. .. C70600

11.3 109 10.7 104 102 100 97 96 94 92 91 .. ... C71500
85 82 80 78 76 75 73 72 70 69 68 .. .. C71500
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Table A-6 Copper and Copper Alloys (Cont’d)

Size or Specified Specified E
Spec. Temper or  Thickness, P- Minimum Minimum or
No. UNS Alloy No. Condition in. No. Notes Tensile, ksi  Yield, ksi F

Welded Pipe and Tube (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
£70600 Hot rolled 2% & under 34 (1) 40 15 100
[71500 Annealed 2% & under 34 (1) 50 20 1.00
£71500 Annealed Over2'%to5 34 (1) 45 18 1.00

Rod

B16 £36000 Annealed 1 & under 2)3) (M6 48 20 1.00
£36000 Annealed Over 1 to 2 23 ™ ® 44 18 1.00
£36000 Annealed Over 2 2)(3) (7)) 40 15 1.00

B151 71500 Annealed Over 1 34 (1) 45 18 1.00

B453 £35300 Annealed Under % (2) (3) (ZN8) 46 16 1.00
£35300 Annealed Y%to 1 2) (3) (A (8) 44 15 1.00
35300 Annealed Over 1 (22(3)*(7) (8) 40 15 1.00

Bar

B16 £36000 Annealed 1 & under 2)3) (M6 44 18 1.00
[36000 Annealed Over 1 2) (3) (/) (8) 40 15 1.00

Die Forgings (Hot Pressed)

B283 £37700 As forged 1% & under M3 50 18 1.00
£37700 As forged Over 1% M3 46 15 1.00

Castings

B61 £92200 AS cast 34 16 0.80

B62 £83600 As cast 30 14 0.80

B148 £95200 As cast 35 (1) 65 25 0.80
£95400 As cast 35 (1) (5) 75 30 0.80

B584 £92200 As cast 34 16 0.80
£93700 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
100 97 95 93 90 88 87 85 80 70 60 .. ... C70600
13.3 1129 126 123 120 11.7 115 112 11.0 108 10.7 106 104 .. .. C71500
120 | 116 113 110 108 105 103 101 99 98 96 95 94 . ... C71500
Rod
133|126 120 115 111 107 53 20 .. .. C36000 B16
12.0 | 11.3 108 104 100 9.7 53 20 .. .. 636000
100| 94 90 87 83 81 53 20 .. «~ €36000
12.0 | 11.6 113 11.0 108 105 103 101 99 98 96 95 94 .. ... C71500 B151
107 1101 96 92 89 86 53 20 .. ... €35300 B453
100 94 90 87 83 81 53 20 .. .. C35300
100 94 90 87 83 81 53 20 .. ... €35300
Bar
12.0 | 11.3 108 104 100 9.7 53 20 .. ... €36000 B16
100| 94 90 87 83 81 53 20 .. .. (€36000
Die Forgings (Hoft Pressed)
12.0 | 11.3 108 C37700 B283
100 | 94 9.0 C37700
Castings
78| 78 78 78 78 78 ;66 62 58 40 .. ... €92200 B61
69| 69 69 69 66 )65 55 54 .. .. €83600 B62
134 | 126 122 118) 1.6 114 114 114 114 94 59 .. ... €95200 B148
16.0 | 152 150 _Q148" 148 148 148 128 111 88 68 .. ... €95400
78| 78 _\48 78 78 78 66 62 58 40 .. ... €92200 B584
64| 5955 53 53 52 51 93700
60| §8 56 55 54 C97600
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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.
The stress values in this Table may be interpolated to determine values for intermediate temperatures.
The P-Numbers listed in this Table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, and welding
operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.
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The materials listed 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

ASME B31.1-2020

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) @) 13 4.5 1.00
Alclhd A93003 H14 0.010 to 0.500 2T MR ® 19 16 1.0
B210 A95050 0 0.018 to 0.500 21 (1) 18 6 1.0p
Alclhd A95050 0 0.018 to 0.500 21 (1) (13) (23) 17 1.0p
A9661 T4 0.025 to 0.500 23 (1) (6) 30 16 1.0p
A9661 T6 0.025 to 0.500 23 (1) (6) 42 35 1.0p
A9661 T4, T6 welded 0.025 to 0.500 23 ()™ 24 1.0p
Seamless Pipe and Seamless Extruded Tube
B241 A93003 0 All 21 (1) 14 5 1.0p
A93003 H18 Less than 1.000 21 (1) (3) 27 24 1.0p
B241 A93)003 H112 Note (20) 21 (1) (3) (20) 14 5 1.0p
Alclhd A93003 0 All 21 (1) (4) 13 45 1.0p
Alclhd A93003 H112 All 21 MHB“ 13 4.5 1.0p
B241 A95)083 0 All 25 «\(1) 39 16 1.0p
A95083 H112 All 25 (1) (3) 39 16 1.0p
A95¢54 0 Up thru 5.000 22 (1 31 12 1.0p
A95454 H112 Up thru 5.000 22 (1 31 12 1.0p
B241 A96061 T4 All 23 (D)) (9 26 16 1.0p
A9661 T6 Pipe < NPS 1 23 M@ G 42 35 1.0p
A9e61 T6 Note (24) 23 (1) (6) (9) (24) 38 35 1.0p
A96061 T4, T6 welded All 23 (1) (7) (9) 24 1.0p
A96063 T6 Up thru 1.000 23 (1) (6) 30 25 1.0p
A960063 T5, T6 welded Up thru 1.000 23 (D™ 17 1.0p
Drawn Seamless Condenser,and*Heat Exchanger Tube
B234 A93003 H14 0.010 to 0.200 21 (1) (2 20 17 1.0p
Alclhd A93003 H14 0.010 to 0.200 21 (2@ 19 16 1.0p
A95454 H34 0.010 to 0.200 22 (1)) 39 29 1.0p
B234 A96061 T4 0.025 to 0.200 23 (1) (6) 30 16 1.0p
A96061 T6 0.025 to 0.200 23 (1) (6) 42 35 1.00
A96061 T4, T6 welded 0.025 to 0.200 23 ()™ 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
B547 Alclad A93003 0 0.125 to 0.499 21 (1) (4) (15) 13 4.5 1.00
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Table A-7 Aluminum and Aluminum Alloys

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 UNS Alloy No. ll\}o.
Drawn Seamless Tube
3.3 3.3 3.3 3.2 2.4 1.8 14 A93003 B210
5.7 5.7 5.7 5.5 4.3 3.0 2.4 A93003
3.0 2.9 2.8 2.7 2.2 1.6 1.3 Alclad A93003
4 5.4 5.4 5.2 39 2.7 2.1 Alclad A93003
.0 4.0 4.0 4.0 4.0 2.8 14 A95050 B2[L0
3 33 33 3.3 3.3 2.8 14 Alclad A9505Q
.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Seamless.Pipe and Seamless Extruded Tube
3 3.3 3.3 3.2 2.4 1.8 %4 A93003 B2f1
(.7 7.7 7.4 6.9 5.4 3.5 2.5 A93003
3 3.3 3.3 3.2 2.4 1.8 14 A93003 B2p1
0 2.9 2.8 2.7 2.2 1.6 1.2 Alclad A93003
.0 2.9 2.8 2.7 2.2 16 1.2 Alclad A93003
10.7 10.7 A95083 B2p1
10.7 10.7 A95083
.0 8.0 8.0 7.5 5.5 4.1 3.0 A95454
.0 8.0 8.0 7.5 55 4.1 3.0 A95454
.4 7.4 7.4 7.4 6.0 5.8 4.5 A96061 B2p1
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
10. 10.9 10.9 10.6 7.9 6.3 4.5 A96061
6.9 6.9 6.8 5.5 4.6 3.5 A96061
.6 8.6 86 7.5 5.0 3.4 2.0 A96063
1.9 49 49 49 3.9 3.0 2.0 A96063
Drawn Seamless Condenser and Heat Exchanger Tube
7 57 5.7 5.5 4.3 3.0 2.4 A93003 B2B4
4 54 5.4 5.2 3.9 2.7 2.1 Alclad A93003
111 11.1 11.1 10.8 55 4.1 3.0 A95454
.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B2B4
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
3.3 3.3 3.3 3.2 2.4 1.8 14 A93003 B547
2.8 2.8 2.8 2.7 2.0 1.5 1.2 A93003
49 4.8 4.4 4.1 3.6 3.0 2.4 A93003
4.2 41 3.7 3.5 31 2.6 2.0 A93003
3.0 29 2.8 2.7 2.2 1.6 1.3 Alclad A93003 B547
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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
Arc-Welded Round Tube (Cont’d)
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 H112 0.250 to 0.499 21 (1) (4) (14) (16) 16 9 0.85
B547 A95083 0 0.125 to 0.500 25 (1) (15) 40 18 1.0p
A95083 0 0.125 to 0.500 25 (1) (16) 40 18 0.8p
B547 A95454 0 0.125 to 0.500 22 (1) (15) 31 12 1.0p
A95454 0 0.125 to 0.500 22 (1) (16) 31 12 0.8p
A95H54 H112 0.250 to 0.499 22 (1) (14) (15) 32 18 1.0p
A95454 H112 0.250 to 0.499 22 (1) (14) (16) 32 18 0.8p
B547 A96061 T4 0.125 to 0.249 23 (1) (7) (15) (17) 30 16 1.0p
A96061 T4 0.125 to 0.249 23 (1) (7) (16) (17) 30 16 0.8p
A96061 T451 0.250 to 0.500 23 (1) (7)) (15) (1A 30 16 1.0p
A96061 T451 0.250 to 0.500 23 (D) (7)) (16)2 N 30 16 0.8p
B547 A96061 T6 0.125 to 0.249 23 (1) (7)5) (17) 42 35 1.0p
A9go61 T6 0.125 to 0.249 23 (1)@ (16) (17) 42 35 0.8p
A96061 T651 0.250 to 0.500 23 (W) (7) (15) (17) 42 35 1.0p
A96061 T651 0.250 to 0.500 233(1) (7) (16) (17) 42 35 0.8p
B547 A96061 T4 0.125 to 0.249 23 (1) (7) (15) (25) 30 16 1.0p
A96061 T4 0.125 to 0:249 23 (1) (7) (16) (25) 30 16 0.8p
A9go61 T451 0.250 t0+0:500 23 (1) (7) (15) (25) 30 16 1.0p
A9g061 T451 0.250:to 0.500 23 (1) (7) (16) (25) 30 16 0.8p
B547 A96061 Té6 01125 to 0.249 23 (1) (7) (15) (25) 42 35 1.0p
A96061 Té6 0.125 to 0.249 23 (1) (7) (16) (25) 42 35 0.8p
A96061 T651 0.250 to 0.500 23 (1) (7) (15) (25) 42 35 1.0p
A96061 T651 0.250 to 0.500 23 (1) (7) (16) (25) 42 35 0.8p
Sheet and Plate
B209 A93003 0 0.006 to 3.000 21 (1) 14 5 1.0p
A93003 H112 0.250 to 0.499 21 (1) (3) 17 10 1.0p
A93003 H112 0.500 to 2.000 21 (1) (3) 15 6 1.0p
B209 Alclpd\A93003 0] 0.006 to 0.499 21 (1) @) 13 4.5 1.0p
Alclad A93003 0 0.500 to 3.000 21 (1) (18) 14 5 1.00
Alclad A93003 H112 0.250 to 0.499 21 M@ 16 9 1.00
Alclad A93003 H112 0.500 to 2.000 21 (1) (3) (19) 15 6 1.00
B209 A95083 0 0.051 to 1.500 25 (1) 40 18 1.00
A95454 0 0.020 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 ()3 31 12 1.00
B209 A96061 T4 0.006 to 0.249 23 (1) (6) 9) 30 16 1.00
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Table A-7 Aluminum and Aluminum Alloys (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 UNS Alloy No. No.
Arc-Welded Round Tube (Cont’d)
2.6 2.5 2.4 2.3 19 1.4 1.1 Alclad A93003
3.0 2.9 2.8 2.7 2.2 1.6 1.3 Alclad A93003
2.6 2.5 2.4 2.3 1.9 1.4 1.1 Alclad A93003
11.4 11.4 A95083 B5@7
.7 9.7 A95083
.0 8.0 8.0 8.0 55 4.1 3.0 A95454 B5@7
8 6.8 6.8 6.8 4.7 3.5 2.6 A95454
.0 8.0 8.0 8.0 55 4.1 3.0 A95454
.8 6.8 6.8 6.8 4.7 3.5 2.6 A95454
.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B5#7
.3 7.3 7.3 7.2 59 54 38 A96061
.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061
(.3 7.3 7.3 7.2 59 54 3.8 A96061
12.0 12.0 12.0 11.7 8.4 6:3 4.5 A96061 B5/7
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
.9 6.9 6.9 6.9 5.5 4.6 3.5 A96061 B5@7
9 5.9 5.9 5.9 4.7 3.9 3.0 A96061
9 6.9 6.9 6.9 5.5 4.6 3.5 A96061
9 5.9 5.9 59 4.7 3.9 3.0 A96061
9 6.9 6.9 6.9 5.5 4.6 3.5 A96061 B5#7
9 5.9 5.9 5.9 4.7 3.9 3.0 A96061
.9 6.9 6.9 6.9 5.5 4.6 35 A96061
9 5.9 5.9 5.9 4.7 3.9 3.0 A96061
Sheet and Plate
3 33 3.3 3.2 2.4 1.8 14 A93003 B2p9
4.9 4,8 4.4 4.1 3.6 3.0 2.4 A93003
4.0 3.9 3.7 3.6 2.4 1.8 1.4 A93003
.0 29 2.8 2.7 2.2 1.6 1.3 Alclad A93003 B2p9
3.3 3.2 3.1 3.0 2.2 1.6 1.3 Alclad A93003
4.6 45 4.2 39 3.3 2.7 2.1 Alclad A93003
4.0 3.9 3.8 3.6 2.2 1.6 1.3 Alclad A93003
11.4 11.4 A95083 B209
8.0 8.0 8.0 8.0 55 4.1 3.0 A95454
9.1 9.1 9.1 9.1 55 4.1 3.0 A95454
8.0 8.0 8.0 8.0 55 4.1 3.0 A95454
8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B209
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Table A-7 Aluminum and Aluminum Alloys (Cont’d)

Specified Specified
Size or Minimum Minimum E
Spec. Thickness, P- Tensile, Yield, or
No. UNS Alloy No. Temper in. No. Notes ksi ksi F
Sheet and Plate (Cont’d)
A96061 T451 0.250 to 3.000 23 (D) (©6) 9 30 16 1.00
A96061 T4 welded 0.006 to 0.249 23 (1) (7) (9) 24 1.00
A96061 T451 welded 0.250 to 3.000 23 M™M O 24 1.00
B209 A96061 T6 0.051 to 0.249 23 (1) (6) 9 42 35 1.0p
A96061 T651 0.250 to 4.000 23 (1) (6) 9) 42 35 1.0p
A96061 T651 4.001 to 6.000 23 (1) (6) (9 40 35 1.0p
A96061 T6 welded 0.051 to 0.249 23 M O 24 1.0p
A96061 T651 welded 0.250 to 6.000 23 (1) (7) (9) 24 1.0p
Die and H4nd Forgings
B247 A93003 H112 Up thru 4.000 21 (1) (11) 14 5 1.0p
A93(003 H112 welded Up thru 4.000 21 (1) (7)) (11) 14 5 1.0p
B247 A95/083 H111 Up thru 4.000 25 (1) (6) 39 20 1.0p
A95(083 H112 Up thru 4.000 25 (1) (6) 39 16 1.0p
A95/083 H111, H112 welded Up thru 4.000 25 (1) (7) 38 16 1.0p
B247 A96061 T6 Up thru 4.000 23 (1).(6) (11) 38 35 1.0p
A96061 Té6 Up thru 4.000 23 (1) (6) (12) 37 33 1.0p
A96061 T6 4.001 to 8.000 233(1) (6) (12) 35 32 1.0p
A96061 T6 welded Up thru 8.000 23 (1) (7 24 1.0p
Rods, Bars| and Shapes
B221 A91/060 0 All 21 (1) (21) (22) 8.5 2.5 1.0p
A91/060 H112 All 21 (1) (3) (21) (22) 8.5 2.5 1.0p
B221 A91[100 0 Al 21 (1) (21) (22) 11 3 1.0p
A91/100 H112 All 21 (1) (3) (21) (22) 11 3 1.0p
B221 A93003 0 All 21 (1) (21) (22) 14 5 1.0p
A93[003 H112 All 21 (1) (3) (21) (22) 14 5 1.0p
B221 A92024 T3 Up thru 0.249 (1) (2) (9) (21) (22) 57 42 1.0p
A92024 T3 0.250-0.749 (1) (2) (9) (21) (22) 60 44 1.0p
A92024 T3 0.750-1.499 (1) (2) (9) (21) (22) 65 46 1.0p
A92024 T3 1.500 and over (1) (2) (9) (21) (22) 68 48 1.0p
B221 A95083 0 Up thru 5.000 Z5 () (20 (22) 39 16 T.0
A95083 H111 Up thru 5.000 25 (1) (3) (21) (22) 40 24 1.00
A95083 H112 Up thru 5.000 25 (1) (3) (21) (22) 39 16 1.00
B221 A95086 H112 Up thru 5.000 25 (1) (2) (21) (22) 35 14 1.00
B221 A95154 0 All 22 (1) (21) (22) 30 11 1.00
A95154 H112 All 22 (1) (3) (21) (22) 30 11 1.00
B221 A95454 0 Up thru 5.000 22 (1) (21) (22) 31 12 1.00
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Table A-7 Aluminum and Aluminum Alloys (Cont’d)

ASME B31.1-2020

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 UNS Alloy No. No.
Sheet and Plate (Cont’d)
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 3.5 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 B2p9
12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061
11.4 11.4 11.4 111 8.2 6.3 4.4 A96061
9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Die and Hand Forgings
3 3.3 3.3 3.2 2.4 18 14 A93003 B2p7
.3 3.3 3.3 3.2 2.4 1.8 14 A93003
111 111 A95083 B2p7
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 B2p7
10.6 10.6 10.6 10.5 7.7 6.3 4.5 A96061
10.0 10.0 10.0 9.9 7.4 6.1 4.5 A96061
.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Rods, Bars, and $hapes
1.7 1.6 1.4 1.3 1.1 0.8 A91060 B2p1
1.7 1.6 14 1.3 1.1 0.8 A91060
2.0 2.0 2.0 1.8 1.4 1.0 A91100 B2p1
2.0 2.0 2.0 1.8 1.4 1.0 A91100
.3 3.3 3.3 3.2 2.4 1.8 14 A93003 B2p1
.3 3.3 3.3 3.2 2.4 1.8 14 A93003
16.3 163 16.3 12.6 9.5 6.0 42 A92024 B2p1
171 141 17.1 13.2 10.0 6.3 44 A92024
18. 18.6 18.6 14.3 10.8 6.8 4.7 A92024
19. 19.4 19.4 15.0 11.3 7.1 5.0 A92024
1077 T0.7 A95083 BZ21
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
8.0 8.0 8.0 8.0 55 4.1 3.0 A95454 B221
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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)
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) (21) (22) 41 19 1.0
A95456 H111 Up thru 5.000 25 (1) (3) (21) (22) 42 26 10D
A95456 H112 Up thru 5.000 25 (1) (3) (21) (22) 41 19 1.0p
B221 A96061 T4 All 23 (1) (2) 9) (21) (22) 26 16 1.0p
A96061 T6 All 23 (1) (2) 9) (21) (22) 38 35 1.0p
A96061 T4 welded All 23 (D) (7 9) (21) (22) 24 1.0p
A96061 T6 welded All 23 (D) (7) (9) (21) (22) 24 1.0p
B221 A96063 T1 Up thru 0.500 23 (1) (2) (21) (22) 17 1.0p
A96(063 T1 0.501-1.000 23 (1) (2) (21) (22) 16 1.0p
A96(063 T5 Up thru 0.500 23 (1) (2) (21) (22) 22 16 1.0p
A96063 T5 0.501-1.000 23 (1) (2) 21)\22) 21 15 1.0p
A96063 T6 Up thru 1.000 23 (1) (2) (21(22) 30 25 1.0p
A96(063 T5, T6 welded Up thru 1.000 23 (1) (72) 21) (22) 17 8 1.0p
Castings
B26  A24430 F 1) (2 17 6 0.8p
A03560 T6 1)@ 30 20 0.8p
A03560 T71 1 (2) 25 18 0.8p
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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.
Rods, Bars, and Shapes (Cont'd)

9.4 9.4 9.4 9.4 55 4.1 3.0 A95454
8.0 8.0 8.0 8.0 55 4.1 3.0 A95454

11.7 11.7 A95456 B2p1
12.0 12.0 A95456
11.7 11.7 A95456

(.4 7.4 7.4 7.4 6.0 58 4.5 A96061 B2p1
10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061
.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061

4.9 4.9 4.9 4.9 4.2 3.4 2.0 A96063 B2p1
1.6 4.6 4.6 4.6 4.0 3.4 2.0 A96063
.3 6.3 6.1 5.8 4.6 3.4 2.0 A96063
.0 6.0 5.9 5.6 43 3.4 2.0 A96063
.6 8.6 8.6 7.5 5.0 34 2.0 A96063
1.9 49 4.9 49 3.9 3.0 2.0 A96063

gstings

.2 3.2 3.2 3.0 2.8 2.5 2.2 A24430 B36
6.9 6.9 5.0 A03560
5.8 5.8 5.0 4.3 3.3 1.9 A03560

211


https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

ASME B31.1-2020

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.
The stress values in this Table may be interpolated to determine values for intermediate temperatures.
The P-Numbers listed in this Table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, and welding
operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.

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

The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress gupture strength gov

OWn 1N Table 102431

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 compone
t manufactured in accordance with referenced standards.

hum and aluminum alloys shall not be used for flammable fluids within the boiler plant structure (see para:*122.7).
coefficient = 0.4 (see Table 104.1.2-1).

on of stresses.
ra. 124.1.2 for lower temperature limits.

MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES100.1.2-1 THROUGH 100.1.2-
allowable stress values are not applicable when either welding or thermal cutting is efaployed.

allowable stress values are not applicable when either welding or thermal cutting is employed. In such cases, the correspondin
for the O temper shall be used.

allowable stress values are 90% of those for the corresponding core material,

allowable stress values apply only to seamless pipe smaller than NPS 1 that is extruded and then drawn.

allowable stress values are notapplicable when either welding or thermal cuttinig is employed. In such cases, the correspondin
for the welded condition shall be used.

rength of a reduced-section tensile specimen is required to qualify'welding procedures. Refer to ASME BPVC, Section IX, Q
[ED

essrelieved tempers (T351, T3510,T3511, T451, T4510, T4511,T651, T6510, and T6511), stress values for the material in th
r shall be used.

