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FOREWORD

Responding to evident need and at the request of The American Society of Mechanical Engineers (ASME), the American
Standards Association initiated Project B31 in March 1926, with ASME as sole administrative sponsor. The breadth of the

field invo

ved rpqnirpd that mpmhprchip of the Sectional Committee be drawn from some 40 engineering sacjeties,

industries
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The St¥dards Committee was reorganized in 1978 as a:Committee operating under ASME procedures with| ANSI

, government bureaus, institutes, and trade associations.
ublication in 1935 was as the American Tentative Standard Code for Pressure Piping. Revisions~from|1942
D55 were published as American Standard Code for Pressure Piping, ASA B31.1. It was then decided to puiblish
e documents the various industry Sections, beginning with ASA B31.8-1955, Gas Transmission'and Distrifution
tems. The first Petroleum Refinery Piping Code Section was designated ASA B31.3-1959,-ASAB31.3 revjsions
ished in 1962 and 1966.
-1969, the American Standards Association became first the United States of America Standards Institutd, then
can National Standards Institute (ANSI). The Sectional Committee became American National Stanfdards
e B31 and the Code was renamed the American National Standard Code fop) Pressure Piping. Thq next
sion was designated ANSI B31.3-1973. Addenda were published through 1975.
[ode Section for Chemical Plant Piping, prepared by Section Committee B31(6, was ready for approvalin 1974. It
ed, rather than have two closely related Code Sections, to merge the-Section Committees and develop 4 joint
on, titled Chemical Plant and Petroleum Refinery Piping. The first€dition was published as ANSI B31.3-1976.
ode, responsibility for piping design was conceptually integrated with that for the overall processing f4cility,
uarding recognized as an effective safety measure. Three categories of Fluid Service were identified, with a
Chapter for Category M Fluid Service. Coverage for nonmetallic piping was introduced. New concepts|were
ned in five Addenda, the fourth of which added Appendix*M;a graphic aid to selection of the proper Fluid S¢rvice

on. Itis now the ASME Code for Pressure Piping, B31 Committee. Section committee structure remains ¢ssen-
anged.
pnd edition of Chemical Plant and Petroleum Refinery Piping was compiled from the 1976 Edition and its five
with nonmetal requirements editorially relocated to a separate Chapter. Its new designation was ANSI/ASME
0.
Committee B31.10 had a draft Cede for Cryogenic Piping ready for approval in 1981. Again, it was decidled to
two Section Committees and develop a more inclusive Code with the same title. The work of consolidation was
ompleted in the ANSI/ASME_B31.3-1984 Edition.
hnt changes were made.inAddenda to the 1984 Edition: integration of cryogenic requirements was complleted;
nd-alone Chapter on-high-pressure piping was added; and coverage of fabrication, inspection, testing, and
stresses was reorganized. The new Edition was designated as ASME/ANSI B31.3-1987 Edition.
a to the subsequent five Editions, published at 3-year intervals, were primarily used to keep the Code up tq date.
ndices were added, however, on requirements for bellows expansion joints, estimating service life, submiltal of
hluminumflanges, and quality controlin the 1990,1993,1999,and 2002 Editions, all designated as ASME B31.3.
gram te‘clarify the application of all Sections of the Code for Pressure Piping, changes were made |n the
on and Scope statements of the 1996 Edition, and its title was changed to Process Piping.

certain ex

ireetion ofASME Codes and Standards management SI (metrlc) units ofmeasurement were emphasmed With
eTe e e uctions for

conversion were glven where ST units data were not available. U.S. Customary unlts also were given. By agreement, either
system may have been used.

Beginni

ng with the 2004 Edition, the publication cycle of ASME B31.3 was changed to biennial. Other changes made in

the 2004 Edition included the introduction of the weld joint strength reduction factor, W, and the additions of Appendix P,
Alternative Rules for Evaluating Stress Range, and Appendix S, Piping System Stress Analysis Examples.

Changes that were made to the 2006 and 2008 Editions of ASME B31.3 included the requirement that valves have
blowout-proof stems and the addition of a definition for elevated temperature fluid service, respectively. The most
significant change that was made to the 2010 Edition of ASME B31.3 was the addition of Chapter X, High Purity

Xiv
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Piping. Inthe 2012 Edition, Tables A-1M and A-2M were added to Appendix A that give allowable design values in SI units,
and Appendix N, Application of ASME B31.3 Internationally, was also added.

For the 2016 Edition, the allowable design values in SI units as shown in Tables A-1M and A-2M were changed from for
information only to values that may be used to meet the requirements of the Code.

In this Edition, ST units are given first, with U.S. Customary units in parentheses. Table K-1 in Appendix K is an exception,
containing only U.S. Customary units. The allowable design values in Tables A-1 and A-2 are given in U.S. Customary units,
and the SI values are given in Tables A-1M and A-2M. Either the U.S. Customary units or the SI units for these allowable
design values may be used. Except for Tables A-1, A-1M, A-2, A-2M, C-1, C-1M, C-6, C-6M, and K-1, values in SI units are to

beregarded as the standard, unless otherwise agreed between the contracting parties. Instructions are given in Table K-1
for convertins—tabwar-data—inU-S—Custeomary—units—to-apbropra I units-
=)

ite + ta S
o>—GHStemaryHhits—teapprepriateo>rHhit

Interpretations, Code Cases, and errata to the B31.3 Code on Process Piping are published on the followingiASME web
page:| https://cstools.asme.org/csconnect/CommitteePages.cfm?Committee=N10020400.
ASME B31.3-2020 was approved by the American National Standards Institute on September 29,,2020.

XV
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INTRODUCTION

The ASME B31 Code for Pressure Piping consists of a

number of individually published Sections, each an Amer-
ican Natipnal Standard under the direction of ASME

Thisis the B31.3 Process Piping Code Section. Hereafter,
in this Introduction and in the text of this Code Section
B31 3 where the word Cade isused without cpr—\riﬁr iden-

Committep B31, Code for Pressure Piping.
Rules fdr each Section reflect the kinds of piping instal-
lations copsidered during its development, as follows:

B31.1 Power Piping: piping typically found in
electric power generating stations, in
industrial and institutional plants,
geothermal heating systems, and central

and district heating and cooling systems

B31.3 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

B31.4 Pipeline Transportation Systems for Liquids
and Slurries: piping transporting products
that are predominately liquid between
plants and terminals and within terniinals,
pumping, regulating, and metering

stations

B31.5 Refrigeration Piping and Heat,Transfer
Components: piping for reffigerants and

secondary coolants

B31.8 Gas Transmission and /Distribution Piping
Systems: piping‘\transporting products
that are predominately gas between
sources and-terminals, including
compressor, regulating, and metering

statiens; gas gathering pipelines

B31.9 Building Services Piping: piping typically

found in industrial, institutional,

tification, it means this Code Section.
Itis the owner’s responsibility to select the Gode S¢ction
that most nearly applies to a proposed piping installation.
Factors to be considered by the owner include limitations
of the Code Section; jurisdictional requirements; ard the
applicability of other codes and standards. All appljcable
requirements of the selected Gode Section shall be¢ met.
For some installations, more:than one Code Sectiop may
apply to different parts of the installation. The owher is
also responsible for imposing requirements suppl¢men-
tary to those of the Code if necessary to assure safe piping
for the proposed-installation.
Certain piping'within a facility may be subject to
codes and standards, including but not limited to
— ANSI'Z223.1 National Fuel Gas Code: piping fdr fuel
gas fromrthe point of delivery to the connection of eagh fuel
utilization device
= NFPA Fire Protection Standards: fire protgction
Systems using water, carbon dioxide, halon, foam, dry
chemicals, and wet chemicals
— NFPA 99 Health Care Facilities: medical and Igbora-
tory gas systems
— building and plumbing codes, as applicablg, for
potable hot and cold water, and for sewer and |drain
systems
The Code specifies engineering requirements deemed
necessary for safe design and construction of pressure
piping. While safety is the primary consideratior], this
factor alone will not necessarily govern the final spegifica-
tions for any piping installation. The Code is not a design
handbook. Many decisions that must be made to prodluce a
sound piping installation are not specified in detail within
this Code. The Code does not serve as a substitufe for
sound engineering judgments by the owner and the
designer.
To the greatest possible extent, Code requiremernts for

other

commercial, and public buildings, and In
multi-unit residences, which does not
require the range of sizes, pressures, and
temperatures covered in B31.1

B31.12 Hydrogen Piping and Pipelines: piping in
gaseous and liquid hydrogen service and

pipelines in gaseous hydrogen service

XX

design are stated In terms of basic design principtes and
formulas. These are supplemented as necessary with spe-
cific requirements to ensure uniform application of prin-
ciples and to guide selection and application of piping
elements. The Code prohibits designs and practices
known to be unsafe and contains warnings where
caution, but not prohibition, is warranted.
This Code Section includes the following:
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(a) references to acceptable material specifications
and component standards, including dimensional require-
ments and pressure-temperature ratings

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

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

(d) guidance and limitations on the selection and appli-

of the authority having jurisdiction. When specified as the
latest edition and when no edition is specified, the specific
edition is the one issued at least 6 months prior to the
original contract date for the first design activity.