[ED

allowable stress values are for die forgings.

allowable stress values are for hand forgings.

mperatures up to 300°F, these allowable stressvalues are 83% of those for the corresponding core material. At temperatures o
DO°F, these allowable stress values are 90%"of'those for the corresponding core material.

allowable stress values are for the tempers listed in the welded condition and are identical to those for the O temper.
allowable stress values are based on 100% radiography of the longitudinal weld in accordance with ASTM B547.
allowable stress values are based.on.spot radiography of the longitudinal weld in accordance with ASTM B547.
allowable stress values are for the/heat-treated tempers listed that are tempered after welding.

nsion test specimen from plate that is not less than 0.500 in. thick is machined from the core and does not include the claddin
fore, the allowable stress values for thicknesses less than 0.500 in. shall be used.

nsion test specimen frem plate that is not less than 0.500 in. thick is machined from the core and does not include the claddin|
fore, these allowablétstress values are 90% of those for the core material of the same thickness.

allowable stress.valties are for seamless extruded tube in all sizes and for seamless pipe in sizes NPS 1 and larger.
values in restricted shear, such as in dowel bolts or similar construction in which the shearing member is so restricted that the
consideration would fail without reduction of area, shall be 0.80 times the values in this Table.

values i bearing shall be 1.60 times the values in this Table.

B210- does not include this alloy/grade of material.

allewable stress values apply to all thicknesses and sizes of seamless tubing. They also apply to NPS 1 and larger seamleq
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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 $30409 18Cr-8Ni 8 75 30

$30815 21Cr-11Ni-N 8 (1) (10) 87 45

TP310H S31009 25Cr-20Ni 8 (2)(4) 75 30

P316H S31609 16Cr-12Ni-2Mo 8 . 75 30

TP316L S31603 16Cr-12Ni-2Mo 8 (1 70 25

A213 TP321H $32109 18Cr-10Ni-Ti 8 75 30

TP347H S34709 18Cr-10Ni-Cb 8 75 30

TP348H S34809 18Cr-10Ni-Cb 8 75 30

A312 TP304H S30409 18Cr-8Ni 8 . 75 30

.. S30815 21Cr-11Ni-N 8 (1) (10) 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 (8) 75 30

TP321H $32109 18Cr-10Ni-Ti 8 9 70 25

TP347H S34709 18Cr-10Ni-Cb 8 75 30

TP348H S34809 18Cr-10Ni-Cb 8 75 30

A376 TP304H S30409 18Cr-8Ni 8 75 30

TP316H S31609 16Cr-12Ni<2Mo 8 75 30

TP321H $32109 18Cr-10Ni-Ti 8 75 30

TP347H S34709 18€r<10Ni-Cb 8 75 30

B163 N08800 Annealed Ni-Cr-Fe 45 (1) 75 30

N08810 Annealed Ni-Cr-Fe 45 (1) (10) 65 25

B167 N06617 Annéaled 52Ni-22Cr-13Co-9Mo 43 (10) 95 35

B407 N08800 C.D./ann. Ni-Cr-Fe 45 .. 75 30

N08810 Annealed Ni-Cr-Fe 45 (10) 65 25

B622 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (10) 100 45
Welded Pippetand’Tube — Without Filler Metal

A249 P30#1H S$30409 T8Cr=8Nt 8 75 35

S30815 21Cr-11Ni-N 8 €9)] 87 45

TP310H S31009 25Cr-20Ni 8 MEMW 75 35

TP316H S31609 16Cr-12Ni-2Mo 8 75 35

A249 TP321H $32109 18Cr-10Ni-Ti 8 75 35

TP347H $34709 18Cr-10Ni-Cb 8 75 35

TP348H S34809 18Cr-10Ni-Cb 75 35

A312 TP304H S30409 18Cr-8Ni 8 75 30
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Table A-8 Temperatures 1,200°F and Above

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

E
or Type or Spec.
F 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.
Seamless Pipe and Tube
1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H A213
1.00 52 4.0 3.1 2.4 1.9 1.6 1.3
1.00 4.0 3.0 2.2 1.7 1.3 0.97 0.75 TP310H
1.00] 7.4 55 4.1 3.1 2.3 1.7 1.3 TP316H
1.00] 6.4 4.7 35 2.5 1.8 1.3 1.0 TP316L
1.00] 54 4.1 3.2 2.5 1.9 1.5 1.1 TP321H A213
1.00] 7.9 59 4.4 32 2.5 1.8 1.3 TP347H
1.00] 7.9 59 4.4 32 2.5 1.8 1.3 TP348H
1.00] 6.1 4.7 3.7 2.9 2.3 1.8 14 TP304H A312
1.00] 52 4.0 3.1 2.4 1.9 1.6 1.3
1.00 4.0 3.0 2.2 17 1.3 0.97 0.75 TP310H
1.00] 7.4 55 4.1 3.1 2.3 K7 1.3 TP316H
1.00] 54 4.1 3.2 2.5 1.9 1.5 11 TP321H A312
1.00] 4.6 3.5 2.7 2.1 1.6 1.3 0.9 TP321H
1.00] 7.9 5.9 4.4 3.2 2.5 1.8 1.3 TP347H
1.00] 7.9 59 4.4 32 25 1.8 1.3 TP348H
1.00] 6.1 4.7 3.7 2.9 2.3 1.8 14 TP304H A376
1.00] 7.4 55 4.1 3.1 2.3 1.7 1.3 TP316H
1.00] 54 4.1 3.2 2.5 1.9 1.5 1.1 TP321H
1.00 7.9 59 4.4 32 2.5 1.8 1.3 TP347H
1.00] 6.6 42 2.0 1.6 1.1 1.0 0.80 H163
1.00 7.4 59 47 3.8 3.0 2.4 1.9
1.00] 15.3 14.5 11.2 8.7 6.6 5.1 3.9 H167
1.00] 6.6 4.2 2.0 1.6 1.1 1.0 0.80 H407
1.00] 7.4 5.9 4.7 3.8 3.0 2.4 1.9
1.00] 136 10.9 88 7.0 5.6 4.5 3.6 H622
Welded Pipe and Tube — Without Filler Metal
0.85 52 710 372 25 20 15 12 TP30#4H 249
0.85 4.4 3.4 2.6 2.0 1.6 14 1.1
0.85 34 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 16 1.3 1.0 TP321H A249
0.85 6.7 5.0 3.7 2.7 2.1 1.6 1.1 TP347H
0.85 6.7 5.0 3.7 2.7 2.1 1.6 1.1 TP348H
0.85 52 4.0 3.2 2.5 2.0 1.6 12 TP304H A312
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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)
S30815 21Cr-11Ni-N 8 1) 87 45
TP310H $31009 25Cr-20Ni 8 (2)® 75 30
TP316H S31609 16Cr-12Ni-2Mo 75 30
A312 TP321H $32109 18Cr-10Ni-Ti 75 30
TP347H S$32709 18Cr-10Ni-Cb 75 30
A409 .. S30815 21Cr-11Ni-N 8 (1 87 45
B619 .. R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (10) 100 45
B626 .. R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (10) 100 45
Welded Pipe and Tube — Filler Metal Added
A358 &3 S30815 21Cr-11Ni-N 8 (1) 87 45
S30815 21Cr-11Ni-N 8 1) 87 45
A409 .. S30815 21Cr-11Ni-N 8 (D 87 45
B546 .. N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 95 35
Plate
A240 04 S30400 18Cr-8Ni 8 (2)(3) 75 30
.. $30815 21Cr-1INi*N 8 (1) (10) 87 45
10S $31008 25Cr{20Ni 8 (2)(3) (4 75 30
16 S31600 16Cr-12Ni-2Mo 8 (23 75 30
16L S31603 16Cr-12Ni-2Mo 8 (1 70 25
A240 21 $32100 18Cr-10Ni-Ti 8 (2)13) 75 30
47 S34700 18Cr-10Ni-Cb 8 (213 75 30
48 $34800 18Cr-10Ni-Cb 8 M(R)A) 75 30
B168 .. NO661 7 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, Sheek, and Strip
B435 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (10) 100 45
Bars, Rods, and Shapes
A479 S30815 21Cr-11Ni-N 8 (1) (10) 87 45
TP316L S31603 16Cr-12Ni-2Mo 8 (1)) 70 25
B166 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43 (10) 95 36
B408 N08800 Annealed Ni-Cr-Fe 45 75 30
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Table A-8 Temperatures 1,200°F and Above (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

E
or Type or Spec.
F 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.
Welded Pipe and Tube — Without Filler Metal (Cont’d)
0.85 14 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 3.5 2.7 2.1 1.6 1.3 1.0 TP321H 7312
0.85 6.7 5.0 3.7 2.7 2.1 1.6 1.1 TP347H
0.85 4.4 3.4 2.6 2.0 16 14 1.1 A409
0.85 11.6 9.3 7.5 6.0 4.8 3.8 34 H619
0.85 11.6 9.3 7.5 6.0 4.8 3.8 3\ H626
Weldéd Pipe and Tube — Filler Methl Added
1.00 52 4.0 3.1 2.4 1.9 16, 1.3 1&3 A358
0.90] 4.7 3.6 2.8 2.2 1.7 14 12 2
0.80 4.2 3.2 2.5 1.9 1.5 1.3 1.0 A409
0.85 13.0 12.3 9.5 7.4 5.6 4.3 3.3 H546
Plate
1.00] 6.1 4.7 3.7 2.9 2.3 1.8 1.4 304 A240
1.00] 52 4.0 3.1 2.4 1.9 1.6 1.3
1.00] 2.5 1.5 0.80 0.50 0.40 0.30 0.20 310S
1.00 7.4 55 4.1 3.1 2.3 1.7 1.3 316
1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 316L
1.00] 3.6 2.6 1.7 1.1 0.80 0.50 0.30 321 A240
1.00 4.4 3.3 2.2 1.5 12 0.90 0.80 347
1.00 4.4 3.3 2.2 1.5 12 0.90 0.80 348
1.00] 15.3 14.5 11.2 8.7 6.6 51 3.9 H168
1.00] 6,6 4.2 2.0 1.6 1.1 1.0 0.80 H409
1.00 7.4 59 4.7 3.8 3.0 2.4 1.9
Plate, Sheet, and Strip
1.00 13.6 10.9 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
1.00 6.6 42 2.0 1.6 1.1 1.0 0.80 B408
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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)
N08810 Annealed Ni-Cr-Fe 45 (10) 65 25
B572 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (10) 100 45
Forgings
A182 F304H S30409 18Cr-8Ni 8 . 75 30
.. $30815 21Cr-11Ni-N 8 (1) (10) 87 45
F310H S31009 25Cr-20Ni 8 MEMW 75 30
F316H S31609 16Cr-12Ni-2Mo 8 . 75 30
316L S31603 16Cr-12Ni-2Mo 8 (1 70 25
A182 F321H S$32109 18Cr-10Ni-Ti 8 75 30
347H S34709 18Cr-10Ni-Cb 75 30
F348H S34809 18Cr-10Ni-Cb 75 30
B564 N06617 Annealed 52Ni-22Cr-13Co-9Mo 43/(10) 95 35
N08800 Annealed Ni-Cr-Fe 45" .. 75 30
N08810 Annealed Ni-Cr-Fe 45 (10 65 25
Fittings (S¢amless and Welded)
A403 WP304H S30409 18Cr-8Ni 8 (1) 75 30
WP316H S31609 16Cr-12Ni-2Mo 8 (1) 75 30
WP316L S31603 16Cr-12Ni=2Mo 8 (D 70 25
WP321H S32109 18Cr<10Ni-Ti 8 (1 75 30
WP347H S34709 18Cr~10Ni-Cb 8 (1 75 30
WP348H S34809 18Cr-10Ni-Cb 8 (1) 75 30
B366 R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (6) (10) 100 45
R30556 Annealed Ni-Fe-Cr-Co-Mo-W 45 (1) (7) (10) 100 45
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Table A-8 Temperatures 1,200°F and Above (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

E
or Type or Spec.
F 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.
Bars, Rods, and Shapes (Cont’'d)
1.00 7.4 59 4.7 3.8 3.0 2.4 1.9
1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 B572
Forgings
1.00] 6.1 4.7 3.7 2.9 2.3 1.8 1.4 F304H A182
1.00] 52 4.0 3.1 2.4 1.9 1.6 1.3
1.00 4.0 3.0 2.2 1.7 1.3 0.97 0.75 F310H
1.00 7.4 55 4.1 3.1 2.3 1.7 1.3 F316H
1.00 6.4 4.7 3.5 2.5 1.8 1.3 10 F316L
1.00] 54 4.1 3.2 2.5 1.9 1.5 1.1 F321H A182
1.00] 7.9 59 4.4 3.2 2.5 1.8 1.3 F347H
1.00 7.9 59 4.4 32 2.5 18 13 F348H
1.00 15.3 14.5 11.2 87 6.6 5.1 3.9 H564
1.00] 6.6 4.2 2.0 1.6 1.1 1.0 0.80
1.00] 7.4 59 4.7 3.8 3.0 2.4 1.9
Fittings (Seamless and [Welded)
1.00 6.1 4.7 3.7 2.9 2.3 1.8 14 WP304H A403
1.00 7.4 55 4.1 3.1 2.3 1.7 1.3 WP316H
1.00] 6.4 4.7 35 2.5 1.8 1.3 1.0 WP316L
1.00 54 4.1 3.2 2.5 1.9 1.5 1.1 WP321H
1.00 7.9 59 4.4 32 2.5 1.8 13 WP347H
1.00 7.9 59 4.4 32 2.5 1.8 1.3 WP348H
1.00] 13.6 10.9 8.8 7.0 5.6 4.5 3.6 H366
0.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1
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Table A-8 Temperatures 1,200°F and Above (Cont'd)

GENERAL NOTES:
The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.

(a)
(®)
@]

(@)
(e)
@)
(8)

(0
®

NOTES:
(1) THIS
(2) These|
(3) Theal
(4) These|
(5) These|
(6) Seaml]
(7
(8) These|
(9) These|
(10) Creep
and s

The str

ess values in this Table may be interpolated to determine values for intermediate temperatures.

The P-Numbers listed in this Table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, and welding
operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.

Tensile

strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”

The materials listed in this Table shall not be used at design temperatures above those for which allowable stress values are given.
The tabulated stress values are S x E (weld joint efficiency factor) or S x F (material quality factor), as applicable. Weld joint efficiency factors

are sh

n i Iable 1UZ.4.5-1.

Pressurje-temperature ratings of piping components, as published in standards referenced in this Code, may be used for components meeting

the reqfiirements of those standards. The allowable stress values given in this Table are for use in designing piping components, that
manufafctured in accordance with referenced standards.

All the

The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength gov
selection of stresses.

quenching in water or rapid cooling by other means.

Weldgdd — all filler metal, including consumable insert material, shall comply with the requirements of ASME BPVC, Section IX.

Imaterials listed are classified as austenitic (see Table 104.1.2-1).

MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1:2¥1 THROUGH 100.1.2-
allowable stress values shall be used only if the carbon content of the material is 0.04% ot higher.
owable stress values tabulated shall be used only if the material is heat treated by heating to a minimum temperature of 1,90

allowable stress values shall be used only when the grain size of the material is ASTM/No. 6 or coarser.
allowable stress values shall be used only when Supplementary Requirement St~per ASTM A479 has been specified.

£SS.

allowable stress values apply to seamless pipe <% in. wall thickness.
allowable stress values apply to seamless pipe >% in. wall thickness.

hall be considered in the design.

are not

brn the

°F and

fatigue, thermal ratcheting, and environmental effects are increasingly'significant failure modes at temperatures in excess of 4,500°F
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Table A-9 Titanium and Titanium Alloys

Specified Specified
Minimum Minimum
Spec. Nominal P- Tensile, Yield, E
No. Grade Condition Composition No. Notes ksi ksi or F
Seamless Pipe and Tube
B338 1 Annealed Ti 51 1) 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 [€3) 50 40 1.00
12 Annealed Ti-Mo-Ni 52 1) 70 50 100
B861 1 Annealed Ti 51 (D 35 25 1.00
2 Annealed Ti 51 (€9) 50 40 1.00
3 Annealed Ti 52 1) 65 55 1.00
7 Annealed Ti-Pd 51 1) 50 40 1.00
12 Annealed Ti-Mo-Ni 52 1 70 50 1.00
Welded Pipe and Tube
B338 1 Annealed Ti 51 M) (2 35 25 0.85
2 Annealed Ti 51 1) @) 50 40 0.85
3 Annealed Ti 52 1@ 65 55 0.85
7 Annealed Ti-Pd 51 (D (2) 50 40 0.85
12 Annealed Ti-Mo-Ni 52 (R 70 50 0.85
B862 1 Annealed Ti 51 (M (2) 35 25 0.85
2 Annealed Ti 51 1 @) 50 40 0.85
3 Annealed Ti 52 @) 65 55 0.85
7 Annealed Ti-Pd 51 1@ 50 40 0.85
12 Annealed Ti-Mo-Ni 52 1) (2) 70 50 0.85
Plate, Sheet, and Strip
B265 1 Annealed Ti 51 (D 35 25 1.00
2 Annealed Ti 51 1) 50 40 1.00
3 Annealed Ti 52 (D 65 55 1.00
7 Annealed Ti-Pd 51 1 50 40 1.00
12 Annealed Ti-Mo-Ni 52 1 70 50 1.00
Forgings
B381 F1 ‘Anmealed Ti 51 (D 35 25 1.00
F2 Annealed Ti 51 €8] 50 40 1.00
F3 Annealed Ti 52 1) 65 55 1.00
F7 Annealed Ti-Pd 51 @8] 50 40 1.00
F12 Annealed Ti-Mo-Ni 52 (D 70 50 1.00
Bars and Billets
B348 1 Annealed Ti 51 €8] 35 25 1.00
2 Annealed Ti 51 1 50 40 1.00
3 Annealed Ti 52 1) 65 55 1.00
7 Annealed Ti-Pd 51 9] 50 40 1.00
12 Annealed Ti-Mo-Ni 52 (€8] 70 50 1.00
Castings
B367 C-2 As-cast Ti 50 13 50 40 0.80
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ASME B31.1-2020

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Spec.
100 150 200 250 300 350 400 450 500 550 600 Grade II\;o.
Seamless Pipe and Tube
10.0 9.3 83 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
14.3 13.7 124 113 10.3 9.5 8.8 8.2 7.6 7.0 6.5 7
20. 20.0 18.7 17.4 16.2 15.2 14.3 13.6 131 12.7 12.3 12
10. 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 1 B861
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 615 2
18.4 17.5 15.8 14.2 12.8 115 10.3 9.3 8.5 7.9 74 3
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 7
20. 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
Welded Pipe and Tube
8.4 7.9 7.0 6.3 5.6 5.1 4.7 4.3 4.0 3.6 3.0 1 B338
12.3 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 2
15.4 14.9 13.4 121 10.8 9.7 8.8 7.9 7.2 6.7 6.3 3
12.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 7
17. 17.0 15.9 14.8 13.8 129 12.1 15 11.1 10.8 10.5 12
8.4 7.9 7.0 6.3 5.6 5.1 4.7 43 4.0 3.6 3.0 1 B862
12.3 11.6 10.6 9.6 8.8 8.1 75 7.0 6.5 6.0 5.5 2
15.9 149 13.4 12.1 10.8 9.7 8.8 7.9 7.2 6.7 6.3 3
12.3 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 7
17. 17.0 15.9 14.8 13.8 129 121 11.5 111 10.8 10.5 12
Plate, Sheet,|and Strip
10. 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 1 B265
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 2
18.4 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 3
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 7
20. 20.0 18.7 174 16.2 15.2 14.3 13.6 131 12.7 12.3 12
Forgings
10. 9.3 83 7.4 6.6 6.0 5.5 51 4.7 4.2 3.6 F1 B381
14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 F2
18. 175 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 F3
14.3 137 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 F7
20. 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 F12
Bars and Billets
10.0 9.3 8.3 7.4 6.6 6.0 5.5 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
11.4 10.5 10.0 9.0 8.3 7.6 C-2 B367
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Table A-9 Titanium and Titanium Alloys (Cont’d)

GENERAL NOTES:
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 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)
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(d) Tensil
(e)
®
are s
(g) Press
meeti
are n
(h) They
(i) Thetq
select
() Seep
NOTES:
(1) THIS M|
(2) Filler nj
(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 compone
t manufactured in accordance with referenced standards.

coefficient = 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.

ATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100<1*2-1 THROUGH 100.1.2-8
etal shall not be used in the manufacture of welded pipe or tubing.
b of this material is not permitted.

bnents
tsthat

brn the

224


https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

ASME B31.1-2020

TABLE STARTS ON NEXT PAGE

225



https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

ASME B31.1-2020

Table A-10 Bolts, Nuts, and Studs

Specified Specified
Type Material Minimum Minimum
Spec. or Category/ Tensile, Yield,
No. Grade Class Nominal Composition UNS No. Notes ksi ksi
Carbon Steel
A194 1, 2, 2H Carbon steel 1)
A307 A C Carbon steel 3)4) 60
B C €arbomrsteet 235 OU
A449 C Carbon steel (2) (5) (6) 120
C Carbon steel 2) (5) (™) 105
C Carbon steel (2) (5) (8) 90
Low and Intermediate Alloy Steel
A193 B5 5Cr-%Mo Alloy steel (5) (9) (10) 100 80
B7 1Cr-"Mo Alloy steel (11 125 105
B7 1Cr-Y%Mo Alloy steel (12) 115 95
B7 1Cr-%Mo Alloy steel (13) 100 75
B7M 1Cr-“%Mo Alloy steel (2) (11 100 80
A193 B16 1Cr-*4Mo-V Alloy steel (119 125 105
B16 1Cr-"4Mo-V Alloy steel (12) 110 95
B16 1Cr-Y%Mo-V Alloy steel (13) 100 85
A194 3 5Cr-",Mo-V Alloy steel m
4 C-Mo Alloyysteel (1) (14)
Cr-Mo Alloy steel (§8]
A320 L7 1Cr-%Mo Alloy steel (2) (5) (15) 125 105
L7M 1Cr-“%Mo Alloy steel (2) (11 100 80
L43 1%,Ni-¥,Cr-%Mo Alloy steel (2) (5) (15) 125 105
A354 BC Alloy steel (5) (9) (11) 125 109
BC Alloy steel (5) (9) (12) 115 99
BD Alloy steel (5) (9) (11) 150 130
BD Alloy steel (5) (9) (12) 140 120
Stainless Steels: Austenitic
A193 B8 1 18Cr-8Ni S30400 (5) (16) (17) 75 30
B8C 1 18Cr-10Ni-Cb $34700 (5) (16) (17) 75 30
B8M 1 16Cr-12Ni-2Mo S31600 (5) (16) (17) 75 30
B8T 1 18Cr-10Ni-Ti $32100 (5) (16) (17) 75 30
A193 B8 2 18Cr-8Ni S30400 (5) (18) (19) 125 100
B8 2 18Cr-8Ni S30400 (5) (18) (20) 115 80
B8 2 18Cr-8Ni $30400 (5) (18) (21) 105 65
B8 2 18Cr-8Ni S30400 (5) (18) (22) 100 50
A193 B8C 2 18Cr-10Ni-Cb S34700 (5) (18) (19) 125 100
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
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Table A-10 Bolts, Nuts, and Studs

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

7.0 7.0 A A307

Py

o

By

g

b N

P o
~

P o

B

h

23.0 23.0 230 .. 23.0 .. 23.0 23.0 .. A449
20.2 20.2 202 .. 202 .. 202 202
145 145 145 .. 145 .. 145 145

Low and Intermediate Allpy Steel
20.0 20.0 20.0 .. 20.0 .. 20.0 20.0 20.0 20.0 20.0 185 145 104 76 56 42 34,20 13 BS A193
25.0 25.0 25.0 .. 250 .. 250 250 25.0 25.0 23.6 21.0 163 125 85 45 .. .. B7
23.0 23.0 23.0 .. 23.0 .. 23.0 23.0 23.0 23.0 22.2 20.0 163 125 85 45 .. B7
188 188 188 .. 188 .. 188 188 18.8 188 188 18.0 163 125 85 45 .. B7
20.0 20.0 20.0 .. 20.0 .. 20.0 20.0 20.0 20.0 20.0 185 16.5 125 85 4 .. B7M

25.0 5.0 25.0 .. 25.0 .. 250 25.0 25.0 25.0 25.0 25.0 23.5 20.5 16.0: 11.0 63 28 .. Bl6 A193
22.0 2.0 220 .. 22.0 .. 220 22.0 22.0 22.0 22.0 22.0 21.0 185 53 11.0 63 28 .. Bl6
20.0 20.0 200 .. 20.0 .. 20.0 20.0 20.0 20.0 20.0 20.0 188 16,7 143 11.0 63 2.8 .. Bl6

A194

25.0 25.0 25.0 .. 25.0 .. 250 25.0 25.0 25.0~.: w L7 A320
20.0 20.0 20.0 .. 20.0 .. 20.0 20.0 20.0,20:0" 20.0 185 163 125 85 45 .. L7M
25.0 5.0 25.0 .. 25.0 .. 25.0 25.0 25.0 25.0 .. .. L43

25.0 5.0 25.0 .. 25.0 .. 250 25.0)25.0 .. .. BC A354
23.0 23.0 23.0 .. 23.0 .. 23,0230 23.0 .. .. BC
30.0 30.0 30.0 .. 30.0 .. ~30.0 30.0 30.0 .. .. BD
28.0 28.0 28.0 .. 28.0 «£\28.0 28.0 28.0 .. .. BD

Stainless Steels: Austenitic
188 16.7 150 ...\138 .. 129 121 120 11.8 115 11.2 11.0 108 106 104 101 98 77 61 B8 A193
18.8 179 164/, 155 .. 15.0 143 14.1 13.8 13.7 13.6 13.5 13,5 13.4 134 121 9.1 6.1 4.4 B8C
188 17.7 16.6N%.. 143 .. 133 126 123 121 119 11.7 11.6 115 114 113 112 11.0 98 74 B8M
188 178165 .. 153 .. 143 13.5 133 129 12.7 125 124 123 121 120 96 69 50 3.6 B8T

25.0 .. .. B8C A193
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Table A-10 Bolts, Nuts, and Studs (Cont’d)

Specified Specified
Type Material Minimum Minimum
Spec. or Category/ Tensile, Yield,
No. Grade Class Nominal Composition UNS No. Notes ksi ksi
Stainless Steels: Austenitic (Cont’d)
A193 B8M 2 16Cr-12Ni-2Mo $31600 (5) (18) (19) 110 80
B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (20) 100 80
B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (21) 95 75
B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (22) 90 65
A193 B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (19) 125 100
B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (20) 115 80
BST 2 18Cr-10Ni-Ti $32100 (5) (18) (21) 105 65
B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (22) 100 50
A194 8 18Cr-8Ni S30400 (@)
8C 18Cr-10Ni-Cb S34700 1
A194 8M 16Cr-12Ni-Mo $31600 1
8T 18Cr-10Ni-Ti $32100 (1
8F 18Cr-8Ni-Fm (1)
A320 B8 1 18Cr-8Ni S30400 (5) (18) 75 30
B8 1 18Cr-8Ni S30400 (5) (23) 75 30
B8 2 18Cr-8Ni S30400 (5) (18) (22) 100 50
B8 2 18Cr-8Ni $30400 (5) (18) (21) 105 65
B8 2 18Cr-8Ni $30400 (5) (18) (20) 115 80
B8 2 18Cr-8Ni $30400 (5) (18) (19) 125 100
A320 B8C 1 18Cr-10Ni-Cb S34700 5) 75 30
B8C 1 18Cr-10Ni<€b S34700 (5) (23) 75 30
B8C 2 18Cr-10Ni=Cb S34700 (5) (18) (22) 100 50
B8C 2 18Cx-10Ni-Cb S34700 (5) (18) (21) 105 65
B8C 2 180r-10Ni-Cb $34700 (5) (18) (20) 115 80
B8C 2 18Cr-10Ni-Cb $34700 (5) (18) (19) 125 100
A320 B8M 1 16Cr-12Ni-2Mo $31600 5 75 30
B8M 1 16Cr-12Ni-2Mo S31600 (5) (23) 75 30
B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (22) 90 50
B8M. 2 16Cr-12Ni-2Mo S$31600 (5) (18) (21) 95 65
B8M 2 16Cr-12Ni-2Mo $31600 (5) (18) (20) 100 80
B8M 2 16Cr-12Ni-2Mo S31600 (5) (18) (19) 110 95
A320 B8T 1 18Cr-10Ni-Ti $32100 5 75 30
BST 1 18Cr-10Ni-Ti $32100 (5) (23) 75 30
B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (22) 100 50
B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (21) 105 65
B8T 2 18Cr-10Ni-Ti $32100 (5) (18) (20) 115 80
BST 2 18Cr-10Ni-Ti $32100 (5) (18) (19) 125 100
A453 660 A&B 15Cr-25Ni-Mo-Ti-V-B $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 22.0 .. 220 .. 220 22.0 22.0 22.0 22.0 .. .. B8M A193
20.0 20.0 200 .. 20.0 .. 20.0 20.0 20.0 20.0 20.0 .. .. B8M
188 17.7 163 .. 163 .. 163 16.3 16.3 16.3 16.3 .. .. B8M
188 17.7 156 .. 143 .. 133 125 125 125 125 .. .. B8M

25.0 |. .n B8T A193

8 A194
8C

8M A194
8T
8F

188 16.7 150 .. 138 .. .. B8

18.8 |.. .. B8C A320
188 184 171 .. 16.0 .. .. B8C

18.8 |... .. B8M A320
18.8 17.7 15.6 .. \143 .. .. B8M
25.0 B8M

18.8 .. .. B8T A320
188 17.8 16.5 .. 153 .. .. B8T

21.3 21.3 21.3 21.3 21.3 21.3 21.3 213 213 213 213 213 213 213 213 213 .. .. 660 A453
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Table A-10 Bolts, Nuts, and Studs (Cont’d)

Specified Specified
Type Material Minimum Minimum
Spec. or Category/ Tensile, Yield,
No. Grade Class Nominal Composition UNS No. Notes ksi ksi
Stainless Steels: Austenitic (Cont’d)
A479 TP309H 23Cr-12Ni S30909 (24) 75 30
TP309H 23Cr-12Ni S30909 75 30
TP3TOH 25CT=20NT S31T009 V43) 75 30
TP310H 25Cr-20Ni S31009 75 30
Stainless Steels: Martensitic
A193 B6 (410) 13Cr S41000 (5) (10) 110 85
A194 6 13Cr S41000 1)
Stainless Steels: Precipitation Hardened
A564 630 H1100 17Cr-4Ni-3.5Cu-0.04P S17400 (5) (25) 140 115
Copper and Copper Alloys
B150 C€61400 (2)426) (27) (28) 80 40
C€61400 (2) (26) (28) (29) 75 35
61400 (2) (26) (28) (30) 70 32
€61400 (2) (26) (28) (31) 70 30
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Table A-10 Bolts, Nuts, and Studs (Cont’d)

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

100 200 300 350 400 450 500 600 650 700 750

800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade

Spec.
No.

20.0
20.0
20.0
20.0

28.0

17.5
17.5
17.5
17.5

Stainless Steels: Austenitic (Cont’d)

20.0 20.0 20.0 19.4 188 185 18.2 18.0 17.7 17.5 17.2 169 138 103 7.6 55 40 TP309H A479
17.5 16.1 15.1 144 139 13.7 13,5 13.3 13.1 129 12.7 125 123 103 7.6 55 4.0 TP309H
76 161 5T #3137 135 133 131 129 127 125 123 121 103 5 55 U IP310
20.0 20.0 19.9 19.3 185 182 179 17.7 174 17.2 169 16.7 138 103 7.6 55 4.0 TR3{10H
Stainless\Steé€ls: Martensitic
9.5 189 18.5 183 179 17.6 17.2 16.7 16.1 153 123 B6 A193
6 A194
Stainl€ss Steels: Precipitation Hardened
630 A564
Copper and Coppefr Alloys
7.5 17.5 17.5 17.2 16.6 16.1 B150
7.5 17.5 17.5 17.2 16.6 16.1
7.5 175 17.5 17.2 16.6 16.1
7.5 17.5 17.5 17.2 16.6 16.1
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Table A-10 Bolts, Nuts, and Studs (Cont’d)

GENERAL 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:

&

(2)
(3
(4)

(5)

(6)
(7)
(8)
)

(10)
(11
(12)
(13)
(14)

(15)
(16)
(17)

(18)

(19)
(20)
(21
(22)
(23)
(24)

(25)
(26)
(27
(28)
(29)
(30)
(31

(a) Gra

des 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) Gra

de 4, -20°F to 900°F

(e) Grades 6 and 8F, =20°F to 800°F

(f) Gra
THIS
This 1
Theal
SP-58
These
joints,
detert
These
These
These
Betwg
tensil
These
These
These
These
Upon
graph
Minin]
The al
The a
tempe
The h4
in. acrj
menty
These
These
These
These
These
Due t
short
excee
permg
can cg
These
Weldi
These
Temp
These

es 8, 8C, 8M, and 8T, -20°F to 1,200°F

MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 10031:2*
haterial shall not be used above 400°F. The allowable stress value is 7,000 psi.

owable stress values listed in MSS SP-58 for this material may be used for pipe-supporting elements designed in accordance wi

allowable stress values are established from a consideration of strength only and will be satisfactory for average service. For
where freedom from leakage over a long period of time without retightening is required, lower stress#alues may be neces
hined from the relative flexibility of the flange, bolt, and corresponding relaxation properties.

allowable stress values apply to bolting materials < 1 in. in diameter.

allowable stress values apply to bolting materials = 1 in. in diameter and < 1% in. in diameter,

allowable stress values apply to bolting materials > 1% in. in diameter and < 3 in. in didmetér.

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 smalley.

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 exposure 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°F-apply only if the carbon content of the material is 0.04% or
lowable stress values tabulated for temperatures over 1,000SE/apply only if the material is heat treated by heating to a mi
rature of 1,900°F and quenching in water or rapid cooling'by other means.

rdness of this material, under the thread roots, shall notexeeed Rockwell C35. The hardness shall be measured on aflatarea, at
oss, prepared by removing thread. No more materialthan 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 bolting\materials larger than 1 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\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
ime tensile properties governjto permit the use of these alloys where slightly greater deformation is acceptable. These stress|
67% but do not exceed90% of the yield strength at temperature. Use of these stress values may result in dimensional changeg
nent strain. These values'should notbe used for the flanges of gasketed joints or other applications where slightamounts of dis|
use leakage or malfunction.

allowable stress yalues apply to bolting materials 8 in. in diameter and smaller.
hg or brazing of this material is not permitted.

allowable'$tress values apply to bolting materials % in. in diameter and smaller.
ered to"HR50.

allowable stress values apply to bolting materials larger than % in. but not larger than 1 in. in diameter.

These

ith MSS

bolted
bary as

ecified

Ited to

higher.
himum

east %
asure-

bre the
values
due to
fortion

allowable stress values apply to bolting materials larger than 1 in. but not larger than 2 in. in diameter

These

allowable stress values apply to bolting materials larger than 2 in. but not larger than 3 in. in diameter.
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Table B-1 Thermal Expansion Data

A A Caefbiciamntatdh 1L
Zr=—nrean-Coerrcrent-ot-rnermarcxp

B = Linear Thermal Expansion, in./100 ft

|
} 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
Group 1 carbon and low alloy A 5.5 5.9 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 926, -16 -09 0 1.0 19 2.8 37 4.7 5.7 6.8 7.9 90 fo1 113 124 147
Group 2 low alloy steels [Note (3}] A 6.0 65 6.7 7.0 7.3 7.4 7.6 7.7 7.8 7.9 8.0 8.1 8.2 8.3 8.4 8.4 8.5
B -29 -17/)-10 1.1 2.0 3.0 4.0 5.0 6.0 7.0 8.1 92 03 114 125 135
5Cr-1Mo steels A 56 60 ) 6.4 6.7 6.9 7.0 71 7.2 7.2 7.3 7.4 75 7.6 7.6 7.7 7.8
B 27 -16 -09 1.0 1.9 2.8 37 46 55 6.4 74 8.4 93 103 114 124
9Cr-1Mo steels A 50 54 56 5.8 6.0 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7.0 7.1 7.2 7.2
B 24 -14 -08 09 17 2.5 33 41 5.0 59 6.8 7.7 8.7 97 106 116
Straight chromium stainless steel 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 17 2.5 3.3 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 5.9 6.0 6.1 6.2 6.2 6.3 6.4 6.4 6.5 6.5
B 21 -13  -07 09 1.6 23 3.0 38 46 54 6.2 7.0 7.9 8.7 95 104
27Cr steels A 43 47 4.9 5.0 5.2 5.2 5.3 54 5.4 5.5 56 5.7 5.7 5.8 59 5.9 6.0
B 20 -12 -07 08 14 21 2.8 35 42 49 56 6.4 7.2 8.0 8.7 9.6
Austenitic stainless steels (304, A 75 80 8.2 8.5 8.9 9.2 9.5 9.7 99100 101 102 103 [04 106 107 108
305, 316, 317, 321, 347, 348, B -36 -21 -12 1.4 25 38 5.0 6.3 75 88 102 115 29 143 158 172
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 0 13 2.4 35 4.7 5.8 7.0 8.4 95 107 20 133 147 161
Gray cast iron A 5.8 5.9 6.1 6.3 6.5 6.7 6.8 7.0 7.2
B 0 0.9 16 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
B -13  -08 0 0.9 1.7 26 35 45 5.4 6.4 7.3 8.4
Monel (67Ni-30Cu) N04400 A 58 68 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
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Table B-1 Thermal Expansion Data (Cont’d)

- . . 6. . o
4G5 Mean Coefficient of Thermal Expansion, 10"~ in./in./°F 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 -2.7/ 18 -1.0 0 1.3 2.3 3.4 4.5 5.6 6.7 7.8 9.0 10.1 11.3 12.4 13.6 14.8
Nickel alloys N02200 and N0220 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 10.7 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 -26 -16 -0.9 11 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 7.2 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 29 3.8 4.7 5.6 6.6 7.7 8.8 9.9 11.1 12.3 13.6
Nickel alloys N08800 and N0881 A 5.9 6.9 7.4 7.9 8.4 8.6 88 8.9 9.0 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8
B -28 -17 -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 8.3 8.4 8.5 8.6
B -1.0 1.2 2.2 3.2 4.2 5.2 6.3 7.4 8.5 9.6
Nickel alloy N10276 6.0 6.3 6.5 6.7 6.9 7.1 72 7.4 7.5 7.6 7.7 7.8 7.9 8.0
B 0 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 -23 -1.3 0 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 -40 -23 -1.3 1.6 2.8 4.0 5.3 6.6 8.0 9.3 10.7 12,1 13.5 14.9
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 -22 -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 A Caefbiciamntatdh 1L iy - :
Zr=—nrean-Coerrcrent-ot-rnermarcxp TO 71

B = Linear Thermal Expansion, in./100 ft

|
} in Going From 70°F to Indicated Temperature [Note (1)]

Material

Temperature Range 70°F to

Coefficient ,-325 -150

-50

700 800 900 1,000

1

,100 1,200 1,300

1,400

Aluminum alloys

Titanium alloys (Grades 1, 2, 3, 7
and 12)

B -32 -20
A 9.9/ 10.9
B -4.7 =29
A
B

-1.1

11.6
-1.7

4%
-06

70 200
0 1.3
121 13.0
0 2.0
4.6 4.7
0 0.7

7.0

5.0 5.1
3.8 4.5

NOTES:

(1) These data are for informatio|

(2) Group 1 alloys (by nominal ¢
Carbon steels (C,
c-"%4Mo
Y,Cr-"%Mo-V
,Cr-",Mo-Si
Cr-Y%Mo
YCr-Y4Ni-%Mo
%4 Cr-"4Ni-Cu
%4 Cr-%,Ni-Cu-Al
1Cr-%%Mo
1Cr-"sMo-Si
1Cr-%Mo

(3) Group 2 alloys (by nominal ¢
Mn-V
Mn-Y,Mo

h and it is not to be implied that materials are suitable for all the temperature ranges shown.

mposition):

C-Si, C-Mn, and C-Mn-Si)

mposition):

1Cr-*4Mo-V.
1Y,Cr-"%Mo
1Y,Cr-Y%Mo-Si
1%,Cr-%Mo-Cu
2Cr-"%Mo
2%,Cr-1Mo
3Cr-1Mo

Y Ni-Y,Mo-V

Yo Ni-Y,Cr-%,Mo-V
%,Ni-%,Mo-Cr-V
%,Ni-%Mo-Cr-v

Mn-;Mo
Mn-%Mo-Y,Ni

%,Ni-Y,Cu-Mo
%,Ni-'4Cr-"%Mo-V
%,Ni-1Mo-%,Cr
1Ni-*4Cr-4Mo
1Y,Ni-1Cr-",Mo
1%,Ni-%,Cr-Y,Mo
2Ni-%,Cr-"4Mo
2Ni-%,Cr-"4Mo
2V,Ni

3%Ni
3%Ni-1%,Cr-%Mo-V

Mn-Y¥o-",Ni
Mn-Y%Mo<4Ni
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Table B-1 (SI) Thermal Expansion Data

A = Mean Coefficient of Thermal Expansion, 107% mm/mm/°C

B = Linear Thermal Expansion, mm/m

} in Going From 20°C to Indicated Temperature [Note (1)]

Temperature Range 20°C to

Coeffi-

Material cient -200 -100 -50 20 50 75 100 125 150 175 200 225 250 275
Group 1 carbon and low alloy A 99 10.7 111 115 118 119 121 123 124 126 127 129 13.0 132
steels [NOte (2)] B 22 13 0.8 0 0-4 0z 10 13 16 20 23 26 30 3.4
Group 2 low alloy steels [Note (3)] A 108 11.7 120 126 128 13.0 13.1 132 134 135 13.6 13.7_(13.8 |[3.9
B -24 -14 -08 0 0.4 0.7 1.0 1.4 1.7 2.1 2.4 2.8 3.2 3.6
5Cr-1Mo stgels A 101 108 112 115 118 12.0 121 123 124 125 126126 127 [2.8
B -22 -13 -08 0 0.4 0.7 1.0 1.3 1.6 1.9 23 2.6 2.9 3.3
9Cr-1Mo stpels A 9.0 98 101 105 106 107 109 110 111 €C+12 113 114 115 (1.6
B -20 -12 -07 0 0.3 0.6 0.9 1.2 1.4 1.7 2.0 2.3 2.6 3.0
Straight chrpmium stainless steels A 91 99 102 106 109 110 111 143 114 114 115 116 116 [1.7
12Cr to 13Cr steels B -20 -12 -07 O 03 06 09)W2 15 18 21 24 27 [30
15Cr to 1|7Cr steels A 8.1 8.8 9.1 9.6 9.7 99 *10.0 10.1 10.2 103 104 105 10.6 0.7
B -1.8 -11 -0.6 0 0.3 0.5 0.8 1.1 1.3 1.6 1.9 2.2 2.4 2.7
27Cr stedls A 7.7 8.5 8.7 9.0 92 9.2 9.3 9.4 9.4 9.5 9.5 9.6 9.6 9.7
B -1.7 -1.0 -0.6 0 0.3 0.5 0.7 1.0 1.2 1.5 1.7 2.0 2.2 2.5
Austenitic stainless steels (304, A 13.5 143 14.7.~45.3 156 159 16.2 164 16,6 168 170 172 174 7.5
305,316,317, 321, 347,348,  p  _39 -17 10~ 0 05 09 13 17 22 26 31 35 40 |45

19-9DL, YM-15, etc.)
Other austehitic stainless steels A 12.8~13'6 141 147 150 152 154 156 157 159 16.0 16.1 163 [6.4
(309, 31Q, 315, XM-19, etc) B  £87-16 -10 0 04 08 12 16 20 25 29 33 37 |42
Gray cast irpn A 98 101 102 104 105 10.7 108 11.0 111 11.2 |14
B 0 0.3 0.6 0.8 1.1 1.4 1.7 2.0 2.3 2.6 2.9
Ductile cast]iron A 8.8 95 103 105 10.7 109 111 113 116 118 120 122 [12.4
B -1.1 -0.7 0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.5 2.8 3.1
Monel (67Nji-30Cu)*'N04400 A 104 122 130 138 141 144 146 148 150 151 153 154 155 |[5.6
B -23 -15 -09 0 0.4 0.8 1.2 1.6 1.9 2.3 2.8 3.2 3.6 4.0
Nickel alloys N02200 and N02201 A 96 108 114 119 124 127 13.0 133 135 13.7 139 14.0 142 143
B -22 -14 -08 0 0.4 0.7 1.0 1.4 1.8 2.1 2.5 2.9 3.3 3.6
Nickel alloy N06022 A 124 124 124 124 124 124 124 124 125 125 126
B 0 0.4 0.7 1.0 1.3 1.6 1.9 2.2 2.6 29 3.2
Nickel alloy N06600 A 99 108 115 123 125 127 128 13.0 132 133 135 13.6 13.7 138
B -22 -13 -08 0 0.4 0.7 1.0 1.4 1.7 2.1 2.4 2.8 3.2 3.5
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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