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

The B31 Committee has established an orderly proce-

catiop-ef-materialscomponents,andjoiningmethods dure-to-considerrequestsfor-interpretationand revision
(e)| requirements for the fabrication, assembly, and of Code requirements. To receive considération, such

erection of piping request must be in writing and must givefull particulars
(f) |[requirements for examination, inspection, and in accordance with Appendix Z.

testinlg of piping The approved reply to an inquiry will be sent directly to
Either International System (SI, also known as metric) the inquirer. In addition, the question and reply will be

or U.5. Customary units may be used with this edition. published as part of an Interpretation supplement.

Local|customary units may also be used to demonstrate
compliance with this Code. One system of units should be
used fonsistently for requirements applying to a specific
installation. The equations in this Code may be used with
any consistent system of units. Itis the responsibility of the
orgarjization performing calculations to ensure that a
consistent system of units is used.

ASME Committee B31 is organized and operates under
procedures of The American Society of Mechanical Engi-
neers|that have been accredited by the American National
Standards Institute. The Committee is a continuing one,
and Keeps all Code Sections current with new develop-
ment$ in materials, construction, and industrial practice.
New gditions are published at intervals of 2 years,

Codle users will note that paragraphs in the Code are not
necessarily numbered consecutively. Such diseonfinuities
result from following a common outline, inSofar as prac-
tical, [for all Code Sections. In this way, corresponding
material is correspondingly numbered in most Code
Sectigns, thus facilitating reference by those who have
occasjon to use more than one Section.

This edition of Code Section.B31.3 is not retroactive.
Normally, agreement is-tnade between contracting
partigs to use a specific.edition, considering requirements

A Case is the prescribed form of reply when qtudy indi-
cates that the Code wording needs clarificatior, or when
the reply modifies existing requirements of the Code or
grants permissiorni to use new materials or alternative
constructions, The Case will be published as| part of a
Case supplemént.

Code Cdses’remain available for use until annulled by
the ASME B31 Standards Committee.

A request for revision of the Code will be plated on the
Cofmmittee’s agenda. Further information or adtive parti-
cipation on the part of the proponent may be requested
during consideration of a proposed revision.

Materials ordinarily are listed in the stress thbles only
when sufficient usage in piping within the scppe of the
Code has been shown. Requests for listing shall include
evidence of satisfactory usage and specific data to
permit establishment of allowable stresses, maximum
and minimum temperature limits, and other restrictions.
Additional criteria can be found in the guidelings for addi-
tion of new materials in the ASME Boiler and Pressure
Vessel Code, Section 1. (To develop usage and gain experi-
ence, unlisted materials may be used in accordance with
para. 323.1.2.)

XXi


https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020
SUMMARY OF CHANGES

Following approval by the ASME B31 Committee and ASME, and after public review, ASME B31.3-2020 was approved by

the Amerjcan National Standards Institute on September 29, 2020.
ASME B31.3-2020 includes the following changes identified by a margin note, (20).
Page Location Change
XX Introduction After subpara. (f), paragraph added
2 300.1.4 Added, and subsequent paragraph redesignated
10 Table 300.4 Appendix D deleted
12 301.3.2 Title revised
12 301.3.3 Title revised
12 301.3.4 Title revised
13 302.2.4 Revised
14 302.2.5 Last sentence deleted
16 Table 302.3.3C General Note revised
19 302.3.6 Subparagraphs(a)(1) revised
24 304.3.1 Subparagraphs (a) and (a)(2) revised
31 304.5.2 Subparagtaph (b) revised
32 304.7.2 Subparagraphs (b) and (c) revised
34 306.5.2 Revised
34 307.1.2 Last sentence deleted
36 311.2.2 Subparagraph (d) revised
37 314.2.1 Subparagraph (c) revised
40 319.34 Subparagraph (b) revised
40 319.3.6 Revised
41 319.4.4 (1) Subparagraphs (a) and (b) revised
(2) Subparagraph (c) and egs. (19) and (20) deleted
43 320.1 Revised
44 320.2 (1) Revised
(2) Footnote 9 added
49 Table 323.2.2 Items A-3(b) and B-3 revised
56 Table-323-34 (- Hems4A-5and B-5revised
(2) Note (4) deleted
60 Table 326.1 Revised in its entirety
66 328.5.2 Revised in its entirety
66 328.5.4 Subparagraphs (d), (e)(2), and (f) revised
67 Figure 328.5.2A Title revised
67 Figure 328.5.2B Title revised
68 Figure 328.5.2C (1) Title revised

(2) Variable for nominal pipe wall thickness revised

xxii
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Cross-

hphs

Page Location Change

69 328.6 Revised

71 330.1 Last paragraph added

73 331.1.1 Subparagraph (a) revised

73 331.1.3 Subparagraph (b)(5)(-a) revised

74 Table 331.1.1 Note (7) revised

73 331.1.6 Subparagraph (c) revised

75 331.2.6 Revised

78 332.4 Last sentence added

90 344.6.2 Subparagraph (a) revised

103 A321.5.1 Subparagraph (a) revised

103 A321.5.2 Revised in its entirety

106 A328.2.1 Subparagraph (b)(6) revised

107 Table A326.1 Standards ASTM D3309, ASTM D231Q, ASTM D2447, AS
D3309, and ASTM F1974 deleted

109 A328.2.5 Nomenclature in subpara. (c)(1)revised

120 M331 Revised

124 K300 Revised in its entirety,

124 K300.1 K300.1.4 added, subSequent paragraphs redesignated, and
references updated

125 K302.3.1 Subparagraphs (b) and (d) revised

126 K302.3.2 Subparagraphs (b), (c), and (d) revised

127 K302.3.6 Subparagraph (a) revised

128 K304.1.2 Revised

128 K304.1.3 Revised

128 K304.2.4 Revised

129 K304.7.2 Subparagraph (c) revised

130 K304.7.3 Revised

130 K304.8.1 First paragraph and footnote 6 revised

130 K304.8.2 Former subpara. (a) deleted, and subsequent subparagr
revised and redesignated

130 K304.8.3 Subparagraph (c) revised

130 K304.8.5 First paragraph revised

131 K307 Revised in its entirety

132 K3142 Subparagraph (b) revised

133 K317.2 Title revised

134 K322.6.3 (1) Subparagraphs (a) and (b) revised

(2) Subparagraph (c) deleted

135 K323.2.2 Revised in its entirety

135 K323.3.1 Revised

135 K323.34 Revised in its entirety

139 Table K326.1 (1) Standards under “Bolting” and “Metallic Fittings, Valves, and
Flanges” revised

(2) Note (1)(c) added
140 K328 Revised
140 K328.1 Revised in its entirety
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Page
140
140
141
141
143
143
143
144
144

148
148
149
149

152
152
152
154
159

163

167

Location Change
K328.2.1 Subparagraphs (b) and (f) revised
K328.3.1 Revised in its entirety
K330.1 Revised
K331 Revised in its entirety
K332.4.1 Revised
K332.4.2 Subparagraph (a) revised
K333 Revised in its entirety
K341.3.3 Subparagraphs (a) and (b) revised
K341.4.1 (1) Subparagraph (b) revised
(2) Subparagraph (c) added
K345.1 Subparagraphs (a), (b), and (d) revised
K345.2.1 Former footnote 10 deleted
K346.1 Revised
K346.2 (1) Subparagraph (b) added, and subsequent subparagraphs
redesignated
(2) Subparagraphs (d) and (f) neyised
U328 Revised
U328.2 Revised in its entirety
U328.4.2 Added
U341.4.1 (1) First paragraph and subparas. (a) and (b) revised

Specification Index for Appendix A

Notes for Tables A-1, A-1M, A-1A,
A-1B, A-2, and A-2M

Table A-1

(2) Subparagraph (c) added

(1) A381, B166, B462, B649, B688, and B690 revised

(2) B547\deleted

(1) General Note (f) and in-text table in Note (42) revised
(2) Note (44) deleted