300

325

350

375

400

425

450

475

500

525

550

575

600

625

650

675

700

725

750

775

800

13.3
3.7

14.0
3.9

12.8
3.6

11.7
3.3

11.7
33

10.8
3.0

9.7
2.7

17.7
4.9

16.5
4.6

11.5
3.2

12.5
3.5

15.7
4.4

14.4
4.0

12.6
3.5

14.0
3.9

13.4

13.6

13.7

13.8

14.0

14.1

14.2

14.4

14.5

14.6

14.7

14.8

14.9

15.0

15.1

15.1

15.2

15.3

15.3

15.4

4.1

14.1
4.3

12.9
39

11.8
3.6

11.8
3.6

10.8
3.3

9.8
3.0

17.8
5.4

16.6
5.0

11.7
3.6

12.6
39

15.8
4.8

4.5

14.2
4.7

13.0
43

11.9
3.9

11.8
39

10.9
3.6

9.9
33

17.9
5.9

16.6
5.5

11.8
3.9

12.8
4.2

15.9
5.2

4.9

14.3
5.1

13.0
4.6

11.9
4.2

119
4.2

11.0
3.9

9.9
3.5

18.0
6.4

16.7
5.9

12.0
4.2

129
46

16.0
5.7

53

14.4
5.5

13.1
5.0

12.0
4.6

119
4.5

11.0
4.2

10.0
3.8

18.1
6.9

16.8
6.4

12.1
4.6,

13.0
4.9

16.0
6.1

57

14.5
5.9

13.2
5.3

12.1
4.9

12.0
4.9

11.1
4.5

10.0
4.1

18.2
7.4

16.9
6.8

12.3
5.0

13.1
5.3

16.1
6.5

6-1

14.6
6.3

13.2
5.7

12.2
5.2

12.0
5.2

11.2
4.8

10.1
4.3

18.3
7.9

17.0
7.3

12.4
5.3

13.2
5.7

16.1
6.9

6-5

14.6
6.7

13.3
6.1

12.3
5.6

12.1
5.5

11.2
5.1

10.2
4.6

18.4
8.3

17.1
7.8

12.6
5.7

13.2
6.0

16.2
7.4

69

14.7
7.1

13.4
6.4

12.3
5.9

12.1
5.8

113
5.4

10.2
4.9

18.4
8.9

17.2
8.2

12.7
6.1

13.3
6.4

16.2
7.8

73

14.8
7.5

13.4
6.8

12.4
6.3

12.2
6.2

113
5.7

10.3
5.2

18:5
9.4

17.2
8.7

129
6.5

13.4
6.8

16.3
8.2

Z7

14.8
7.9

13.5
7.2

12.5
6.6

12.2
6.5

11.4
6.0

10.4,
5.5

18.6
9.9

17.3
9.2

13.0
6.9

13.5
7.2

16.3
8.6

8.2

14.9
8.3

13.6
7.5

12.6
7.0

12.3
6.8

11.4
6.3

10.4
5.8

18.7
10.4

17.4
9.7

16.4
9.1

3.6

15.0
8.7

13.6
7.9

12.7
7.3

12.3
7.2

115
6/6

10.5
6.1

18.8
10.9

17.5
10.2

16.4
9.5

90

15.0
9.1

13.7
8.3

12.7
7.7

12.4
75

11.5
7.0

10.5
6.4

18.9
11.4

17.6
10.6

16.5
10.0

94

15.1
9.5

13.7
8.7

12.8
8.1

124
7.8

11.5
7.3

10.6
6.7

19.0
12.0

17.7
11.1

16.5
10.4

99

15.1
9.9

13.8
9.0

12.9
8.5

12.5
8.2

11.6
7.6

10.6
7.0

19.1
12.5

17.8
11.7

16.5
10.8

103

15.2
10.3

139
9.4

3.0
8.9

12.5
8.5

11.6
7.9

10.7
7.2

19.2
13.1

17.9
12.2

16.6
11.3

107

15.2
10.7

13.9
9.8

13.1
9.3

12.5
8.8

11.7
8.2

10.7
7.6

19.3
13.6

18.0
12.7

16.6
11.7

114

15.3
11.1

14.0
10.2

13.3
9.7

12.5
9.2

11.7
8.6

10.8
7.9

19.4
14.1

18.1
13.2

16.7
12.2

116

15.3
171

14.0
10.6

13.4
10.1

12.6
9.5

11.8
8.9

10.8
8.2

19.4
14.7

18.2
13.7

16.7
12.6

12

15.
11,

T o0

14,
11,

= =

13,
10,

Oy OV

12,

Oy

11,

D

10,

D

194
15,

N

18,
14,

[ A~

16,
13,

= 9

14.5
4.4

12.7
39

14.1
4.3

14.6
4.8

12.8
4.2

14.2
4.7

14.7
5.2

129
4.6

14.3
5.1

14.8
5.6

13.0
5.0

14.4
5.5

14.9
6.0

13.2
5.3

14.5
5.9

15.0
6.5

13.3
5.7

14.6
6.3

15.1
6.9

13.5
6.1

14.7
6.7

15.2
7.3

13.6
6.5

14.8
7.1

15.3
7.7

13.8
7.0

14.9
7.5

15.4
8.2

13.9
7.4

15.0
7.9

15.5
8.6

14.1
7.8

15.1
8.4

15.6
9.0

14.3
8.3

15.2
8.8

15.6
9.5

14.4
8.7

15.3
9.3

15.7
9.9

14.6
9.2

15.4
9.7

15.8
10.3

14.8
9.7

15.6
10.2

15.9
10.8

14.9
10.1

15.7
10.7

15.9
11.2

15.1
10.6

15.8
11.1

16.0
11.7

15.2
11.1

15.9
11.6

16.1
12.2

15.4
11.6

16.1
12.1

16.2
12.6

15.6
12.1

16.2
12.6
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Table B-1 (SI) Thermal Expansion Data (Cont’d)

A = Mean Coefficient of Thermal Expansion, 107% mm/mm/°C

B = Linear Thermal Expansion, mm/m

} in Going From 20°C to Indicated Temperature [Note (1)]

Temperature Range 20°C to

Coeffi-
Material cient -200 -100 -50 20 50 75 100 125 150 175 200 225 250 275
Nickel alloy NOGE2E A 1').n 1’)./1 1').A 1').Q 1’).0 12.n 12.1 12.'7 12.'7 12.'7 133
B 0 04 07 10 14 17 20 24 27 3634
Nickel alloyk NO8800 and NO8810 A 10.6 125 133 142 146 149 151 153 155 156 158 159 60 [6.1
B -23 -15 -09 0 04 08 12 16 20 24 28, 33 37 |41
Nickel alloy| N08825 A 129 135 13.6 137 139 140 142 143, 1%4 144 145 [l46
B 09 0 04 08 11 15 18 29%26 30 33 |37
Nickel alloy|N10276 A 108 11.0 11.2 114 116 11777119 120 122 124 [I125
B 0 03 06 09 12 (15 18 22 25 28 |32
Copper allofs C1XXXX series A 139 157 162 167 170 172 17.3)17%4 175 176 177 178 178 [17.9
B -31 -19 -11 0 05 09 14 " 18 23 27 32 36 41 |46
Bronze allojs A 151 158 164 172 176 1797 180 182 182 183 184 185 185 [186
B -33 -19 -11 0 05, M0 14 19 24 28 33 38 43 |47
Brass alloy{ A 147 154 160 167-471 174 176 178 180 182 184 186 188 [19.0
B -32 -19 -11 0 05 10 14 19 23 28 33 38 43 |48
Copper-nickel (70Cu-30Ni) A 119 134 A%0~ 145 149 152 153 155 157 158 160 161 163 [64
B -26 -16 =10 0 04 08 12 16 20 25 29 33 37 |42
Aluminum 3lloys A4 180 197 208 217 226 231 234 237 239 242 244 247 250 P52
B _-40 -24 -15 0 07 13 19 25 31 37 44 51 57 |64
Titanium alloys (Grades 1, 2, 3,7, /4 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 20 |22
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Table B-1 (SI) Thermal Expansion Data (Cont’d)

ASME B31.1-2020

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
13.3 433—134-13.5 135 136 137 138 140 141 142 143 145 146 148 149 150 151 153 1c4 1c
37141 44 48 51 55 59 63 67 71 75 80 84 88 93 98 102 107 11.2 11.6- M2|
16.2 [16.3 164 16.5 16.5 16.6 16.7 168 168 169 17.0 17.1 172 17.2 173 17.4 17.5 17.6 17.7 178 17Pp
45 |50 54 58 63 67 72 76 81 85 90 95 99 104 109 114 119 124 129 134 14p
14.7 |148 149 150 151 151 152 153 154 155 156

41145 49 53 57 61 65 70 74 78 83

12.6 [12.8 129 13.0 13.1 13.2 133 134 135 13.6 13.7 138 139 14.0 14.1 14.2° 143 143 144 145 14p
35139 43 46 50 54 57 61 65 69 73 77 81 85 89(9W3 97 101 105 109 114
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 77 83 88 93 98 103 109v114 119 125

19.2 [19.3 19.5 19.6 19.8 20.1 20.3 20.5 20.7 20.8 210" 21.2 214 21.6 218

54159 64 70 75 82 87 93 99 105\111 118 124 131 13.7

16.5 |16.5 16.6 16.6 16.7

46 |50 55 59 63

25.5 [25.6

71178

88 188 89 89 9.0,/792

25 27 29 32 34N37
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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-%Cr-%Mo-V
Y Cr-YMo-V 1Y,Cr-%%Mo-Si %,Ni-1Mo-%,Cr

Y Cr-Y,Mo-Si 1%,Cr-%Mo-Cu 1Ni-%,Cr-"Mo
YCr-Y,Mo 2Cr-“%Mo 1Y,Ni-1Cr-"%Mo
Y Cr-Y%Ni-%Mo 2Y,Cr-1Mo 1%4Ni-¥%,Cr-YMo
¥,Cr-Y%Ni-Cu 3Cr-1Mo 2Ni-%,Cr-",Mo
%,Cr-%,Ni-Cu-Al Y%Ni-Y,Mo-V 2Ni-%,Cr-"4Mo
1Cr-“%Mo Yo Ni-Y,Cr-%,Mo-V 2Y%Ni
1Cr-"4Mo-Si %, Ni-Y%Mo-Cr-v 3%Ni

1Cr-%Mo %,Ni-Y%,Mo-Y4Cr-v 3%Ni-1%4Cr-%Mo-V

(3) Group 2 alloys (by nominal composition):
Mn-V Mn-'4Mo Mn-",Mo-"%Ni
Mn-";,Mo Mn-"4Mo-",Ni Mn-",Mo-%,Ni
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MANDATORY APPENDIX C
MODULI OF ELASTICITY
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Table C-1 Moduli of Elasticity for Ferrous Material

E = Modulus of Elasticity, psi (Multiply Tabulated Values by 10°) [Note (1)]

Temperature, °F

Material -1100 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 1,400 1,500
Carbon steels with carbon 0.3 29.4 28.8 283 27.4 27.3 26.5 25.5 24.2 22.5 20.4 18.0
content 0.30% or less
Carbon steels with carbon 0.1 29.2 28.6 28.1 27.7 27.1 26.4 25.3 24.0 22.3 20.2 17.9 15.4
content above 0.30%
Carbon-molybdenum steels 0.0 29.0 285 28.0 27.6 27.0 26.3 25.3 239 22.2 20.1 17.8 15.3
Nickel steels 28.6 27.8 271 26.7) 26.2 25.7 25.1 24.6 239 23.2 22.4 21.5 20.4 19.2 17.7
Chromium steels:
%Cr through 2Cr 0.5 29.6 29.0 28.5 28,0 27.4 26.9 26.2 25.6 24.8 23.9 23.0 21.8 20.5 18.9
21A;Cr through 3Cr 1.4 30.6 299 29.4 28.8 28.3 27.7 27.0 26.3 25.6 24.7 23.7 22.5 21.1 19.4
5Cr through 9Cr 1.9 31.0 30.3 29.7 29.2 28.6 28.1 27.5 269 26.2 25.4 24.4 23.3 22.0 20.5
Austenitic stainless steels:
Type 304, 18Cr-8Ni 9.2 28.3 27.5 27.0 26.4 25.9 25.3 24.8 24.1 23.5 22.8 22.0 21.2 20.3 19.2 18.1
Type 310, 25Cr-20Ni 29.2 28.3 27.5 27.0 26.4 25.9 25.3 24.8 24.1 23.5 22.8 22.0 21.2 20.3 19.2 18.1
Type 316, 16Cr-12Ni-2Mo 29.2 28.3 27.5 27.0 26.4 25.9 25.3 24.8 24.1 23.5 22.8 22.0 21.2 20.3 19.2 18.1
Type 321, 18Cr-10Ni-Ti 29.2 28.3 27.5 27.0 26.4 25.9 25.3 24.8 24.1 23.5 22.8 22.0 21.2 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 23.5 22.8 22.0 21.2 20.3 19.2 18.1
Type 309, 23Cr-12Ni 9.2 28.3 27.5 27.0 26.4 25.9 25.3 24.8 24.1 23.5 22.8 22.0 21.2 20.3 19.2 18.1
Straight chromium stainless 0.2 29.2 28.4 279 27.3 26.8 26.2 25.5 245 23.2 21.5 19.2 16.5
steels (12Cr, 17Cr, 27Cr)
Gray cast iron 13.4 13.2 12.9 12.6 12.2 11.7 11.0 10.2

0202-1'1€9d ISV

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= »

Temperature, °C

Material -7b 25 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Carbon steels with carbon 20p 202 198 195 192 189 185 179 171 162 151 137 122 107
content 0.30% or less
Carbon steels with carbon 207 201 197 194 191 188 183 178 170 161 149 136 121 106
content above 0.30%
Carbon-molybdenum steels 20 200 196 193 190 187 183 177 170 160 149 135 121 106
Nickel steels 19y 191 187 184 181 178 174 171 167 163 158 153 147 141 133
Chromium steels:
YCr through 2Cr 21p 204 200 197 193 190 186 183 179 174 169 164 157 150 142
214Cr through 3Cr 21y 210 206 202 199 196 192 188 184 180 175 169 162 155 146
5Cr through 9Cr 22D 213 208 205 201 198 195 191 187 183 179 174 168 161 153
Austenitic stainless steels:
Type 304, 18Cr-8Ni 200 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127
Type 310, 25Cr-20Ni 201 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127
;l}\l/[poe 316, 16Cr-12Ni- 201 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127
Type 321, 18Cr-10Ni-Ti 201L 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127
Type 347, 18Cr-10Ni-Cb 201L 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127
Type 309. 23Cr-12Ni 201L 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127
Straight chromium stainless 20B 201 195 192 189 186 182 178 173 166 157 145 131

steels (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.

0202-1'1€9 INSVY
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Table C-2 Moduli of Elasticity for Nonferrous Material

E = Modulus of Elasticity, psi (Multiply Tabulated Values by 10°) [Note (1)]

Temperature, °F

Materials -100 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200
High Nickel Alloys
N02200 (200) 30.9 30.0 29.4 289 28.5 28.1 27.6 27.2 26.7 26.2 25.7 25.1 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 25.1 24.5
N04400 (400) 26.8 26.0 25.5 25.1 24.7 24.3 239 23.6 23.1 22.7 22.2 21.7 21.2
N06002 (X) 29.3 28.5 279 27.5 27.1 26.7 26.2 25.8 25.4 24.9 24.3 23.8 23.2
N06007 (G) 28.6 27.8 27.2 26.8 26.4 26.0 25.6 25.2 24.7 24.3 23.8 28.2 22,6
N06022 30.8 29.9 29.3 28.8 284 28.0 27.5 27.1 26.6 26.1 25.6 25.0 34.4
N06455 (C-f) 30.7 29.8 29.2 28.7 28.3 27.9 27.4 27.0 26.5 26.0 25.5 249 24.3
N06600 (6d0) 31.9 31.0 30.3 29.9 29.4 29.0 28.6 28.1 27.6 27.1 2615 259 353
N06617 (617) 29.2 284 28.0 27.7 27.4 27.0 26.5 26.0 25.5 24.9 24.3 238
N06625 (625) 30.9 30.0 29.4 289 28.5 28.1 27.6 27.2 26.7 26.2 25.7 251 34.5
N08020 288 28.0 27.4 27.0 26.6 26.2 25.8 25.4 249 24.4 239 23.4 32.8
N08320 (2(q Mod) 28.6 27.8 27.1 26.7 26.4 26.0 25.7 25.3 24.% 24.2 23.6 23.2 327
N08800 (8d0) (2) 29.3 28.5 27.9 27.5 27.1 26.7 26.2 25.8 25.4 24.9 24.4 23.8 23.2
N08810 (8(0H) (2) 29.3 28.5 27.9 27.5 27.1 26.7 26.2 258 25.4 249 24.4 238 33.2
N08825 28.8 28.0 27.4 27.0 26.6 26.2 25.8 25.4 249 24.4 239 23.4 328
N10001 (B) 32.0 31.1 30.4 30.0 29.5 29.1 287 28.2 27.7 27.2 26.6 26.0 353
N10276 (C-R76) 30.7 29.8 29.2 28.7 283 27.9 27.4 27.0 26.5 26.0 25.5 24.9 34.3
N10665 (B-R) 32.3 31.4 30.7 30.2 29.8 29.3 289 28.4 27.9 27.4 26.8 26.2 15.6

Aluminum pnd Aluminum Alloys

A24430 (B443) 10.5 10.0 9.6 9.2 8.7 8.1

A91060 (10/60) 10.5 10.0 9.6 9.2 8.7 8.1

A91100 (11{00) 10.5 10.0 9.6 9.2 8.7 8.1

A93003 (3003) 10.5 10.0 9.6 92 8.7 8.1

A93004 (3004) 10.5 10.0 9,6 9.2 8.7 8.1

A96061 (60/61) 10.5 10.0 9.6 9.2 8.7 8.1

A96063 (60/63) 10.5 10.0 9.6 9.2 8.7 8.1

A95052 (50(52) 10.7 10.2 9.7 9.4 8.9 8.3

A95154 (51f54) 10.7 10.2 9.7 9.4 8.9 8.3

A95454 (5454) 10:7 10.2 9.7 9.4 8.9 83

A95652 (5652) 10.7 10.2 9.7 9.4 8.9 8.3

A03560 (356) 10.8 10.3 9.8 9.5 9.0 8.3

A95083 (5083) 10.8 10.3 9.8 9.5 9.0 83

A95086 (50863 16-8 +0-3 9-8 95 59-8 83

A95456 (5456) 10.8 10.3 9.8 9.5 9.0 8.3

Copper and Copper Alloys

83600 14.4 14.0 13.7 13.4 13.2 129 12.5 12.0
€92200 14.4 14.0 13.7 13.4 13.2 129 12.5 12.0
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
€95200 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€95400 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8
€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
C14200 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 21.5 211 20.7 20.2 19.6 18.8
Unallgyed Titanium
Grade§ 1, 2, 3, 15.5 15.0 14.6 14.0 13.3 12,6 11.9 11.2

7, and 12
NOTES:
(1) THese data are for information and it is not to be implied that matérials are suitable for all the temperature ranges showi}.
(2) Fqr N08800 and N08810, use the following E values above 1,200°Fsat 1,300°F, E = 22.7; at 1,400°F, E = 21.9; at 1,500°F, E 4 21.2 x 10°.
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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 -¥5 25 100 150 200 250 300 350 400 450 500 550 600 630 700 750 800

High Nickel Alloys
N02200 (200)

DN

13 207 202 199 197 194 191 189 186 183 180 176 172 169 164 160 156

N02201 (201) 2[L3 207 202 199 197 194 191 189 186 183 180 176 172 169 164 160 156
N04400 (400) 1B5 179 175 173 171 168 166 163 161 158 155 152 149 146 142 139 135
N06002 (X) 2p2 196 192 189 187 184 182 179 176 173 170 167 163 160 156 152 148
N06007 (G) 1p7 191 187 185 182 180 177 175 172 169 166 163 160 156 152 148 144
N06022 2[12 206 201 199 196 193 191 188 185 182 179 175 172 168 164 160 155
N06455 (C-4) 2012 205 201 198 195 193 190 187 184 181 178 175 171 167 163 159 155
N06600 (600) 2P0 213 209 206 203 201 198 195 192 189 186 182 178 174 170 165 161
N06617 (617) .. 201 196 193 191 189 187 184 181 178 174 171 167 164 160 156 152
N06625 (625) 2[L3 207 202 199 197 194 191 189 186 183 180 176 172 169 164 160 156
N08020 1p9 193 189 186 184 181 179 176 173 170 167 164 161 1$7 153 150
N08320 (20 Mod) 1p8 192 187 185 182 180 177 175 172 169 167 163 159 1 152 149 144
N08800 (800) 2p2 196 192 189 187 184 182 179 176 173 170 167 164 160 156 152 148
N08810 (800H) 2p2 196 192 189 187 184 182 179 176 173 170 167 164 1 156 152 148
N08825 1p9 193 189 186 184 181 179 176 173 170 167 164 161 1 153 150

N10001 (B) 2p1 214 209 206 204 201 198 196 193 189 186 182 178 174 170 166 161
N10276 (C-276) 2012 205 201 198 195 193 190 187 184 181 178 175 171 167 163 159 155
N10665 (B-2) 2p3 216 211 208 206 203 200 197 194 191 188 184 180 176 172 168 163

Aluminum and Aluminum Alloys

A24430 (B443) 2 69 66 63 60 57 52 46
A91060 (1060) 2 69 66 63 60 57 52 46
A91100 (1100) /2 69 66 63 60 57 52 46
A93003 (3003) /2 69 66 63 60 57 52 46
A93004 (3004) /2 69 66 63 60 57 52 46
A96061 (6061) 2 69 66 63 60 57 52 46
A96063 (6063) 2 69 66 63 60 57 52 46

A95052 (5052) 74 70 67 65 62 58 53 47

0202-1'1€9d ISV
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Table C-2 (SI) Moduli of Elasticity for Nonferrous Material (Cont’d)

E= ]
Temperature, °C

Materials -5 25 100 150 200 250 300 350 400 450 500 550 600 700 750 800
Aluminum and Aluminum Alloys (Cont'd)
A95154 (5154) 4 70 67 65 62 58 53 47
A95454 (5454) /4 70 67 65 62 58 53 47
A95652 (5652) /4 70 67 65 62 58 53 47
A03560 (356) 75 71 68 65 62 58 54 47
A95083 (5083) /5 71 68 65 62 58 54 47
A95086 (5086) /5 71 68 65 62 58 54 47
A95456 (5456) /5 71 68 65 62 58 54 47
Copper and Copper Alloys
C83600 D9 96 94 93 91 89 87 84 81
€92200 D9 96 94 93 91 89 87 84 81
C46400 1p6 103 101 99 97 96 93 90 86
C65500 1p6 103 101 99 97 96 93 90 86
€95200 1p6 103 101 99 97 96 93 90 86
€95400 1p6 103 101 99 97 96 93 90 86
C10200 1p1 117 114 112 110 108 106 102 98
C11000 1p1 117 114 112 110 108 106 102 98
C12000 1p1 117 114 112 110 108 106 102 98
C12200 1p1 117 114 112 110 108 106 102 98
C12500 1p1 117 114 112 110 108 106 102 98
C14200 1p1 117 114 112 110 108 106 102 98
C€23000 1p1 117 114 112 110 108 106 102 98
C61400 1p1 117 114 112 110 108 106 102 98
C70600 17 124 121 119 117
C97600 1B5 131 128 126 123
C71000 142 138 134 132 130
C71500 156 152 148 145 143
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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 -