(1) Under Iron — Castings, for Gray A278 40, Note (9) referen
deleted

(2) Under Carbon Steel — Pipes and Tubes, for A285 Gr. A A1
A285Gr.BA134,and A285 Gr.CA134, Type/Grade and UNS }
added

(3) For A516 Gr. 60, stress values for 700°F and 800°F revis|
(4) For A516 Gr. 65, stress values for 850°F and 900°F revis|

(5) Under Carbon Steel — Pipes (Structural Grade), A283 Gr
and B deleted

(6)A1011 Gr.30,33,36,and 40; A36; A283;and A1011Gr.45a
50 revised

(7) Under Carbon Steel — Plates, Bars, Shapes, and Sheets

4,
(0.

ed
ed

Struetural)-A283-A-and B-deleted
(8) A1011 30, 33, 36, 40, 45, and 50; A283 C and D; and A3
revised

(9) Under Stainless Steel — Pipes and Tubes, A376 16-8-2H
deleted

(10) A312 TP310S revised
(11) A358 310S deleted

6

(12) For A813, A814, A249, and A312 S31254, Notes and stress

values revised

XXiv
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Page Location Change

(13) For A358 S31254, stress values revised

(14) A789 S32900 deleted

(15) Under Stainless Steel — Plates and Sheets, A240 439 deleted

(16) A240 310H revised

(17) A240 S31254 Notes and stress values revised

(18) Under Stainless Steel — Forgings and Fittings, A182 F10
deleted

(19) A182 F310, A403 WP310S, and A403 WP310H rey]sed

(20) For A182 and A403 S31254, Notes and stress values ffevised

(21) A403 S31254, A815 S31803, A403 N08367, ahd Ag415
S32750 deleted

(22) A815 S32101, A815 S32205, and A815 S32760 revjsed

(23) A182 S41000 and A182 S41026deleted

(24) A182 S32750 revised

(25) Under Stainless Steel — Bar,-A479 S31254 Note and stress
values revised

(26) A479 S32205 and A479 S20910 revised

(27) Under Stainless Steel — Castings, for A351 CH10,A351 CH20,
and A351 CF8C;stress values revised

(28) Under Nickel’and Nickel Alloy — Castings, A494 CX2MW
reordered ahd revised

(29) A494 €CW12MW and A494 CW6M revised

(30). Under Zirconium and Zirconium Alloy — Pipes and [Tubes,
B523 R60702, B658 R60702, and B658 R60705 revisgd

(31) B523 R60705 deleted

(32) Under Zirconium and Zirconium Alloy — Plates and Fheets,
B551 R60702 and B551 R60705 revised

(33) Under Zirconium and Zirconium Alloy — Forgings and Bar,
B493 R60702, B550 R60702, B493 R60705, and B550 R60705
revised

(34) Aluminum Alloy — Welded Pipes and Tubes category deleted

242 Table A-1M (1) Listings for Nominal Composition Fe revised in their eptirety

(2) A134 revised

(3) For A524, A333, A334, A671, A672, A139, API 5L, and A381,
stress values revised

(4) A516, A515, A1011, A283, A36, and A992 revised

(5) A376 deleted

(6) For A312, Type/Grade, UNS No., and Notes revised

(7) A358 deleted

(8) For A813, A814, A249, and A312, Notes deleted

(9) A789 and A240 deleted

(10) For A240 and A403, Type/Grade, UNS No., and Notes revised
(11) A182, A403, A815, and A479 revised

(12) For A351, stress values revised

(13) WId. tube B626 added

(14) A494, B523, B658, B551, B493, and B550 revised
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Chapter |
Scope and Definitions

300 GENERAL STATEMENTS

(a)| Identification. This Process Piping Code is a Section
of The¢ American Society of Mechanical Engineers Code for
Pressure Piping, ASME B31, an American National Stan-
dard.|It is published as a separate document for conve-
niencp of Code users.

(b)| Responsibilities
1) Owner. The owner of a piping installation shall
have pverall responsibility for compliance with this Code,
and for establishing the requirements for design,
construction, examination, inspection, and testing that
will gpvern the entire fluid handling or process installation
of whjch the piping is a part. The owner is also responsible
for dgsignating piping in Category D, Category M, High
Pressure, and High Purity Fluid Services, and for deter-
mining if a specific Quality System is to be employed.
[See (d)(4) through (d)(7) and Appendix Q.] Where ap-
plicajple, the owner shall consider requirements
imposed by the authority having jurisdiction regarding
the piping installation. The owner may designate a‘repre-
sentative to carry out selected responsibilities required by
this Cpde, but the owner retains ultimate responsibility for
the a¢tions of the representative.