5 25 100 150 200 250 300 350 400 450 500 550

600

700

750

800

Unalloyed Titanium

Grades 1, 2, 3, 7, and 12

107 103 101 97 93 88 84 80 75 71

NOTE: (1) These data are for inf

rmation and it-iS(hot to be implied that materials are suitable for all the temperature ranges shown.
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MANDATORY APPENDIX D
FLEXIBILITY AND STRESS INTENSIFICATION FACTORS
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Table D-1 Flexibility and Stress Intensification Factors

Flexibility Flexibility Stress
Characteristic, Factor, Intensification Factor,
Description h k i Ilustration
L,

Welding elbow or pipe bend ;R 1.65 0.9 r

[Notes (1)-(5)] 2 h n2/3 R T
Closely spafed miter bend

Notes (1)-(3), (5

[Notes (1D-(3), (5] st, cot @ 1.52 0.9

s <r(1 +|tan 6)
B = 6t, 2r
0 < 22%|deg

2 h5/6 h2/3

Widely spaged miter bend

[Notes (1)), (2), (5), (6)] ta(1 + cot 0) 1.52 0.9
sz r(1 +|tan 6) D PN 12/3
0 < 22%|deg

Welding te¢ per
ASME B1}.9 [Notes (1), 3.1t, 1 %
(2), (7] r h

¢ 5/2 r
Reinforced fabricated tee (tn + l) 0.9
2

[Notes (1), (2), (8), (9)] W _L _U

Rl
(tn) T ;| V T

~

Pad | Saddl¢
. r :
Unreinforced Tabricated tee t, 1 0.9 -T—_t
[Notes (1), (2), (9)] . 273 f "
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Table D-1 Flexibility and Stress Intensification Factors (Cont’d)

Flexibility Flexibility Stress
Characteristic, Factor, Intensification Factor,
Description h k i Ilustration
Branch welded-on fitting
; : 3.3t 0.9
(integrally reinforced) per n 1 —
MSS SP-97 [Notes (1), (2)] r /3
. v
Extruded outlet meeting the 09 T
reqyirements of para. tn 1 — __..I_.__
104[3.1(g) [Notes (1), (2)] r w2/3 ~ | A1
_iln
Weldef-in contour insert 3.1t 1 0.9 i - K
[Nofes (1), (2), (7)] - 20 ¢ ) 17
rX
Flexibility Stress
Factor, Intensification Factor,
Description k i Illustration
For checking branch end
Branch connection 2/3, , \1/2 , . )
[Nofes (1), (10)] 1 1‘5(12,”] [rm] [tnb] 'm See Figure D-1
tuh Ry, L )
Butt weld [Note (1)]
t=0.237 in, 1 1.0 [Note (11)]
8ma < 1/16 in.,
and|8,,,/t < 0.13
Butt weld [Note (1)] —_—
t
¢ 2 9.237 in,, 1 t l
8may < Vg in,
and|8,,/t = any value 1.9 max. or [0.9 + 2.7(8,vg/t)],
but not less than 1.0 T b
Butt weld [Note (1)] [Note (11)]
t < 0.237 in,, 1
(Sma s 1/16 iI'l.,
and|8,,4/t-<40.33
Fillet welds 1 1.3 [Note (12)] See Figures 127.4.4-1-127.4.4-3
1.9 max. or t
Tapered transition per para. X
127.4.2(b) and 1 D, o _ -7
ASME B16.25 [Note (1)] 1.3 +0.0036—= + 3.6-— _ﬁ
n n

253


https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

ASME B31.1-2020

Table D-1 Flexibility and Stress Intensification Factors (Cont’d)

Flexibility Stress
Factor, Intensification Factor,
Description k i Ilustration
I
. A l t,

Concentric reducer per 2.0 max. or -T_ '

ASME B16.9 1 b 1/2 _T

[Notes (1), (13)] 0 + 001 22) e D,

() i

Threaded pjpe joint or 1 23

threaded|flange

Corrugated [straight pipe, or
corrugatdd or creased bend 5 2.5
[Note (14)]

GENERAL NOTES:

(a) The valldity of the stress intensification and flexibility factor data in Table D-1 has been demonstrated for D,/t, < 100.

(b) The degigner may use the stress intensification and flexibility factors from ASME B31] instead of the stress intensification and fle
factors herein. When using the stress intensification factors from ASME B31], the maximum of the'in-plane (i,), out-of-plane (i,), and to
(i) stresss intensification factors shall be used in calculating stresses in accordance with-pata. 104.8. Alternatively, stress intensif]
factors jmay be developed using ASME B31], Nonmandatory Appendix A.

NOTES:

&

(2

(3)
(4)
(5

(6)
@

The fgllowing nomenclature applies to Table D-1:

B

D, =

D,
DD
Dob

R =

a
6
0

The fl¢xibility factors, k, and stresgintensification factors, i, in Table D-1 apply to bending in any plane for fittings and shallinno case b
less thian unity. Both factors applyiover the effective arc length (shown by heavy centerlines in the illustrations) for curved and miter g
and tq the intersection point for tees. The values of k and i can be read directly from Figure D-2 by entering with the character
compiited from the formulas given.
Wher¢ flanges are attdched to one or both ends, the values of kand i in Table D-1 shall be multiplied by the factor, ¢, given below, which
read directly fromeKigtre D-3, entering with the computed h: one end flanged, ¢ = h*/%; both ends flanged, ¢ = h'/3.
The d¢signeriscadtioned that cast butt welding elbows may have considerably heavier walls than those of the pipe with which theya
Large|errorstmay be introduced unless the effect of these greater thicknesses is considered.

Inlarge diameter thin-wall elbows and bends, pressure can significantly affect magnitudes of kand i. Values from the Table may be co
by dijidiug k by

=|length of miter segment at crotch, in. (mm)

=| outside diameter of reducer on large end, in. (mm)

=| outside diameter of reducer on small end, in. (mm)

=| outside diameter, in. (mm)

=| outside diameter of branch, in. (mm)

bend radius of elbow or pipe bend, in. (mm)

=| mean radius of pipe, in. (mm) (matching pipe for tees)

=| external crotch radius of welded-in contour inserts-and welding tees, in. (mm)
=| miter spacing at centerline, in. (mm)

=| crotch thickness of welded-in contour inserts and welding tees, in. (mm)
=| nominal wall thickness of pipe, in. (mm) (matching pipe for tees)

=| reinforcement pad or saddle thickness,\in. (mm)

reducer cone angle, deg

mismatch, in. (mm)

=| one-half angle between adjacént. miter axes, deg

kibility
I'sional
cation

b taken
Ibows,
stic, h,
canbe

e used.

rected

)

and dividing i by

Also includes single miter joints.
If ry 2 D,,/8 and T, = 1.5t,, a flexibility characteristic, h, of 4.4t,/r may be used.
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Table D-1 Flexibility and Stress Intensification Factors (Cont’d)

NOTES

: (Cont'd)

(8) When t,. > 1.5¢t,, h = 4.05¢,/r.
(9) Thestress 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) T

he 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.

(c) For branch 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

rpipe:

(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 largest of T},/2, (T, + y)/2 [shown in Figure D-1, illustrationt (cJT, jor t,n/2.
(f} The outer radius, r; (see Figure D-1), is not less than the larger of
1) 0.0026d,
2) 2(sin 6)* times the offset for the configurations shown in Figure D-1, illustrations (a) and (b)
(g} Rm/tan < 50 and r',,/Ry, < 0.5.

(11) The stress intensification factors apply to girth butt welds between two items for which the wall thicknesseés are between 0.875¢t and 1.10¢t
fpr an axial distance of\/D_gt. D, and tare nominal outside diameter and nominal wall thickness, respectiVely. ', is the average mismatch or

ffset.

(12) Hor welds to socket welded fittings, the stress intensification factor is based on the assumption-that the pipe and fitting arq matched in
dccordance with ASME B16.11 and a full weld is made between the pipe and fitting as shown in Eigure 127.4.4-3. For welds to so¢ket welding
flanges, the stress intensification factor is based on the weld geometry shown in Figure 127.44-2 and has been shown to envelop the results
qf the pipe to socket welded fitting tests. Blending the toe of the fillet weld, with no undercut, smoothly into the pipe wall, as ghown in the
doncave fillet welds in Figure 127.4.4-1, illustrations (b) and (d), has been showmto.improve the fatigue performance of|the weld.

(13) The equation applies only if the following conditions are met:

(a) Cone angle, a, does not exceed 60 deg, and the reducer is concentric.
(b) The larger of D,/t; and D,/t, does not exceed 100.
(c] The wall thickness is not less than t; throughout the body of the reducer, except in and immediately adjacent to the cylindrical pprtion on the

small gnd, where the thickness shall not be less than t,.

(14) 1

actors shown apply to bending; flexibility factor for torsion = 0.9
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Figure D-1 Branch Connection Dimensions

|

Branch pipe
r3
), =< 45 deg /‘/

— Tb -~

-1,

7

s
%

(a)

Tp=t,,+0.667y

— |1ty

/—Branch pipe

Wt

6, = 45 deg
Branch

sy g

(c)

//— Branch _
n
Ly Ly

™~ 6,=90 deg

Offset

\v’z |

RN

R,
(b)

m

Branch

4

) b= Tb

r

p
Fim
ri

\|
N
N T

(d)

D, = outside diameter of branch pipe, in. (mm) r, = outside radius of branch
———+1—=height-of nozde——{mmy reinforeement—ta—{man
ry, I, r3 = transition radii of branch T, = effective thickness of branch
reinforcement, in. (mm) reinforcement, in. (mm)
r'm = 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, i

100

70
60
50 -

Stress Intensification Factor, i, and Flexibility Factor, k

40 |-

30 —

20 —

15 —

o N ow oo
I

S Flexibility factor for elbows
k=1.65/h

Flexibility factor for miters
k=1.52/h%°

Stress intensification factor
i=0.9/h?%3

0.01

0.03

0.04 0.05 0.06 0.08 0.10 0.14 0.2 0.3 04 05 06 0.8 1.0
Characteristic, h

1.4
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Figure D-3 Correction Factor, ¢

1.00 —
0.90 —

0.80
0.70
0.60

One end flanged

[S]
I

Both ends flanged

0.03

0.04 0.05 0.06 0.08 0.10 0.14 0.20 0.30 0.40 %0:50 0.60 0.80
Characteristic, h
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refer te-a-specificeditionofe
showh here. This Appendixis
in this Appendix.

ASME B31.1-2020

MANDATORY APPENDIX F
REFERENCED STANDARDS

Specific editions of standards incorporated in this Code by reference are shown in this Appendix. It is not practical to

(20)

¢ dates are
Iso shown

Amerjican National Standard
7223.]1-2012

API Specifications
5L, 38th Edition, 1990
570, 3rd Edition, 2009

ASCE/SEI Standard
7-16 |Note (1)]

ASMH Codes and Standards

Boilell and Pressure Vessel Code,
latgst edition

A13.142015
B1.1-1989
B1.13M-2001

B1.20|1-1983 (R2001)
(ANSI/ASME B1.20.1)

B1.20|3-1976 (R1998)
(ANSI B1.20.3)

ASME Codes and Standards (Cont’d)

B16.26-2011
B16.34-2017
B16.36-2015
B16.42-1998
B16.47-1996 (1998a)
B16.48-2005
B16.50-2001

B18.2.1-1996 (1999a)

B18.2.2-1987 (R1999)
(ASME/ANSI B18.2.2)

B18.2.3.5M-1979 (R2001)
B18.2.3.6M-1979 (R2001)
B18.2.4.6M-1979 (R1998)
B18.21.1-1999
B18.22M-1981
B1822'1-1965 (R1998)
B18.31.1M-2008 (R2016)
B18.31.2-2014

ASTM Specifications [Note (2)]
A53/A53M-07%

A105/A105M-05
A106,/4106M-10
A125-96 (R07)
A126-04

A134-96 (RO5)
A135/A135M-06
A139/A139M-04
A178/A178M-02
A179/A179M-90a (R05)
A181/A181M-06
A182/A182M-07a
A192/A192M-02
A193/A193M-07
A194/A194M-07a
A197/A197M-00 (R06)

A210/A210M-02
A213/A213M-07a

B16.1}2015 B31.3-2018 A214/A214M-96 (RO5)
B16.1}2005 B31.4-2019 A216/A216M-07
B16.3}1998 B318-2018 A217/A217M-07
B16.442005 B31Ea-2010 A229/A229M-99
B16.512003 B31)-2017 A234/A234M-07
B16.9}2001 B31P-2017 A240/A240M-16
B16.10-2000 B31T-2018 A242/A242M-04
B16.1h-2dE B36.10M-2018 A249/A249M-07
B16.14-1901 B36.19M-2018 A254-97 (R02)

(Cont'd)

B16.15-1985 (R1994)
(ANSI/ASME B16.15)

B16.18-1984 (R1994)
(ANSI B16.18)

B16.20-1998
B16.21-2005
B16.22-2001 (R2005)
B16.24-2001
B16.25-2003

CA-1, latest edition
PCC-3-2017
QAI-1, latest edition
TDP-1-2013

ASTM Specifications [Note (2)]
A36/A36M-05

A47/A47M-99 (R04)
A48/A48M-03
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A268/A268M-05a
A276-06
A278/A278M-01 (RO6)
A283/A283M-00
A285/A285M-03
A299/A299M-04

A307-07b
A312/A312M-13b
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ASTM Specifications [Note (2)] (Cont'd)
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ASTM Specifications [Note (2)] (Cont'd)

ASTM Specifications [Note (2)] (Cont'd)

A320/A320M-07a B32-04 B423-05
A322-07 B42-02 B424-05
A333/A333M-05 B43-98 (R04) B425-99 (R05)
A335/A335M-06 B61-02 B435-06
A336/A336M-07 B62-02 B443-00 (R05)
A350/A350M-04a B68-02 B444-06
A351/A351M-06 B68M-99 (RO5) B446-03 (R08)
A354-07 B75-02 B462-06
A358/A358M-05 B88-03 B463-04
A369/A369M-06 B88M-05 B464-05
A376/A37¢M-06 B466/B466M-07
A377-03 B108-06 B467-88 (R03)
A387/A38TM-06a B111/B111M-04 B468-04
A389/A389M-03 B148-97 B473-07
A395/A395M-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
A426/A426M-07 B166-08 B574-06
A437/A43TM-06 B167-11 B575-06
A449-07b B168-08 B584-06a
A450/A450M-04a B171-04
A451/A45]1M-06 B608-07
A453/A453M-04 B209/B209M-06 B619-06
A479/A479M-11 B210-04 B622-06

B210M-05 B625-05
A515/A515M-03 B221-06 B626-06
A516/A51$M-06 B234-04 B649-06
A530/A530M-04a B234M-04 B673-05 &
A564/A564M-04 B244,/B241M-02 B674-05
A575-96 (R02) B247-02a B675-02
A576-90b [R06) BZ47M-02a B676-03
A587-96 (R05) B251-02 ! B677-05

B251M-97 (R03) B688-96 (R04)
A671-06 B265-07 B690-02 (R07)
A672-06 B280-03 B691-95
A691-98 (R02) B283-06

B704-03

A714-99 (R03) B302-07 B705-05
A789/A789M-17Z 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-11 B367-06 B862-06b !
A965/A965M-12 B381-06a F1476-07 (R2013)
A992/A992M-06a F1548-01 (R2018)
A1091/A1091M-16* B407-04

B408-06 ASTM Standard Test Methods
B26/B26M-05 B409-06 ! D323-06
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ASTM Standard Test Methods (Cont'd)
E94-04

ASME B31.1-2020

AWWA and ANSI/AWWA
Standards (Cont’d)

C304-07

MSS Standard Practices (Cont’d)
SP-58-09

E125-85 (R04) SP-61-13
E186-04 SP-67-11
E280-04 €500-02 SP-68-11
E446-04 €504-06 SP-75-14
€509-01 SP-79-11
AWS Specifications SP-80-13
A3.0-01 €600-05 SP-83-14
D10.10-99 c606-15 SP-88-10
Qc1-q7 SP-93-99 (R04)
EJMA Standards SP-94-92
AWWA and ANSI/AWWA Standards of the EJMA, Inc., 10th Edition 2015 | gp_g5.14
Stapdards SP-97-12
C110/A21.10-08 FCI Standard SP-105-10
C111fA21.11-07 79-1-09 SP-106-12

C115/A21.15-05
C150/A21.50-08
C151/A21.51-02
C153/A21.53-06

C200405
C207407
C208407

C300404
C301407
C302404

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

National Fire Codes and Standafds
NFPA 56-17
NFPA 85-15
NFPA 1963-14

PFI Standards
ES-16-08
ES-24-08

GENERALNOTE: Theissue date shown immediately followingthe hyphen after the number of the standard (e.g., B1.1-1989,A36/A36M-05, SP-6-
12) is fthe effective date of issue (edition) of the standard.B18.2.2-1987 (R1999) designates reaffirmation without change in 1p99.

NOTE}:

(1) The Code incorporates by reference the listed edition of ASCE 7. A different edition of the standard may be required by the authprity having

juripdiction.

(2) For 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

ANSI

API

ASCE

ASME

)

American Institute of Steel ASTM  American Society for Testing and | MSS Manufacturers Standardization
Construction Materials (ASTM International) Society of the Valve and Fittings
130 East Randolph Street, Suite 100 Barr Harbor Drive Industry, Inc.
2000 P.O. Box C700 127 Park Street, NE
hicago, 1L, 60601-6204 West-ConshohoekenPA10428 Vienna, VA 22180-4602
Phone: (312) 670-2400 2959 Phone: (703) 281-6613
Fax: (312) 670-5403 Phone: (610) 832-9585 www.msshq.org
www.aisc.org Fax: (610) 832-9555
NFPA National Fire Protection
www.astm.org -
American National Standards Association
Institute AWS American Welding Society 1 Batterymarch Park
5 West 43rd Street 8669 NW 36 Street, No. 130 Quincy, MA 02169-7471
INew York, NY 10036 Miami, FL 33166 Phone: (617) 770-3000 or ( 00)
Fhone: (212) 642-4900 Phone: (800) 443-9353 yr4-3555
ax: (212) 398-0023 WWW.aws.org Fax: (617) 770-0700
Wwww.ansi.org www.nfpa.org
AWWA  American Water Works ) o )
American Petroleum Institute Association PFI Pipe Fabrication Institute
00 Massachusetts Avenue NW 6666 West Quincy Avenue USA Office: 511 Avenue of tf
. Americas, #601
$uite 1100 Denver, CO 80235
. New York, NY 10011
WWashington, DC 20001-5571 Phone: (303) 794-7711r (800)
926-7337 Canada Office: 655-32nd Avgnue,
Phone: (202) 682-8000 4201
. WWW.awwa.or
\vww.apl.org ¢ Lachine, QC, H8T 3G6
. . - Phone: (514) 634-3434
pmerican Society of Civil EJMA Expansiomjoint Manufacturers 14
Engineers Association, Inc. Fax: (514) 634-9736
801 Alexander Bell Drive 25 (North Broadway www.pfi-institute.org
Reston, VA 20191-4400
Phone: (800) 548-2723 Tarrytown, NY 10591 PPI Plastics Pipe Institute
' _ Phone: (914) 332-0040 105 Decker Court, Suite 825
703) 295-6300 (International) WWWw.ejma.org
Irving, TX 75062
ax: (703) 295-6222
FCI Fluid Controls Institute Phone: (469) 499-1044
fvww.asce.org
1300 Sumner Avenue Fax: (469) 499-1063
'he American Society of Cleveland, OH 44115-2851 www.plasticpipe.org
Mechanical Engineef's Phone: (216) 241-7333
SEI Structural Engineering Instityite of

Two Park Avenue

New York, NY,10016-5990
Phone: (800)°843-2763
Fax: (973)\862-1717

Wwwwasme.org

Fax: (216) 241-0105

www.fluidcontrolsinstitute.org

ASCE
1801 Alexander Bell Drive
Reston, VA 20191-4400
Phone: (800) 548-2723
Fax: (703) 295-6361
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MANDATORY APPENDIX G
NOMENCLATURE

(20)

This Appendix is a compilation of the nomenclature also defined at a convenient location within [the Code.
used within this Code. Included are the term definitions When used elsewhere within the Code,/d¢finitions
and units that can be uniformly applied. These terms are given here shall be understood to apply,