?) Designer. The designer is résponsible to the
owndr for assurance that the engineering design of
pipinjg complies with the requirements of this Code
and with any additional req@irements established by
the opner.

3) Manufacturer\Fabricator, and Erector. The
manyfacturer, fabricator, and erector of piping are
respdnsible for providing materials, components, and
workmanship in‘compliance with the requirements of
this Jode and\of the engineering design.

4) Owner’s Inspector. The owner’s Inspector (see
para.| 340)/is responsible to the owner for ensuring

that the rnqnirnmnhfc of this Code for incpnr‘finn’ exame-

para. F300.1 for examples of standards that\ypay apply
in these situations. The provisions of-this Code may
optionally be applied for those purposes,|although
other considerations may also be necessary.
(3) The Code generally specifies a sjmplified
approach for many of its requirements. 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 detailsiand calculations demonstrpting that
design, construction, examination, and testing gre consis-
tent with the.design criteria of this Code. These details
shall be adequate for the owner to verify thle validity
and shall be approved by the owner. The defails shall
be decumented in the engineering design.
(4) Piping elements shall conform to the|specifica-
tiens and standards listed in this Code or, if not prohibited
by this Code, shall be qualified for use as set fgrth in ap-
plicable Chapters of this Code.
(5) The engineering design shall specify any unusual
requirements for a particular service. Where dervice re-
quirements necessitate measures beyond thos¢ required
by this Code, such measures shall be specified by the engi-
neering design. Where so specified, the Code requires that
they be accomplished.
(6) Compatibility of materials with the s¢rvice and
hazards from instability of contained fluids are hot within
the scope of this Code. See para. F323.
(d) Determining Code Requirements
(1) Code requirements for design and copstruction
include fluid service requirements, which affect selection
and application of materials, components, and jdints. Fluid
service requirements include prohibitions, limitations,
and conditions, such as temperature limits or p require-
ment for safeguarding (see Appendix G). Codp require-
ments for a piping system are the most resfrictive of

ination, and testing are met. If a Quality System is specified
by the owner to be employed, the owner’s Inspector is
responsible for verifying that it is implemented.
(c) Intent of the Code

(1) Itistheintentofthis Codeto setforth engineering
requirements deemed necessary for safe design and
construction of piping installations.

(2) This Code is not intended to apply to the opera-
tion, examination, inspection, testing, maintenance, or
repair of piping that has been placed in service. See

those that apply to any of its elements.

(2) For metallic piping not designated by the owner
as Category M, High Pressure, or High Purity Fluid Service
(see para. 300.2 and Appendix M), Code requirements are
found in Chapters I through VI (the base Code) and fluid
service requirements are found in

(-a) Chapter III for materials
(-b) Chapter II, Part 3, for components
(-¢c) Chapter II, Part 4, for joints
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(3) For nonmetallic piping and piping lined with
nonmetals, all requirements are found in Chapter VII.
Paragraph designations begin with “A”

(4) For piping in a fluid service designated as Cate-
gory M, all requirements are found in Chapter VIII. Para-
graph designations begin with “M.”

(5) For piping in a fluid service designated as Cate-
gory D, piping elements restricted to Category D Fluid
Service in Chapters I through VII, as well as elements

(1) raw, intermediate, and finished chemicals

(2) petroleum products

(3) gas, steam, air, and water

(4) fluidized solids

(5) refrigerants

(6) cryogenic fluids

(c) See Figure 300.1.1 for a diagram illustrating the

application of B31.3 piping at equipment. The joint
connecting piping to equipment is within the scope of

suitable for-etherfluid-servicesmaybe-tused:

(6) Hor piping designated as High Pressure Fluid
Service, fll requirements are found in Chapter IX.
These rul¢s apply only when specified by the owner. Para-
graph dedignations begin with “K”

(7) Hor piping designated as High Purity Fluid
Service, aJl requirements are found in Chapter X. Para-
graph dedignations begin with “U.”

(8) Requirements for Normal Fluid Service in
Chapters|I through VI are applicable under severe
cyclic conpditions unless alternative requirements for
severe cy¢lic conditions are stated.