Units | References
Symbol Definition SI uscC Paragraph Table/Figure/Appendix
A Corrosion, erosion, and mechanical allowances mm in. 102.4.5(b) [eqs7(3), Figure 104.3.1-2
(including threading, grooving) (4)]; 104.1:.2(a) [egs. (7),
(8), £9),"10)]
104:31(g)
104.41(b)
104.5.2(b) [eq. (13)]
104.5.3(a)
Aq Area available for reinforcement in run pipe mm? _inf 104.3.1(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?®  in2 104.3.1(d)(2)(-c) Figure 104.3.1-1
104.3.1(g)(6) Figure 104.3.1-2
As Area available for reinforcement by deposited métal mm?® 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 reinforcementiin‘saddle on right —mm? in.2 104.3.1(d)(2)(-c) Figure 104.3.1-1
angle connection
Ag Pressure design area expectédat the end of service life mm?  in.? 104.3.1(d)(2) Figure 104.3.1-1
A, Required reinforcement ‘area mm? in?  104.3.1(d)(2)(-b) Figure 104.3.1-1
A, Cross-sectional mdtexial area of the pipe mm? in?  104.8.1 Figure 104.8-1
104.8.2 Figure 104.8-1
104.8.3 Figure 104.8-1
104.3.1(g)(5) Figure 104.3.1-2
B Length of miter segment at crotch mm in. 104.3.3(a) Table D-1
104.3.3(b)
Subscript referring to branch 104.3.1(d)(2) Figure 104.3.1-1
c Cold=spring factor TT9 101 {eqs- (187, (1971
Cx Size of fillet weld for socket welding components other mm in. Figure 127.4.4-3
than flanges
c Flanged elbow 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
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Units References
Symbol Definition SI usc Paragraph Table/Figure/Appendix
D, Outside diameter of pipe mm in. 102.3.2(a) Table D-1
104.1.2(a) [egs. (7), (9)] Table 104.1.2-1
104.8.1 Figure 104.8-1
104.8.2 Figure 104.8-1
D,p Outside diameter of branch mm in. 104.3.1(d)(2) Figure D-1
104.3.1(d)(2)(-c) Figure 104.3.1-2
104.3.1(¢)
T0Z.3.1(g)(4)
104.3.1(g)(5)
Do Outside diameter of header or run pipe mm in. 104.3.1(d)(2) Figure 104.3,1-2
104.3.1(¢)
104.3.1(g)(4)
104.3.1(g)(5)
d [nside diameter of pipe mm in. 104.1.2(a) [egs. (8), (10)] /Table 104.1.2-1
dy [nside centerline longitudinal direction of the finished mm in. 104.3.1(d) Figure 104.3.1-1
branch opening in the run of the pipe 104.3.1(e)
d, Half width of reinforcement zone mm in. 104.3.1(d)(2) Figure 104.3.1-1
ds Diameter of finished opening mm in. 104.4.2
de [nside or pitch diameter of gasket mm in. 104.5.3(a){eq. (14)] Figure 104.5.3-1
dp Corroded internal diameter of branch pipe mm in. 104.34(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
10473.1(g)(5)
104.3.1(g)(6)
d; [nside diameter of Y-globe valve mm in. Figure 122.1.7-1
dn Nominal inside diameter of pipe mm in. 102.3.2(a)
dr Corroded internal diameter of run mm in. 104.3.1(g)(4) Figure 104.3.1-2
E Weld joint efficiency factor 104.1.2(a) Table 102.4.3-1
Mandatory Appendix 4
Notes and Tables
E Young’s modulus of elasticity (used with subscripts) MPa  psi 119.6.2 Tables C-1 and C-2
119.6.4 Table D-1
119.10.1 [egs. (18), (19)]
F Casting quality factor 104.1.2(a) Mandatory Appendix A
Notes and Tables
Fq Longitudinal force due to sustained loads N Ibf 104.8.1 Figure 104.8-1
Fy Longitudinal force dué\te/occasional loads N Ibf 104.8.2 Figure 104.8-1
F. Longitudinal force due to displacement loads N Ibf 104.8.3 Figure 104.8-1
f Stress range reduction factor 102.3.2(b) [egs. (14), (1B),
(10)]
h Subscript\referring to run or header 104.3.1(d)(2) Figure 104.3.1-1
Figure 104.3.1-2
[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 mm in. 0-8(a)(2) Figure 0-8-1
normal to the inside pressure surface of the 0-8(a)(4) Table 0-9-1
component 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)
I Lorenz equation compensation factor 102.4.5 [egs. (3), (4),
(5), (6)]
I, I, I, In-plane, out-of-plane, and torsional moment indices 104.8.1, 104.8.2 Figure 104.8-1
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Units References
Symbol Definition SI uscC Paragraph Table/Figure/Appendix
iq Axial stress intensification factor 104.8.3 Figure 104.8-1
i, I, i, ir  In-plane, out-of-plane, and torsional stress 104.8.3 Figure 104.8-1
intensification factors
K Factor for reinforcing area 104.3.1(g)(5) Figure 104.3.1-2
k Factor for occasional loads 104.8.2 Figure 104.8-1
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. Figure D-1
Ly Altitude of reinforcing zone outside run pipe mm in. 104.3.1(d)(2) Figure 104.8.1-1
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)
£ 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;s, Mys, In-plane, out-of-plane, and torsional moments for mm-N in.-lb 104.8.1 Figure 104.8-1
My sustained loads
Mg, Mo, In-plane, out-of-plane, and torsional moments due to mm-N in.-lb 104.82 Figure 104.8-1
Mg sustained loads and occasional loads
Mic, My, In-plane, out-of-plane, and torsional moments for mm-N in.-lb .104.8.3 Figure 104.8-1
M, displacement loads
MAWH Maximum allowable working pressure kPa psi 100.2
MSOP Maximum sustained operating pressure kPa pSi1 101.2.2
N Total number of equivalent reference displacement 102.3.2(b) [eq. (2)]
stress range cycles
Ng Number of cycles of reference displacement stress 102.3.2(b) [eq. (2)]
range
N; Number of cycles associated with displacemeént.stress 102.3.2(b) [eq. (2)]
range
NPS Nominal pipe size in. 100.1.2
P Internal design gage pressure of pipe, component kPa psi 102.3.2(a) 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 Figure 104.8-1
122.1.2(a)
122.1.3(a)
122.1.4(a)
122.1.4(b)
122.1.6(b)
122.1.7(c)
122.4(b)
P, Pressure coincident with the occasional load being  kPa psi 104.8.2 Figure 104.8-1
evaluated
q; Ratio of computed stress range other than reference 102.3.2(b) [eq. (2)]
range (S;) 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)
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Units | References
Symbol Definition SI usc Paragraph Table/Figure/Appendix
R Centerline radius of elbow or bend, and effective mm in. 102.4.5(b) Table D-1
“radius” of miter bends 104.3.3(c)(3)(-a) Figure 102.4.5-1
129.3.4.1
R Mean radius after forming mm in. 129.3.4.1
Ry Original mean radius mm in. 129.3.4.1
R Mean radius of run pipe mm in. Figure D-1
Table D-1
r [Mean Tadius of pipe UsSIng nominal wail ¢, T T 10433 Tabie D-1
ri Half width of reinforcement zone mm in. 104.3.1(g)(4) Figure 104.3.1-2
ry, o, 3 [Transition radii of branch reinforcement mm in. Figure D-1
T [nside radius of branch mm in. Figure D-1
r'm Mean radius of branch mm in. Figure B-1
Table D-1
o Radius of curvature of external curved portion mm in. 104.3.1(g)(2) Eigure 104.3.1-2

104.3.1(g)(4)
104.3.1(g)(6)

T'od INormal outside radius of pipe or tube mm in. 129.3.4.1
rp Outside radius of branch reinforcement mm in. Figure D-1
Table D-1
Ty External crotch radius of welded-in contour inserts mm in. Mandatory Appendix I
S Basic material allowable stress MPa  psi 122:4:2(a)
12271.3(b)
122.4(b)(3)
S Basic material allowable stress MPa  ksi 102.3.1(a) Mandatory Appendix 4
Tables 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 Allowable stress range for expansion stress MPa  psi 102.3.2(b) [egs. (1A), (1B),
(10)]
104.8.3 Figure 104.8-1
Sa Bolt design stress at atmospheric temperature kPa psi 104.5.1(a)
Sp Bolt design stress at design temperature kPa psi 104.5.1(a)
S. Basic material allowable stress at minimum (cold) MPa  psi 102.3.2(b) [egs. (14), (1B),
temperature (10)]
Sk Reference displacement stfess Tange MPa  psi 102.3.2(b)
104.8.3 Figure 104.8-1
119.6.4
119.10.1 [eq. (19)]
S¢ Allowable stress for flange material or pipe kPa psi 104.5.1(a)
Sh Basic matefjal allowable stress at maximum (hot) MPa  psi 102.3.2(b) [egs. (14), (1B),
temperature (10)]
104.8.1 Figure 104.8-1
104.8.2 Figure 104.8-1
104.8.3 Figure 104.8-1
119.10.1 [eq. (19)]
Sip Longitudinal pressure stress kPa psi 102.3.2(a)
104.8
SL Longitudinal stress due to pressure, weight, and other MPa  psi 102.3.2(a)(3)
sustained loads
104.8.1 Figure 104.8-1
So Occasional stress due to pressure, weight, sustained MPa  psi 104.8.2 Figure 104.8-1

loads, and occasional loads
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Units | References
Symbol Definition SI usc Paragraph Table/Figure/Appendix
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) Mandatory Appendix A
Tables and Notes
SF Affowable STress (Inciuding casting quality factor) MPa — psi 107 12(a)
SF Allowable stress (including casting quality factor) MPa  ksi 102.3.1(a) Mandatory Appendix A
Tables and‘Nofes
s Miter spacing pipe centerline mm in. Table D-1
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 10431(g)(4) Figure 104.3.1-2
purchase specification, used with or without 1043.1 " ) D-1
subscripts, namely 31(g)(6) tgure L-
T, = thickness of branch 104.8.4(c)
Ty, = 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)(%) Figure 104.3.1-2
104.3.3(g)(6)
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)
104.4.2
104.5.2(b) [eq. (13)]
104.5.3(a) [eq. (14)]
104.5.3(b)
104.8.1 Figure 104.8-1
104.8.4(c)
127.4.8(b)
132.4.2(e)
ti2 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
te Effective branch wall thickness mm in. 104.8.4(c)
tm Minimumrequired thickness of component, including mm in. 104.1.2(a) [egs. (7), (8), Table 102.4.5-1
allowances (A) for mechanical joining, corrosion, (9), (10)] Table 104.1.2-1
etcr (used with subscripts), namely 1043.1(d)(2 Fi 1043.1-1
t,, = minimum thickness of branch 3.1(d)(2) lgure o
t,mn = 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)
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Units References
Symbol Definition SI usc Paragraph Table/Figure/Appendix
ty 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 F¥gure 127.4.8-4
t,~ = nominal thickness of reinforcement Figure 104.8-1
104.8.2 Figure 127.4.8-5
Figure 104.8-1
104.8.4(c) Figure D-1
T27238(b) Tabie D-1
129.3.4.1
132.4.2(e)
tr Thickness of reinforcing pad or saddle mm in. 104.3.1(d)(2) Figure 104,3.11
104.3.1(e) Table D1
ts [Wall thickness of segment or miter mm in. 104.3.3(c)(3)
tw [Weld thickness mm in. 104.3.1(c)(2) Eigure 127.4.8-7
U IAnchor distance (length of straightline joininganchors) m ft 119.7.1(a)(3)
w [Weld strength reduction factor 102.4.5(b) Table 102.4.7-1
102.4.7
104.1.2
Xmin Size of fillet weld for slip-on and socket welding flanges mm in. Figure 127.4.4-2
or socket wall for socket welds
Resultant of movement to be absorbed by pipelines 119241(a)(3) .
y A coefficient having values given in Table 104.1.2-1 104<1.2(a) [egs. (7), Table 104.1.2-1
(8), (9), (10)] Mandatory Appendix 4,
Notes to Tables A-4, A-5,
A-6, A-7, and A-9
y Branch offset dimension mm in. Figure D-1
Z Section modulus of pipe mm®>  in3 104.8.1 Figure 104.8-1
104.8.2 Figure 104.8-1
104.8.3 Figure 104.8-1
a Angle between axes of branch and run deg deg  104.3.1(d)(2) Figure 104.3.1-1
104.3.1(€)
a Reducer cone angle deg deg Table D-1
6 Mismatch or offset mm in. Table D-1
6 Angle of miter cut deg deg  104.3.3 Table D-1
6, Transition angle of branch reinforcement deg deg Figure D-1
2 Equal to or greater than
< Equal to or less than
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MANDATORY APPENDIX H
PREPARATION OF TECHNICAL INQUIRIES

H-1 INTRODUCTION

Th¢ ASME B31 Committee, Code for Pressure Piping,
will donsider written requests for interpretations and
revisjons of the Code rules, and develop new rules if
dictatled by technical development. The Committee’s activ-
ities ip this regard are limited strictly to interpretations of
the ryles or to the consideration of revisions to the present
rules |on the basis of new data or technology. The Intro-
ducti¢n to this Code states “Itis the owner’s responsibility
to defermine which Code Section is applicable to a piping
installation.” The Committee will not respond to inquiries
requgsting assignment of a Code Section to a piping instal-
latior]. As a matter of published policy, ASME does not
apprqve, certify, rate, or endorse any item, construction,
propifietary device, or activity, and, accordingly, inquiries
requifing such consideration will be returned. Moreover,
ASMH does not act as a consultant on specific engineering
problems or on the general application or understanding
of th¢ Code rules. If, based on the inquiry informatien
submifitted, it is the opinion of the Committee thatthe
inquirer should seek professional assistanee, the
inquify will be returned with the recommendation that
such pssistance be obtained.

Inquiries that do not provide the infortnation needed for
the Cpmmittee’s full understandingwill be returned.

H-2 REQUIREMENTS

Inquiries shall be limited, strictly to interpretations of
the ryles or to the consideration of revisions to the present
rules|on the basis of hew data or technology. Inquiries
shall meet the following requirements:

(a) Scope. Involve a single rule or closely(elated rules
inthe scope of the Code. Aninquiry letter eoncerhing unre-
lated subjects will be returned.

(b) Background. State the purpose'of the inquiry, which
may be either to obtain an interpretation of Code rules or
to propose consideration of a revision to the present rules.
Provide concisely the information needed for the Commit-
tee’s understanding of the\inquiry, being sure to include
reference to the applicable Code Section, editfion, para-
graphs, figures, and tables. If illustrations are|provided,
they shall be limited to the scope of the inquiry.

(c) InquiryStructure

(1) Proposed Question(s). The inquiry shall be stated
in a conndensed and precise question format| omitting
supekflilous background information, and, where appro-
priate, composed in such a way that “yes” or “no[ (perhaps
with provisos) would be an acceptable reply. The inquiry
statement should be technically and editorially correct.

(2) Proposed Reply(ies). Provide a propdsed reply
stating what it is believed that the Code reqyires. If in
the inquirer’s opinion, a revision to thg Code is
needed, recommended wording shall be provided in addi-
tion to information justifying the change.

H-3 SUBMITTAL

Inquiries should be submitted in typewrititen form;
however, legible handwritten inquiries will be considered.
They shall include the name and mailing addiless of the
inquirer, and be mailed to the following addré¢ss:

Secretary

ASME B31 Committee

Two Park Avenue

New York, NY 10016-5990
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MANDATORY APPENDIX N
RULES FOR NONMETALLIC PIPING AND PIPING LINED WITH
NONMETALS

FOREWQRD

ASME B31.1 contains rules governing the design, fabri-
cation, materials, erection, test, examination, inspection,
operation, and maintenance of power piping systems.
Experiende in the application of nonmetallic materials
for piping|systems has shown that a number of considera-
tions exidt for the use of these materials that are not
addressed in the body of the Code. To address these,
the requifements and recommendations for the use of
nonmetallic piping (except in paras. 105.3, 108.4, 116,
and 118) have been separately assembled in this Appen-
dix.
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Chapter N-I
Scope and Definitions

N-100 GENERAL

This Appendix provides requirements for the design,

adhesive joint: a bonded joint made using an adhesive on
the surfaces to be joined.

honder: onewho pnrfnrmc 2 manual or semi

utomatic

mate
and 1
pipin
the A
the C
to AS
shall
mate
added

tats, fabrication, erection, teSting, exXanTimation,
nspection of nonmetallic piping and metallic
b lined with nonmetals within the jurisdiction of
SME B31.1 Power Piping Code. All references to
ode or to Code paragraphs in this Appendix are
ME B31.1. In this Appendix, nonmetallic piping
be limited to plastic and elastomer-based piping
Fials, with or without fabric or fibrous material
for pressure reinforcement. Metallic piping lined
with[nonmetals shall be limited to factory-made
plastic-lined ferrous metal pipe, fittings, and flanges
produiced to one of the product standards for plastic-
lined |piping materials listed in Table N-126.1-1.

Stajndards 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 herein.

N-10

N-100.1.1 All applicable requirements of parax100.1
and the limitations of para. 105.3 shall be met in‘addition

.1 Scope

bonding operation.

bonding operator: one who operates a.thachine or auto-

matic bonding equipment.

bonding procedure: the detailed methods and
involved in the production of-a bonded joint.

Bonding Procedure Specification (BPS): the docu
lists the parameters tosbe*used in the const
bonded joints in accordance with the requir
this Code.

butt-and-wrapped-joint: a joint made by applyi
reinforcement saturated with resin to the surf
joined.

practices

ment that
Fuction of
bments of

hg plies of
hces to be

choppéd - roving: a collection of noncontinul
strands gathered without mechanical tw
strand is made up of glass filaments bonded
with a finish or size for application by choppée

ous glass
ist. Each
together
r 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

to thg¢se in this Appendix. ' ate k )
wound into a cylindrical package without mlechanical

N-100.1.2 Use of this Appendix is limited to twist.

(a)| water service. . . . .

(b)| nonflammable and nontoxicliquid, dry material curing agent: a reactive material that, when combined
and Slurry svstems ’ ’ with a resin material, reacts or polymeriz¢s (cross-

Yy sy . . . . . links) with the resin; also referred to as a harfdener.

(c)| other services as specifically listed in section N-122.

(d)| metallic piping lined-with nonmetals. If used in diluent: areactive modifying material, usually a liquid, that
accorjdance with para.'122.9 for conveying corrosive reduces the concentration of a resin material t¢ facilitate
liquids and gases, the’design of the lined piping system handling characteristics and improve wetting.
shall meet the requirements of para. 104.7. electrofusion: a heat fusion joining process whefe the heat

N-100.1.3, Nonmetallic piping systems shall not be source is an integral part of the fitting, such that when
installed ifi-a‘confined space where toxic gases could electric current is applied, heat is produced that melts
be produced and accumulate, either from combustion and joins the plastics.

Of th piping materials ar fram exposure to flaome or f;i'rn ratardan‘f: resin-a cnnrial!y nnmnnundac material

elevated temperatures from fire.

N-100.2 Definitions and Abbreviations

N-100.2.1 Terms and definitions relating to plastic and
other nonmetallic piping materials shall be in accordance
with ASTM D883. The following terms and definitions are
in addition to those provided in ASTM D883:

adhesive: a material designed to join two other component
materials together by surface attachment (bonding).

271

combined with a resin material designed to reduce or
eliminate the tendency to burn.

flexibilizer: amodifyingliquid material added to aresinous
mixture designed to allow the finished component the
ability to be flexed orless rigid and more prone to bending.

grout: a heavily filled paste material used to fill crevices
and transitions between piping components.
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heat fusion joint: a joint made by heating the surfaces to be
joined and pressing them together so they fuse and
become essentially one piece.

hot-gas welded joint: a joint made by simultaneously
heating a filler material and the surfaces to be joined
with a stream of hot air or hot inert gas until the materials
soften, after which the surfaces to be joined are pressed
together and welded with the molten filler material.

hydraulic design basis (HDB):

thixotropic agent: a material added to resin to impart high
static shear strength (viscosity) and low dynamic shear
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 and the helical winding
of the reinforcing filament being wound around a mandrel
to produce a filament-wound, fiber-reinforced thermoset-

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 hydjrostatic strength determined in accordance
with Test|Method D2992.
oplastics: one of a series of established stress
values sp¢gcified in ASTM Test Method D2837 for a plastic
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 estimated maximum
tensile stress in the wall of the pipe in the circumferential
orientation due to internal hydrostatic pressure that can
be appliedl continuously with a high degree of certainty
that failufre of the pipe will not occur. Estimated by
applying a design factor, typically 0.5 for thermoplastics
in water gervice, to the HDB.

liner: a cod
to, orinse
nent, inte
attack, to
strain.

ting or layer of material, constructed as,-applied
ted within the inside surface of a piping éompo-
nded to protect the structure from-chemical
inhibit erosion, or to preventléakage under

seal weld:
welding o

the addition of material(external to a joint, by
r bonding, to enhancé leak tightness.

solvent cd
soften thd
surfaces

one piece

stiffness f

resist de
ASTM D2

ment joint: a joint\using a solvent cement to

surfaces to be joined, after which the joining
re pressed together and become essentially
as the selvent evaporates.

ictorsthe measurement of a pipe’s ability to
flection, as determined in accordance with
112,

ting resin pipe.

woven roving: a heavy glass fiber fabric reinforcing mate-

rial made by the weaving of glass fiber roving.

N-100.2.2 Abbreviations. Abbreviations used i
Appendix denote materials and terms as follows:

Abbreviation Term
ABS [Note (1)] Acrylonitgile-butadiene-styrene
AP Polyacetal
CP Chlorihated polyether
CPVC [Note (1)] Chlorinated poly(vinyl chloride)
DS Design stress
FEP [Note (1)} Perfluoro(ethylene propylene)
HDB Hydrostatic design basis
HDPE High density polyethylene
HDS Hydrostatic design stress
PA\[Note (1)] Polyamide (nylon)
PB Polybutylene
PE [Note (1)] Polyethylene
PFA Poly(perfluoroalkoxy)
POP Poly(phenylene oxide)
PP [Note (1)] Polypropylene
PP-R Polypropylene (random)
PPS Polyphenylene
PR Pressure rated

PTFE [Note (1)]
PVC [Note (1)]

Polytetrafluoroethylene
Poly(vinyl chloride)

PVDC Poly(vinylidene chloride)

PVDF Poly(vinylidene fluoride)

RTR Reinforced thermosetting resin

SDR Standard dimension ratio

SIDR Standard inside diameter dimension rdtio

272

NOTE:- (1) A]«kvnn"na'sﬂ iﬂ aSESFdHHEE “q'th 45 Pq ); 6‘
™NOTE O PTe VIR

h this (20)


https://asmenormdoc.com/api2/?name=ASME B31.1 2020.pdf

ASME B31.1-2020

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

/ Ay
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, djiesign pressure is based on the maximum
sustaine

gperating pressure, in accordance with

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
turé.gradient through the component w
Table N-102.2.1-1, Note (2) describes how this is ¢
ered in determining allowable stresses for nonm
materials.

Wall.
e low
pera-
alls.
nsid-
ptallic

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 componen

os for
wable
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 with the
standards listed in Table N-126.1-1. Other components

pure—

para. 101.2.2, with an allowance for occasional operation
above design pressure, in accordance with para. 102.2.4.
For nonmetallic piping, allowances for variations of pres-
sure, temperature, or both above design conditions are not
permitted. It is the designer’s responsibility to identify
probable occasional loads and to consider them in deter-
mining design pressure. See para. N-102.2.4(a).
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may be used in accordance with para. N-102.3. The
ratings of Tables N-102.2.1-1 through N-102.2.1-3 are
the limiting values for allowable stresses at temperature
in this Appendix.

(b) The application of pressures exceeding the pres-
sure-temperature ratings of valves and other standard
components is not permitted. Valves shall be selected
for operation within the limits defined in para. N-102.2.4.
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Table N-102.2.1-1 Hydrostatic Design Stresses (HDS) and Recommended Temperature Limits
for Thermoplastic Piping Components

U.S. Customary Units

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
D284 G441t CPYVE4126 © 260 46 26 6 165 0.5
F44p
D2513, F2145 PA32312 -20 180 2.5 1.25 1.1 0.8 0.63
D2104, D2239, PE2708 -30 140 1.60 0.80 064 0.4
D2447, D2513,  pg3608 -30 140 1.60 0.80 0'64 0.4
D2737, D3035
PE3708 -30 140 1.60 0.80 0.64 0.4
PE3710 -30 140 1.60 1.00 0.80 0.5
PE4708 -30 140 1.60 080 0.64 0.4
PE4710 -30 140 1.60 1.00 0.80 0.5
POP2125 [Note (8)] 30 210
PP [Note (8)] 30 210
D178Y, D2241, PVC1120 0 100 4.0 2.0 1.2
2518, D2672  pyc1220 0 100 4.0 2.0 1.2
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 [Note (8)] 40 160
F491 PVDF [Note/(8)] 0 275
SI Units
Recommended
Temperature Limits
[Notes (1), (2), (3)] Hydrostatic Design Stress, S,, MPa [Note (6)], at
Minimum, Maximum, Hydrostatic
ASTM °C °C Design Basis, 23°C
Spec. No, Material [Note (4)] [Note (5)] MPa, at 23°C [Note (7)] 38°C 60°C 82°C
D2844, F441, CPVC 4120 -18 93 27.6 13.8 11.0 7.2 34
F442
D2513, F2145 PA32312 -29 82 17.2 8.6 7.6 5.5 4.3
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Table N-102.2.1-1 Hydrostatic Design Stresses (HDS) and Recommended Temperature Limits
for Thermoplastic Piping Components (Cont’d)

SI Units
Recommended
Temperature Limits
[Notes (1), (2), (3)] Hydrostatic Design Stress, S,, MPa [Note (6)], at
Minimum, Maximum, Hydrostatic
ASTM °C °C Design Basis, 23°C
Spec. No. Material [Note (4)] [Note (5)] MPa, at 23°C [Note (7)] 38°C 60°C 82°C
D2104, D2239; PE2768 34 66 116 55 4 28
D2447, 02513, pg3608 -34 60 11.0 5.5 4.4 2.8
D2737, 03035
PE3708 -34 60 11.0 5.5 44 2.8
PE3710 -34 60 11.0 6.9 5.5 3.4
PE4708 -34 60 11.0 5.5 4.4 2.8
PE4710 -34 60 11.0 6.9 5.5 3.4
POP2125 [Note (8)] -1 99
PP [Note (8)] -1 99
F2389 PP-R -4 210 1.26 0.63 0.5 0.3 D.2
D1785, D2241, PVC1120 -18 38 27.6 13.8 8.3
D2513, 02672 pyc1220 -18 38 27.6 13.8 8.3
PVC2110 -18 38 13.8 6.9 4.1
pPvC2112 -18 38 17.2 8.6 5.5
PVC2116 -18 38 22.0 11.0 6.9
PVC2120 -18 38 27.6 13.8 8.3

F599 PVDC [Note (8)] 5 71

F491 PVDF [Note (8)] -18 135

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. In conservative practice, the upper temperature limits may be reduced at higher pressures depending on the required
service pnd expected life. Lower temperattre limits are affected more by the environment, safeguarding, and installation conditions than by
strength.

(2) Becaus¢ of low thermal conductivity, temperature gradients through the piping component wall may be substantial. Tabulated limitp 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) Minimym for installation.

(5) Maximym for opefation.

(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
manufafcturerfor recommended design factors.

(7) Use these HDS values at all lower temperatures

(8) Nonpressure-boundary materials used primarily as liners. No established HDS.
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Table N-102.2.1-2 Design Stresses (DS) and Recommended Temperature Limits
for Laminated Reinforced Thermosetting Resin Piping Components

U.S. Customary Units

Recommended Temperature

e Design
Limits [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 fiber -20 180
C582 11 Epoxy Glass fiber -20 180 Yo-16 0.9
Vi 1.2
% 1.39
34 and over 1.5
SI Units
Recoml.ne.nded Temperature Design
Limits [Note (1)] Stress,|S,,
ASTM Minimum, Maximum, MPa
Sped. No.  Type Resin Reinforcing °C °C Thickness, mm [Note (2)]
€582 I Polyester Glass fiber -29 82 All 6.2
Furan Carbon -29 82
Furan Glass fiber -29 82
C582 11 Epoxy Glass fiber -29 82 3-5 6.2
6 8.3
8 9.3
9.5 and over 10.3
NOTEY:

(1) THeserecommended limits are for low-pressure applications with water and other fluids that do not significantly affect the proyerties of the
thprmoplastic material. In conservative practice, the upper temperature limits may be reduced at higher pressures, deperjding on the
refuired service and expected life. Lower temperaturélimits are affected more by the environment, safeguarding, and installatioh conditions

thhn by strength.

(2) THe DSvaluesare based on a design factor of 0.1'applied to the tested tensile strength of the pipe wall material, and are applicable only in the

teperature range of —20°F through 180°F (-29°C through 82°C).

N-102.2.2 Components Not-Having Specific Ratings

(a)| Pipe and other pipinglcomponents for which allow-
able s$tresses 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,
withipn the rauge of temperatures for which stresses
are liptedin:Tables N-102.2.1-1 through N-102.2.1-3.

(b)| Ripe-and other piping components that do not have

pressure and temperature shall not exceed [the pres-
sure-temperature rating for the particular component
and material as defined in the applicable spégcification
or standard listed in Table N-126.1-1. Foit metallic
piping with nonmetallic lining, the ruleq of para.
102.2.3 apply, provided that the suitability of|the lining
material for the maximum anticipated c¢incident
temperature and pressure conditions has bgen estab-
lished through prior successful extensive experience or
tests.

allowable-stresses-er-pressure—temperatureratings-shall
5

be qualified for pressure design as required in

para. N-104.7.

N-102.2.3 Ratings: Normal Operating Condition. A
nonmetallic piping system shall be considered safe for
operation if the maximum anticipated coincident
temperature and pressure that may act on any part or
component of the system does not exceed the
maximum pressure and temperature allowed by this
Code for that particular part or component. The design
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N-102.2.4 Allowances for Pressure and Temperature
Variations

(a) Nonmetallic Piping. Allowances for variations of
pressure, temperature, or both above design conditions
are not permitted. The most severe conditions of coinci-
dent pressure and temperature shall be used to determine
the design conditions.
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(20) Table N-102.2.1-3 Hydrostatic Design Basis (HDB) for Machine-Made Reinforced Thermosetting Resin Pipe

U.S. Customary Units

HDB Stress, S [Note (1)],

ASTM Material at 73°F [Note (2)]
Spec. No. and Designation Cyclic, ksi Static, ksi
Type Grade Class ASTM D2310 [Note (3)] [Note (4)]
D2517 filament wound Glass fiber No liner RTRP-11AD 5.0
reinforced epoxy RTRP-11AW 16.0
resin
D2996 filamhent wound Glass fiber No liner RTRP-11AD 5.0 ).
reinforced epoxy RTRP-11AW 16l0
resin
Epoxy resin liner, RTRP-11FE 6.3
reinforced RTRP-11FD 5.0
Glass fiber Polyester resin liner, RTRP-12EC 4.0
reinforced polyester reinforced RTRP-12ED 5.0 .
resin
RTRP-12EU 1215
No liner RTRP-12AD 5.0 "
RTRP-12AU 12|5
D2997 centrifugally cast Glass fiber Polyester resin linér; RTRP-22BT 10{0
reinforced polyester nonreinforced RTRP-22BU 12l5
resin
Epoxy resin\liner, RTRP-21CT 10{0
nonreinforced RTRP-21CU 12|5
SI Units
HDB Stress, S. [Note| (1)],
hSTM Material at 23°C [Note (2]]
Spe¢. No. and Designation Cyclic, MPa  Static] MPa
Type Grade Class ASTM D2310 [Note (3)] [Note] (4)]
D2517 filamhent wound Glass fiber No liner RTRP-11AD 34.5 Ny
reinforced epoxy RTRP-11AW 110.3
resin
D2996 filamhent wound Glass fiber; No liner RTRP-11AD 34.5 Ny
reinforced epoxy RTRP-11AW 110.3
resin
Epoxy resin liner, RTRP-11FE 43.4
reinforced RTRP-11FD 345
Glass fiber Polyester resin liner, RTRP-12EC 27.6
reinforced polyester reinforced RTRP-12ED 345
resin
RTRP-12EU 86.2
No liner RTRP-12AD 34.5
RTRP-12AU 86.2
D2997 centrifugally cast Glass fiber Polyester resin liner, RTRP-22BT 68.9
reinforced polyester nonreinforced RTRP-22BU 86.2
resin
Epoxy resin liner, RTRP-21CT 68.9
nonreinforced RTRP-21CU 86.2
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Table N-102.2.1-3 Hydrostatic Design Basis (HDB) for Machine-Made Reinforced Thermosetting Resin Pipe (Cont’d)

NOTES:

(1) A service (design) factor must be applied to the HDB values to obtain the HDS.

(2) These HDB values apply only at 73°F (23°C). The standards covered in this Table only require testing at 73°F (23°C), using ASTM D2992 test
procedures. ASTM D2992 makes provision for testing at higher temperatures, and manufacturers also usually test to higher temperatures. It
is the designer’s responsibility to verify that the manufacturer has test data covering the design temperature for the application, and that
pressure-temperature ratings provided by the manufacturer reflect the service factor selected by the designer for the application.

(3) When using the cyclic design basis, the service factor shall not exceed 1.0.

(4) When using the static design basis, the service factor shall not exceed 0.5.

(b)| Metallic Piping Lined With Nonmetals. Allowances
for pressure and temperature variations provided in
para.|102.2.4 are permitted only if the suitability of the
lining material for the increased conditions is established
through prior successful extensive experience or tests
under comparable conditions.

N-102.2.5 Ratings at Transitions. Where two services
that ¢perate at different pressure-temperature condi-
tions pre connected, the valve segregating the two services
shall be rated for the most severe service conditions. Other
requifements of para. 102.2.5 must be considered where
appli¢able.

N-10R.3 Allowable Stresses and Other Limits
N-102.3.1 Allowable Stress Values

(a)| General. Tables N-102.2.1-1 through N-102.2.1-3
list recommended maximum allowable stresses in the
form [of hydrostatic design stresses (HDS), allowaple
desigh stresses (DS), and the hydrostatic design basis
(HDB) that may be used in design calculatiohs except
wherp modified by other provisions of this Appendix.
The yse of HDS for calculations other 'than pressure
desigh hasnotbeen established. The basisfor determining
allowpble stresses and pressures-is-outlined in (b). The
allowpble stresses are grouped by materials and listed
for stated temperatures. Where sufficient data have
been|provided, straight-lime interpolation between
temppratures is permissible. The materials listed are
availdble from one‘r-more manufacturers, and some
manyfacturers may publish somewhat different HDS
valugs for the'materials from the values listed in
Tablgs N-102:271-1 through N-102.2.1-3. The manufac-
turer]s published values for these materials are acceptable
for uge where they have been established in accordance

(2) Reinforced Thermosetting Resin (Laminated). For
laminated piping components, the désign stfesses are
listed in Table N-102.2.1-2. These 'typically are based
on one-tenth of the minimum tensile strengthg specified
in Table 1 of ASTM C582.

(3) Reinforced Thermasetting Resin (Filam¢nt Wound
and Centrifugally Cast). Ferfilament-wound and|centrifug-
ally cast piping compdrents, HDB values ar¢ 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 application, in accordance with prjocedures
described in ASTM D2992, within the following limits:

(*a) When using the cyclic HDB from| Table N-
10222.1-3, the service (design) factor shall not gxceed 1.0.

(-b) When using the static HDB from
Table N-102.2.1-3, the service (design) factoy shall not
exceed 0.5.

(-c) The evaluation of stresses in filamgnt-wound
reinforced thermosetting resin pipe and fittilg compo-
nents must consider the different strengths in the
hoop and axial directions of the material. Foif a 55-deg
filament-winding angle (which is typical for|filament-
wound pipe), the axial strength is approximately one-
half of the hoop strength of the material. FQr greater
winding angles, the axial strength will be eylen lower.
Figure N-102.3.1-1 shows a typical axial|strength
versus hoop strength diagram for a filament-wound mate-
rial. The data points for the axial strength at gero hoop
stress and the axial strength at the maximjum hoop
stress will need to be provided by the venddr for his/
her specific product, since no generic allowaple stress
diagrams currently exist. Note that for most|filament-
wound fiberglass products, the portion of the|allowable
axial stress available for weight, thermal expansion, and

with (b) and verified in accordance with para. N-104.7.
(b) Basis for Allowable Stresses for Internal Pressure

(1) Thermoplastics. A method of determining HDB
and pressure rating (PR) is described in ASTM D2837,
which also describes application of a design factor to
the HDB to determine HDS and PR. Hydrostatic design
stresses are provided in Table N-102.2.1-1, based on
HDB values listed in PPI TR-4 and design factors for
water from PPI TR-9. Design factors for other services
are also given in PPI TR-9.

occasional toads willapproacit zero as the noop stress
approaches 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 hoop stresses at each point in the piping
system, and take into account any hoop stress, stress

! The service (design) factor, F, should be selected by the designer after
evaluating fully the service conditions and the engineering properties of
the specific material under consideration. Aside from the limits in
paras. N-102.3.1(b)(3)(-a) and N-102.3.1(b)(3)(-b), it is not the
intent of this Code to specify service (design) factors.
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Figure N-102.3.1-1 Typical Allowable Stress Curve for Filament-Wound Reinforced Thermosetting Resin Pipe

stress curve
from vendor

Typical allowable

Portion of axial stress
allowable limit that may

Axial Sfress

Lirve of hoop ~—|
tress versus

be used for bending
stresses due to weight;
thermal expansion, and
occasional loads

Axial stress due to

hxial stress due

/ internal pressure

1

o internal

pressure

for given
hoop-stress value

Hoop 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 gxial and hoop strengths of filament-wound rein-
forced thgrmosetting resin pipe and fitting components,

(4)-Where other nonmetallic piping is intend

bd for

use uhder conditions of external loading due to

nder-
ground installation, it shall be subject to a crushlzl:g or
three-edge bearing test, in accordance with ASTNI C14

or ASTM C301, and the allowable load shall be 2

5% of

the mininhum wall thickness required for the pipe and the minimum value obtained. The limits of calcylated
fitting components may be governed by the axial strength stresses due to external loading in aboveground ingtalla-
requirements, rather than just by hoop strength-consid- tions shall be qualified in accordance with para. N-104.7.2.
erations.
N-102.3.3 Limits of Calculated Stresses Due to Dcca-

N-102.8.2 Limits of Calculated-Stresses Due to  sional Loads
Sustained Loads (a) Operation. The sum of the stresses in any cqmpo-

(a) Intdrnal Pressure Stresses,\The limits for stress due nent in a piping system due to sustained loads, sych as
to interndl pressure are provided in para. N-104.1.2. pressure and weight, and of the stresses produced byjocca-

(b) Extprnal Pressure Stresses. Thermoplastic piping, sional loads, such as wind or earthquake, shall not ekceed
reinforced thermosetting resin piping, and metallic the limits in the applicable part of para. N-102.3.2.[Wind
piping lin¢d with nonmetals, subject to external pressure, and earthquake forces need not be considered as jcting
shall be cpnsidered safe when the wall thickness and/or concurrently. (For nonmetallic piping, anticipated|tran-
means df stiffening meet the requirements of sient pressure and temperature variations are not cgnsid-
para. N-104;7.2 ered occasional loads.)

(c) Extérnattoading-Stresses—Pesighofpipingunder {b}—TFest-Stressesdue-to-testeonditionsare-notstibject

external loading shall be based on the following:

(1) For thermoplastic piping, see ASTM D2774 and
AWWA M23.

(2) Forreinforced thermosetting resin (RTR) piping,
see ASTM D3839 and AWWA M45.

(3) The allowable deflection for RTR and thermo-
plastic pipe shall be not more than 5% of the pipe
inside diameter.

280

to the limitations in (a). It is not necessary to consider
other occasional loads, e.g., wind and earthquake, as
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.
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(b) Mechanical Strength. When necessary, pipe wall
thicknesses shall be increased to prevent overstress,
damage, collapse, or buckling due to superimposed
loads from supports, ice formation, backfill, or other
causes. Where increasing thickness will cause excessive
local stress or is otherwise impractical, the required
strength may be obtained through the use of additional

(2) For reinforced thermosetting resin (laminated)
D

28,/P + 1

(3) For reinforced thermosetting resin (filament
wound and centrifugally cast)

. . D
supports, braces, or other means without an increased = “4)
wall thickness. Particular consideration should be 2SF/P + 1
given—te—the-mechanical strength-efa—small branech
conngcted to large piping or to equipment. where
D = outside diameter of pipe, in. (mnd)
F = service design factor in accoerdapce with
PART 2 para. N-102.3.1(b)(3)
PRESSURE DESIGN OF PIPING COMPONENTS P = internal design gage pressuyre, psig [kPa (gage)]
S, = hydrostatic design stressfrom Table N}102.2.1-1
N-10B CRITERIA FOR PRESSURE DESIGN Sb = design stress from/Table N-102.2.1-2
S. = hydrostatic design\basis from Table N}102.2.1-3
Th¢ design of piping components shall consider the
effects of pressure, temperature, and other factors in (4) Metallic Pipé-Lined With Nonmetals, Pressure
accordance with paras. N-102.2 and N-104.1 through  limitations shall hethose established by the manjufacturer,

N-10{.7, and provide for allowances in accordance
with |para. N-102.4. In addition, the design shall be
checked for adequacy of mechanical strength under
other applicable loadings as required in paras.
N-102.3.2 and N-102.3.3.

N-IOE PRESSURE DESIGN OF COMPONENTS
N-104.1 Straight Pipe

N-104.1.1 The required minimum wall thickness of
straight sections of pipe, t,,, shall be determined-as

=1 + ¢ (1)

considering bath pressure and temperature limjitations of
the metal-housings and sealing ability of thle liner at
flanged+joints. In addition, the metallic pipe ghall meet
the requirements of the mandatory sectiond of ASME
B34.1; including the pressure design requir¢ments of
Ghapter II.

(b) The internal pressure design thickness,
and (a)(2) shall notinclude any thickness of pip¢g
forced with less than 30% (by weight) of r¢
fibers, or added liner thickness.

,in (a)(1)
wall rein-
inforcing

N-104.1.3 Straight Pipe Under External Pressure

(a) Thermoplastic Pipe. The external pressyre design
where thickness shall be qualified as required by pargd. N-104.7.
¢ [= the sum of the mechanical allowances (thread or (b) Reinforced Thermosetting Resin Pipe. For deter-
groove depth), plus erosiéon and/or corrosion mining design pressure thickness for stralight pipe
allowance, and the manufacturer’s minus toler- under external pressure, the procedures ojltlined in
ance for product wallthickness, in. For threaded ASTM D2924 shall be followed. A safety fagtor of at
components, thé\nominal thread depth shall least 4 shall be used.
apply. Foraneéchanical surfaces or grooves (c) Metallic Pipe Lined With Nonmetals
where a télérance is not specified, the tolerance (1) The external pressure design thickngss for the
shall besassumed to be 0.02 in. (0.5 mm) in addi- base (outer) material shall be determined in agcordance
tion totthe specified depth of the thread or groove. with para. 104.1.3.

t [= pressure design thickness, in., as calculated in (2) The external pressure design thicknes$, ¢, for the
para. N-104.1.2 for internal pressure, or in accor- lining material shall be qualified as reguired by
dance with para. N=104-1-3 forextermal pressure para. N-10%4.7-

tm = minimum required thickness, in. (mm)
N-104.2 Curved and Mitered Segments of Pipe
N-104.1.2 Straight Pipe Under Internal Pressure

(a) The internal pressure design thickness, t, shall be
not less than that calculated with the following equations:
(1) For thermoplastic pipe
D

= ———— 2
25,/P +1
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(a) Pipe Bends. The minimum required thickness, t,,, of
a pipe bend after bending shall be determined as for
straight pipe in accordance with para. N-104.1.

(b) Elbows. Manufactured elbows not in accordance
with para. N-102.2.1 shall meet the requirements of
para. N-104.7.
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(c) Mitered Bends. Mitered bend sections shall meet the
requirements of para. N-104.7.

N-104.3 Intersections
N-104.3.1 Branch Connections

(a) General. A pipe having a branch connection is
weakened by the opening that must be made in it.
Unless the wall thickness of the pipe is sufficiently in
excess of that required to sustain the pressure, it is nec-

nomenclature shall be as defined in ASME BPVC, except
the following:
P = design gage pressure
S, = bolt design stress at atmospheric temperature
(bolt design stresses shall not exceed those in
Mandatory Appendix A)
S, = bolt design stress at design temperature (bolt
design stresses shall not exceed those in
Mandatory Appendix A)

essary to |provide added reinforcement. The amount of
reinforcement required shall be in accordance with the
requiremients of para. N-104.7 except as provided in
(b) and (¢).

(b) Brdnch Connections Using Fittings. Abranch connec-
tion shallf be considered to have adequate strength to
sustain the internal and external pressure that will be
applied tq it if a fitting (at tee, lateral, or cross) is used
in 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 gonnection subjected only to internal or external
pressure. [The designer shall also consider the following:

(1) Hxternal 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.

(2) Adequate flexibility shall be provided in branch
piping to pccommodate movements of the run piping.

(3) Ribs, gussets, or clamps may be used for pres:
sure-strergthening a branch connection in lieu of.there-
inforcementrequired by (a) ifthe adequacy of thedesign is
established in accordance with para. N-104.7.

N-104.4 |Closures

Closurgs in piping systems, e.gs those provided for
temporaty or future lateral or\end-point branches,
shall be made using fittingsflanges, or parts listed in
Table N-126.1-1 or designedin accordance with paras.
N-104.3, N-104.5, and N<104.7.

N-104.5 |Pressure Design of Flanges

(a) Gerleral

(1) Nonmetallic flanges that are rated in accordance
with published- ASTM-standardslistedinTable N-1261-1

S-—= aHoewable—stress—forflapnse—smaterialfrom
=4 arro-WaBre—StFe-sSs—ter—rrahge—ateriar

Tables N-102.2.1-1 through N-102.2.1-3

(3) The flange design rules in (2) are not appljcable
for designs employing full face gaskets that'extend b¢yond
the bolts. The forces and reactions in.such a joint |differ
from those joints employing ring-type gaskets, and the
flanges should be designed incsaccordance with ASME
BPVC, Section VIII, Division‘“t;\Nonmandatory Appendix
Y. (Note that the plastic-flange sealing surface mpy be
more irregular thankthe sealing surface of a|steel
flange. For this reason, thicker and softer gasket§ may
be required for plastic flanges.)

(b) Blind Flanges. Blind flanges shall be in accorflance
with para. 108 or, alternatively, may be designed in gccor-
dance with/para. 104.5.2, except that the alloyable
stressés)for nonmetallic components shall be faken
from>the data in Tables N-102.2.1-1 thrpugh
N=1'02.2.1-3. 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-102.2.9 shall
meet the requirements of para. N-104.7.

N-104.7 Design of Other Components

N-104.7.1 Listed Components. Pressure-retdining
components manufactured in accordance with standards
listed in Table N-126.1-1 may be used in accordanc¢ with
para. N-102.2.1.

N-104.7.2 Unlisted Components and Product$. For
nonmetallic pressure-retaining components and piping
products not complying with the standards and spefgifica-
tionslisted in Table N-126.1-1, and for proprietary cqmpo-
nents and joints for which the rules in paras. N-103
through N-104.6 do not apply, pressure design shpll be

shall be considered suitable for use within the limitations
specified in this Appendix. Alternatively, flanges shall be in
accordance with para. 103 or may be designed in confor-
mance with the requirements of this paragraph or para.
N-104.7.

(2) Flanges for use with ring-type gaskets may be
designed in accordance with ASME BPVC, Section VIII,
Division 1, Mandatory Appendix 2, except that the allow-
able stresses for nonmetallic components shall govern. All

based on calculations consistent with the design criteria
of this Appendix and the Code. This must be substantiated
by one or more of the following, with consideration given
to applicable dynamic effects, e.g., vibration and cyclic
operation, the effects of thermal expansion or contraction,
and the load effects of impact and thermal shock:

(a) extensive successful service experience under
comparable design conditions with similarly propor-
tioned components or piping elements made of the
same or like material
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(b) performance tests under design conditions,
including applicable dynamic and creep effects, continued
for a time period sufficient to determine the acceptability
of the component or piping element for its design life

For either (a) or (b), reasonable interpolations between
sizes and pressure classes, and reasonable analogies
among related materials, are permitted.