(9) Requirements for Normal Fluid Service in
Chapters| I through VI are applicable for Elevated
Temperafure Fluid Service unless alternative require-
ments for Elevated Temperature Fluid Service are
invoked.

(e) Appendices. Appendices of this Code contain Code
requirements, supplementary guidance, or other informa-
tion. See gara. 300.4 for a description of the status of each
Appendix

(f) Code Cases. ASME issues Code Cases that are appli-
cable to this Code. The Code Cases

(1) modify the requirements of this Code

(2) are applicable from the issue date until the Cases
are annulled

(3) may be used only when approved by the owner.
When so gpproved, the Code Cases shall-be specified in the
engineering design and become requirements of this Code.

300.1 Scope

Rules fqr the Process-Piping Code Section B31.3" have
been developed considering piping typically found in
petroleum refineries; onshore and offshore petroleum
and naturjal gassproduction facilities; chemical, pharma-
ceutical, textile;paper, ore processing, semiconductor, and
cryogenic|plants: food and beverage processing facilities:

DO~

300.1.2 Packaged Equipment Piping. Als¢)included
within the scope of this Code is piping thatintercornects
pieces or stages within a packaged equipment assembly.

300.1.3 Exclusions. This Code excludes the follgwing:
(a) piping systems designed forjinternal gage [pres-
sures at or above zero but less’than 105 kPa (15 psi),
provided the fluid handleds\honflammable, nontoxic,
and not damaging to human tissues as defined in
300.2, and its design temperature is from 429°C
(—20°F) through 186°C (366°F)
(b) power boiléts in accordance with ASME BPVC,?
Section I and<boiler external piping that is requited to
conform to~ASME B31.1
(c) tubes/tube headers, crossovers, and manifolds of
fired héaters that are internal to the heater enclogure
(d)>pressure vessels, heat exchangers, pymps,
compressors, and other fluid handling or procdssing
equipment, including internal piping and connegtions
for external piping

300.1.4 Units of Measure. This Code states valfies in
both SI and U.S. Customary units. Within the text, tHe U.S.
Customary units are shown in parentheses or in separate
tables. The values stated in each system are not|exact
equivalents; therefore, each system of units shoyld be
used independently of the other.

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

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
digifc for use in calculations

and related processing plants and terminals.
300.1.1 Content and Coverage

(a) This Code prescribes requirements for materials
and components, design, fabrication, assembly, erection,
examination, inspection, and testing of piping.

(b) This Code applies to piping for all fluids, including

1 B31 references here and elsewhere in this Code are to the ASME B31
Code for Pressure Piping and its various Sections, which are identified
and briefly described in the Introduction.

2 ASME BPVC references here and elsewhere in this Code are to the
ASME Boiler and Pressure Vessel Code and its various Sections as
follows:

Section I, Rules for Construction of Power Boilers

Section II, Materials, Parts C and D

Section III, Rules for Construction of Nuclear Facility Components,
Division 1, Subsection NH

Section V, Nondestructive Examination

Section VIII, Rules for Construction of Pressure Vessels, Divisions 1, 2,
and 3

Section IX, Welding, Brazing, and Fusing Qualifications
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Figure 300.1.1 Diagram Illustrating Application of B31.3 Piping at Equipment

{ Power boilers in accordance

4
/

f___

with BPV Code Section I

-f Boiler external piping which
is required to conform to B31.1

N

Tubes, tube headers,
crossovers and manifolds
of fired heaters, internal
to the heater enclosure

f——‘——7

Legend

Piping outside the scope

GENERAL NOTE: The means by which piping is attached to equipment is within the scope of the applicable piping code.

300.1.5 Rounding. The rules described in this para-
grapl] apply unless otherwise specified.in the Code or
the epgineering design. For purposes of determining
confqrmance with specified limits in this Code, an
obserfved value or a calculated yvalue shall be rounded
“to the nearest unit” in the last right-hand significant
digit pised in expressingithe requirement, in accordance
with the rounding methed of ASTM E29, Using Significant
Digitd in Test Datao\Determine Conformance with Speci-
ficatipns. ASTM-EZ29 requires that when rounding a
numMer to on€ having a specified number of significant
digity, cheose that which is nearest. If two choices are
possiple;-as when the digits dropped are exactly a 5 or

f_..f Packaged equipment piping

Piping within the scope of B31.3

—

S

Pressure vessels;.heat
exchangers, pumps, com-
pressors and’other fluid
handling.6r processing
equipment, including in-
ternal.piping and con-
nections for external
piping

air-hardened steel: a steel that hardens during|cooling in
air from a temperature above its transformatjon range.