PART 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 considera-
tion to joint tightness and mechanical strength under
those conditions (including external loadings), the mate-

N-106 PIPE

ficati

PART 3 rials of construction the nature ofthe flnid service, and the
SELECTION OF PIPING COMPONENTS limitations of paras. N-111 through N-118.
N-111 BONDED JOINTS
Piple and tube conforming to the standards and speci- N-111.1 General Limitations
ns listed in Table N-126.1-1 shall be used within the o ) o
Unless limited elsewhere in‘para. N-111, join{s made by

impo

tions of para. N-124 and within any limitations
ed by the applicable standards themselves.

N-IOE FITTINGS
N-106.1 Listed Fittings
Fity
speci
withi
impo
speci
impo

ings made in accordance with the standards and
fications listed in Table N-126.1-1 shall be used
h the limitations of para. N-124, within limitations
bed by this Appendix or the body of this Code for
ic service or application, and within any limitations
ed by the applicable standards themselves.

N-106.2 Unlisted Fittings

Fittings not covered by the standards listed in
Tablg N-126.1-1 may be used if they conform to para.
N-104.7.

N-10
N-10

Valves conforming to the(stanidards and specifications

7 VALVES
7.1 Listed Valves

bonding in accordance with¢ara. N-127 and examined in
accordance with para. N=136.4 may be used within other
limitations on materials’and piping components in this
Appendix.

N-111.2 Specific Limitations

N-111.2¢1 Hot-Gas Welded Joints. Hot-gg
joints shall not be used for ASME B31.1 nonmef
sure 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 angl external
loadings.

s welded
allic pres-

N-112 FLANGED JOINTS: GENERAL LIMITATIONS

Unless limited elsewhere in para. N-112, flan
may be used, considering the requirements for
in Chapter N-III and for piping components in
Chapter N-II, within the following limitations:

(a) Joints With Flanges of Different Ratings. Where
flanges of different ratings are bolted togg¢ther, the

ged joints
materials
Part 3 of

listed|in Table N-126.1-1,shall be used within the specified  rating of the joint shall be that of the loWer-rated
presgure-temperature ratings. Metallic valves  flange. Bolting torque shall be limited so that|excessive
confagrming to the-standards and specifications listed loads will not be imposed on the lower-rated flange in
in Taple 126.1-1)\and used in nonmetallic piping, shall obtaining a tight joint.

be uged within the specified pressure-temperature (b) Metallic-to-Nonmetallic Flanged Join{s. Where
ratings. metallic and nonmetallic flanges are to be jolned, both
N-1072 Untsted Vatves i et e Ful e gl re e,

uuuuuuuu saskets-are-notused—belt e

Valves not complying with para. N-107.1 shall be of a
design, or equal to the design, that the manufacturer
recommends for the service and that conforms with
para. N-104.7.2.
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RE-toret
limited so that the nonmetallic flange is not overloaded.

N-113 EXPANDED OR ROLLED JOINTS

Expanded or rolled joints are not permitted in nonme-
tallic piping systems.
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N-114 THREADED JOINTS

N-114.1 General Limitations

N-114.1.1 Threaded joints may be used within the re-
quirements for materials in Chapter N-III and on piping
componentsin Part 3 of Chapter N-II within the limitations
below.

N-114.1.2 Threaded joints shall be avoided in any
service where severe erosion or cyclic loading may

N-115 FLARED LINING JOINTS FOR METALLIC
PIPING LINED WITH NONMETALS

The following apply:

(a) Welding. Welding is not permitted on lined compo-
nentsin the field. Welding performed by the manufacturer
to produce pipe, fittings, and flanges to be used for joints in
elastomeric-lined piping systems shall be performed so as
to maintain the continuity of the lining and its service-
ability.

occur, unfess the joint has been specifically designed
for these fonditions.

N-114.]
seal weld

.3 Where threaded joints are designed to be
bd, thread-sealing compound shall not be used.

N-114.1.4 Layout of piping should minimize reaction
loads on fhreaded joints, giving special consideration to
stresses due to thermal expansion or contraction and the
operation| of valves.

N-114.
nonmetal
NPS 2%,

.5 Metallic-to-nonmetallic and dissimilar
ic threaded joints are not permitted in piping
DN 65) and larger.

N-114.2

N-114.2.1 Thermoplastic Piping. Threaded joints in
thermoplgstic piping shall conform to the following re-
quirement s:

(a) Thgpipe wall shall be atleast Schedule 80 thickness.

(b) Pipg threads shall conform to ASME B1.20.1 NPT.
Threaded|fittings shall be compatible with that standard;

(c) A spitable thread lubricant and sealant shall:be
specified.

(d) Thijeaded piping joints are not permitted-ih poly-
olefin materials,? because of creep characteristics that
must be qonsidered.

(e) For|PVC piping, the allowable priessure for threaded
piping shall be no more than 50% (of that for unthreaded
piping of the same wall thicknéss)and material grade.

N-114.2.2 Thermosetting.Resin Piping. Threaded
joints in thermosetting{pesin piping shall conform to
the following requirements:

(a) Thieads shall be factory cut or molded on pipe ends
and in malching fittihgs, with allowance for thread depth
in accordgnc€with para. N-104.1.1.

(b) Thijeading of plain ends of piping is not permitted,

Specific Limitations

(b) Flared Linings
(1) General. Flared ends of linings madé in 4
dance with the rules in this paragraph may be
subject to material limitations.
(2) Specific Requirements. Flaring'shall be limi
applications that do not affect the)serviceability
lining.

ccor-
used,

ted to
bf the

N-116 BELL END JOINTS
Paragraph 116 applies.

N-118 PROPRIETARY JOINTS

Metal coupling, mechanical, gland, and other pr¢prie-
tary jointsmay be used within the limitations on materials
in Part@ of this Chapter.

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 fiping
strain imposed by the restraint of thermal expajsion
or contraction, and by external movements, apl‘:)‘:res in
principle to nonmetals. Nevertheless, the assumiption
that stresses can be predicted from these straing in a
nonmetallic piping system, based on the linear dlastic
characteristics of the material, is generally not palid.
The variation in elastic characteristics between otherwise
similar material types, between source manufactprers,
and between batch lots of the same source magerial
can at times be significant. If a method of ﬂexiﬁ)ility

except where such male threads are limited to the function
of forming a mechanical lock with matching female
threads during bonding.

(c) Factory-cut or molded threaded nipples, couplings,
or adapters bonded to plain end components may be used
where necessary to provide connections to threaded
metallic piping.

2 The polyolefin group of materials includes polyethylene, polypropy-
lene, and polybutylene.
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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.

N-119.1.2 Overstrained Behavior. Stresses cannot be
considered proportional to displacement strains in
nonmetallic piping systems where an excessive level of
strain may be produced in a localized area of the
system and in which elastic behavior of the piping material
is uncertain (see unbalanced systems in para. 119.3).
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Overstrain must be minimized by effective system routing
to avoid the necessity of a requirement for special joints or
expansion devices for accommodating excessive displace-
ments.

N-119.1.3 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, partic-
ularly, are prone to progressive deformation that may

some instances may be obtained from the manufacturers
of these materials. (Note that the modulus may vary with
the geometrical orientation of a test sample for filler-rein-
forced, filament-wound, or impregnated nonmetallic
materials.) For materials and temperatures not listed,
refer to an authoritative source, e.g., publications of
the National Institute of Standards and Technology.

N-119.6.3 Poisson’s Ratio. For nonmetals, Poisson’s
ratio will vary widely, depending on materials and

occurlupon repeated thermal cycling or under prolonged
expodure to elevated temperature.

N-]
resin
and 1
thep
leveld

19.1.4 Brittle Failure. In brittle thermosetting
5, the materials are essentially rigid in behavior
hay readily develop high displacement stresses, to
int of sudden breakage or fracture, under moderate
of strain.

N-11

N-]
ibility
contr
point

(a)
fatigu

(b)

(c)
in cof

N-]
are u
that f]
expar]
This
restrd
nique
the dg
21.

N-1]
the d
in deg
eratid
pipin
N-11

N- 6~ T
N-119.6.1-1 lists coefficients of thermal expansion for
several nonmetallic materials. More-precise values in
some instances may be obtained from the manufacturers
of these materials. If the values are to be used in stress
analysis, the thermal displacements shall be determined
as indicated in para. 119.

N-119.6.2 Modulus of Elasticity. Table N-119.6.2-1
lists representative data on the tensile modulus of elas-
ticity, E, for several nonmetals. More-precise values in

.5 Flexibility

19.5.1 Piping systems shall have sufficient flex-
' to prevent the effects of thermal expansion or
hction, the movement of pipe supports or terminal
5, or pressure elongation from causing

failure of piping or supports from overstrain or
e

leakage at joints

unacceptable stresses or distortion in the piping or
inected equipment

19.5.2 Where nonmetallic piping and components
ed, piping systems must be designed and routed so
exural stresses resulting from displacements due to
sion, contraction, and other causes are niinimized.
oncept requires special attention for supports and
ints, for the terminal connections,\and for the tech-
s outlined in para. 119.5.1. Further information on
sign of thermoplastic piping.can be found in PPI TR-

19.5.3 For metallic piping lined with nonmetals,
esigner must consider the integrity of the lining
igning for piping flexibility. This is a special consid-
n for linings that are less flexible than the metallic
b, e.g., glass or ceramics.

D.6 ‘Properties for Flexibility Analysis
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temperature. For that reason, formulas use(jl in linear
elastic stress analysis can be used only if thé manufacturer
has test data to substantiate the use of a'specifi¢ 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
ibility calculations.

N-119.6.5 MetallicPipe Lined With Nonmetals. Flex-
ibility and stress analysis for metallic pipe lined with
nonmetals shallxbe in accordance with ppra. 119,
except that aby limitations on allowable stiresses or
moments recommended by the manufacturers of the
lined pipe<shall be observed.

N-119.7 Analysis

N-119.7.1 Formal stress analysis is not re
systems that

(a) are duplicates, or replacements without
change, of successfully operating installations

(b) canreadily be judged adequate by compa
previously analyzed systems

(c) are routed with a conservative margin o
flexibility or employ joining methods or expar
devices, or a combination of these methods, in a
with the applicable manufacturer’s instructior

quired for
bignificant
rison with

f inherent
sion joint
ccordance

N-119.7.2 A substantiating stress analysis i
for a system not meeting the above criteria. Th
may demonstrate that adequate flexibility
employing a simplified, approximate, or comp
stress analysis, using a method that can be
be valid for the specific case. If essentially elasti

5 required
e designer
exists by
rehensive
shown to
t behavior

can be demonstrated for a piping system (see
para. N-119.1.1), the methods outlined in para. 119
may be applicable.

= novement

(displacement or rotation) of the piping with respect to
supports and points of close clearance. Movements of a
run at the junction of a small branch shall be considered
in determining the need for flexibility in the branch.

N-120 LOADS ON PIPE-SUPPORTING ELEMENTS
Paragraph 120 applies.
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Table N-119.6.1-1 Thermal Expansion Coefficients, Nonmetals

Mean Coefficients

Material Description 107° in./in./°F Range, °F 10"° mm/mm/°C Range, °C
Thermoplastics
PVC Type 1120 30 23-37 54 -5to +3
PVC Type 2116 40 37-45 72 3-7
CPVC 4120 34 61
PE2708 166 32126 186 6—49
PE3608 90 32-120 162 0249
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
Polypropylgne — random 83 32-120 ¥50 0-49
Poly(vinylidine chloride) 85 153
Poly(vinylidine fluoride) 100 180
Reinforced Thermosetting Resins
Epoxy-glasq, centrifugally cast 9-13 16-23.5
Epoxy-glasd, filament-wound 9-13 16-23.5
Polyester-glass, centrifugally cast 9-15 16-27
Polyester-glass, filament-wound 9-11 16-20
Polyester-glass, hand lay-up 12-15 21.5-27
Other
Hard rubbejr (Buna N) 40 72

GENERAL NOTE: Values in this Table are representative. Values at actual design temperature shall be obtained from the manufactyrers.

N-121 DESIGN OF PIPE-SUPPORTING ELEMENTS
N-121.1

In addifion to the other applicable requirements of
paras. 140 and 121, supparts, guides, and anchors
shall be sg¢lected and applied to comply with the require-
ments of|para. N-119.and paras. N-121.1.1 through
N-121.1.4

General

N-121.J.1 Support or restraint loads shall be trans-
mitted td piping attachment or bearing points in a

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 elagticity
with increasing temperature, and creep of the mdterial
with time shall be considered where applicable. The coef-
ficient of thermal expansion of most plastic materjals is
high and must be considered in the design and locatiion of

manner that-witt PT ectude pipc-vva“ deformratiomor
damage. Padding or other isolation material should be
installed in support or restraint clearance spaces for
added protection.

N-121.1.2 Valves and in-line components should be
independently supported to prevent the imposition of
high load effects on the piping or adjacent supports.

N-121.1.3 Nonmetallic piping should be guarded
where such systems are exposed to casual damage
from traffic or other work activities.

supports and restraints.

N-121.12 Burial of Thermoplastic and RTR Pipe

N-121.12.1 Design. Buried pipe design requires consid-
eration of burial depth, soil type, and compaction to deter-
mine the external loads on the pipe. For AWWA C900 PVC
pipe, AWWA Manual M23 outlines applicable design
procedures for water utility service. For AWWA C950
RTR pipe, AWWA Manual M45 outlines similar
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Table N-119.6.2-1 Modulus of Elasticity, Nonmetals
E, Kksi (73.4°F) E, MPa (23°C)

PART 6
SYSTEMS

Material Description [Note (1)] [Note (1)]
Thermoplastics N-122 DESIGN REQUIREMENTS PERTAINING TO
PVC Type 1120 420 2895 SPECIFIC PIPING SYSTEMS
PVC Type 2116 360 2485 The use of nonmetallic piping materials and compo-
CPVC 4120 420 2895 nents, under the scope of this Appendix, shall be
limited to those services and conditions stated in
PE2708 100 690 para 10012 or cpnriﬁra”y pnrmiﬂ'nr‘ in—this section.
PE360B 125 860 In addition
PE370B 125 860 (a) nonmetallic materials shall nottheuged under
PE371p 125 860 severe cyclic conditions unless it can'be demonstrated
PE470B 130 897 that the materials are suitable for the intended service
PE471D 130 897 in accordance with para. N-104-Z.
(b) these materials shall Be*appropriately [protected
Polyprppylene 120 825 agalns;transcllegt or o;i.era.tmg tedmp;rﬁtltl)res ;md prels-
Polyptbpylene — random 201 1386 sures beyond design 1m1ts, and shall be aglequately
. . protected against mechanical damage.
Poly(v|nylidene chloride) 100 690 e g . .
] ) (c) limitations on the use or application of mlaterials in
Poly(vinylidene fluoride) 194 1340 this Appendix apply to pressure-containing parts. They do
not apply to-the use of materials for supports, linings,
Thernjosetting Resins, Axially Reinforced gaskets, af)packing.
Epoxy{glass, centrifugally cast 1,200-1,900 8275-13100 .. .
Epoxylglass, filament-wound 1,100-2,000 7585-13790 ~ N-122:7 pr'rfg for Flammable or Combystible
Polyester-glass, centrifugally cast 1,200-1,900 8275-13100 LIqUIdS
Polyesfer-glass, filament-wound 1,100-2,000  7585-13790 N-122.7.1 Polyethylene and reinforced thermosetting
Polyesfer-glass, hand lay-up 800-1,000 5515-6895 resin pipe may be used for flammable or combustible
liquids in buried installations only. The fluid tenfperatures
Other shall not exceed 140°F (60°C) and pressurep shall be
Hard rubber (Buna N) 300 2070 limited to 150 psig [1.035 MPa (gage)]. Partifular care
. i ) must be exercised to prevent damage to RTR| piping at
NOTE:| (1) The modulus of elasticity values for thermogetting resin . . o1 .
: S L CT T the connection to the main or other facility. Precautions
pipe aife given in the longitudinal direction; different values may apply . .
in the [circumferential or hoop direction. The todulus of elasticity Sl.lau be taken to prevent Cm.lShmg or Sh.earl pg of RTR
valueg for thermoplastic resin pipe are temperature dependent piping due to external loading or settling ¢f backfill
and stfress-time related. In all cases forsmaterials listed in this and to prevent damage or pullout from the terminal
Table, manufacturers shall be consulted for'specific product informa- connection resulting from thermal expansion dr contrac-
tion. tion.
RTR piping may terminate above ground and outside a
building, provided that
a) the aboveground portion of the RTR pipe is com-
procedures. Itis the designer’s responsibility to verify that (@) Br p . . pipe 15
. ) pletely enclosed in a conduit or casing of pufficient
the pfrocedures:are applicable for other services and h id ion f 4 4
o terfals Minimum bie stiffness for RTR bibe strength to provide protection from externgl damage
pkllp;il, ma ’ pip pip and deterioration. Where a flexible conduit is| used, the
sha

he.minimum stiffness shall be determined at 5%

]lr:eet the'requirements of AWWA C950 for 5% deflec-
tion.

top of the riser must be attached to a solid support.
The conduit or casing shall extend a minimum of 6 in.

g : 41 4 1 1 £
defleLLlUll ualug LIIT Clpl)dl dlUsS dIIu lJl uolcuaurcs Ul

ASTM D2412.

N-121.12.2 Installation. The pipe manufacturer’s rec-
ommendations shall be equal to or more stringent than
those described in ASTM D3839 for RTR pipe or ASTM
D2774 for thermoplastic pipe. The manufacturer’s recom-
mendations shall be followed.
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(150 mm) below grade.
(b) the RTR pipe is not subjected to excessive stresses
due to external loading.

N-122.8 Piping for Flammable Gases, Toxic Gases
or Liquids, or Nonflammable Nontoxic
Gases

N-122.8.1 Polyethylene pipe may be used for natural
gas service in buried installations only. The fluid tempera-
tures shall not exceed 140°F (60°C) nor be below -20°F

(20)
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(-29°C), and pressures shall be limited to 100 psig [0.690
MPa (gage)]. Pipe joints shall be heat fused in accordance
with a Bonding Procedure Specification meeting the re-
quirements of para. N-127.

N-122.9 Piping for Corrosive Liquids and Gases

N-122.9.1 For nonmetallic piping used to convey
corrosive or hazardous liquids or gases in accordance
with para. 122.9, the design shall meet the requirements

N-122.9.2 Aboveground nonmetallic piping conveying
corrosive or hazardous fluids shall be installed in a
guarded manner that will prevent damage during
construction, operation, or service.

N-122.9.3 For metallic piping lined with nonmetals
used to convey corrosive or hazardous liquids or gases
in accordance with para. 122.9, the design shall meet
the requirements of para. N-104.7.2.

of para. NFT04.7.Z, In addition to the materials limitation
requireménts of para. N-124.9.
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Chapter N-llI
Materials

N-12B GENERAL REQUIREMENTS

Parfagraph 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
stregyses 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
stregyses and other design limits as covered in
para.[N-102.3 or on a more conservative basis. Unlisted
materials shall be qualified in accordance with the re
quirements 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-1211.1 Temperature Limitations

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.

N-124.1.1 Thérmoplastic Piping Components.
Tablg N-102.2.1%T provides hydrostatic design stresses
(HDS) and recomimended temperature limits for thermo-
plasticc piping components.

N-124.1.2 Laminated Reinforced Thermosetting

N-124.1.4 Notes for Tables N-102.2,1-1| Through
N-102.2.1-3. The basis for settingminipnum and
maximum temperatures varies withthe [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 Tables N-102.271-1 and N-102.2.1-2, ds applica-
ble, except as provided in para. N-102.3.1.

(b) An upnlisted material acceptable under
para.N-123¢22'shall have upper temperature lithits estab-
lished in @¢cordance with para. N-102.2.

N-124.1.6 Lower Temperature Limitations

(@) The minimum design temperature for alisted mate-
rfal shall not be lower than the minimum tenjperatures
listed in Tables N-102.2.1-1 and N-102.2.1-2, gs applica-
ble, except as provided in para. N-102.3.1(a).

(b) An unlisted material acceptable under
para.N-123.1.2 shall have lower temperature lirpits estab-
lished in accordance with the manufacturer’s r¢ecommen-
dation but in no case less than -20°F (-29°C)|

N-124.9 Installation Limitations for Nonmetallic
Piping
N-124.9.1 General

(a) Nonmetallic materials shall be guardqd 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.

N-124.9.2 Thermoplastics

Resin Piping Components. Table N-102.2.1-2 provides
design stresses (DS) and recommended temperature
limits for laminated RTR piping components.

N-124.1.3 Machine-Made Reinforced Thermosetting
Resin Pipe. Table N-102.2.1-3 provides hydrostatic
design basis (HDB) at a temperature level of 73°F
(23°C) for machine-made RTR pipe.

(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.

(20)
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(c) PVCand CPVCshall notbe used in compressed air or
other compressed gas service.

N-124.9.3 Reinforced Thermosetting Resins Piping.
When used for corrosive, hazardous, or flammable
fluid service, RTR piping shall be installed in a guarded
manner that will prevent damage during construction,
operation, or service.

N-124.9.4 Reinforced Plastic Mortar (RPM) Piping.
When us

guarded manner that will prevent damage during
construction, operation, or service.

N-125 MISCELLANEOUS MATERIALS: JOINING
AND AUXILIARY MATERIALS

When selecting materials, e.g., cements, solvents,
packing, and O-rings, for making or sealing joints, the
designer shall consider their suitability for the fluid
service.

din othar than naontavie noanflaymaahla
a—H—otheF—ttha R ohRtoxie— o ammante;

liquid service, RPM piping shall be installed in a
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Chapter N-IV
Specifications and Standard Data
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b MATERIAL SPECIFICATIONS AND

STANDARDS
.1 Standard Piping Components

nensions of standard piping components shall
ly with the standards and specifications listed in
N-126.1-1 in accordance with the requirements
Fa. N-102.2.1. Abbreviations used in this Appendix
cted in para. N-100.2.2.

5.2 Nonstandard Piping Components

ere nonstandard piping components are designed in
dance with para. N-104.7, adherence to dimensional
ards of ANSI and ASME is strongly recommended
e practical. Dimensions of piping connection
s not covered by a governing component specifica-
r standard shall conform to para. N-114.

N-126.3 Reference Documents

(a) The documents listed in TableyN*126
contain references to codes, standards, ‘or spe
not listed in the table. Such unlisted codes, sta

.1-1 may
cifications
hdards, or

specifications are to be used,qnly in the context of the

listed documents in which.they appear.

(b) Where documents listed in Table N-126.1
design rules that are in~conflict with this App
design rules of this Appendix shall govern.

(c) The fabrication, assembly, examination, i
and testing requirements of Chapters N-V and
to the congstruction of piping systems. These req
are not.applicable to the manufacture of m|
compohents listed in Table N-126.1-1 unless s
stated:

-1 contain
endix, the

hspection,
N-VI apply
llirements
aterial or
pecifically
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