anneal heat treatment: see heat treatment.

arc cutting: a group of cutting processes wherein the
severing or removing of metals is effected by melting
with the heat of an arc between an electrode and the
base metal. (Includes carbon-arc cutting, netal-arc
cutting, gas metal-arc cutting, gas tungsten-arc cutting,
plasma-arc cutting, and air carbon-arc cutfing.) See
also oxygen-arc cutting.

arc welding (AW): a group of welding procg¢sses that
produces coalescence of metals by heating them with

f 1 1 1 1 1 1 1 .
a 5 OInoweu Ullly Dy 4C€IUS, LIIUUST Uldl TIIUIlly T1I d1T

even digit. See Appendix F, para. F300.1.5.
300.2 Definitions

Some of the terms relating to piping are defined below.
For welding, brazing, and soldering terms not shown here,
definitions in accordance with AWS Standard A3.0° apply.

3 AWS A3.0M/A3.0, Standard Welding Terms and Definitions,
Including Terms for Adhesive Bonding, Brazing, Soldering, Thermal
Cutting and Thermal Spraying

arrarcor-arcs, wittrorwithouttireappticatiorrof pressure
and with or without the use of filler metal.

assembly: the joining together of two or more piping
components by bolting, welding, bonding, screwing,
brazing, soldering, cementing, or use of packing
devices as specified by the engineering design.

autogenous weld: a weld made by fusion of the base metal
without the addition of filler metal [see also gas tungsten-
arc welding (GTAW)].
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automatic welding: welding with equipment that performs
the welding operation without adjustment of the controls
by an operator. The equipment may or may not perform
the loading and unloading of the work.

backing filler metal: see consumable insert.

backing ring: material in the form of a ring used to support
molten weld metal.

balanced piping system: see para. 319.2.2(a).

brazing: a metal joining process wherein coalescence is
produced by use of a nonferrous filler metal having a
melting point above 427°C (800°F), but lower than
that of the base metals being joined. The filler metal is
distributed between the closely fitted surfaces of the
joint by capillary attraction.

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

Category D: see fluid service.

base matefial: the material to be brazed, soldered, welded,
or otherwjise fused.

basic allowable stress: see stress terms frequently used.
bolt desigh stress: see stress terms frequently used.

bonded jdint: a permanent joint in nonmetallic piping
made by ¢ne of the following methods:

(a) adhesivejoint: ajoint made by applying an adhesive
to the surffaces to be joined and pressing them together

(b) butt-and-wrapped joint: a joint made by butting
together the joining surfaces and wrapping the joint
with plieq of reinforcing fabric saturated with resin

(c) hept fusion joint: a joint made by heating the
surfaces fo be joined and pressing them together to
achieve fysion

(d) hotlgasweldedjoint: ajoint made by simultaneously
heating the surfaces to be joined and a filler material with a
stream of hot air or hot inert gas, then pressing the
surfaces fogether and applying the filler material to
achieve fysion

(e) solvent cemented joint: a joint made by using.a
solvent c¢ment to soften the surfaces to be joined\and
pressing them together

(f) elertrofusion joint: a joint made by heating the
surfaces tp be joined using an electrical resistance wire
coil that lemains embedded in the joint

bonder: ope who performs a manual or semiautomatic
bonding dperation.

bonding operator: one who operates machine or automatic
bonding dquipment.

bonding grocedure: the-détailed methods and practices
involved in the production of a bonded joint.

bonding pfroceduréspecification (BPS): the document that
lists the parameters to be used in the construction of
bonded jgints+ih accordance with the requirements of
this Code!

Category M: see fluid service.

caulked joint: a joint in which suitable materjal)(or mate-
rials) is either poured or compressed by-theuise of tools
into the annular space between a bell (or hub) and §pigot
(or plain end), thus comprising the'joint seal.

chemical plant: an industrial plant for the manufactyire or
processing of chemicals, or of raw materials or intermedi-
ates for such chemicals. A~-chemical plant may include
supporting and service facilities, such as storage,
utility, and waste treatment units.

cold spring: see pafa. 319.2.4.

compression type tube fittings: tube fittings consistirg of a
flareless, mechanical grip connection, including a |body,
nut, and sirigle or dual ferrules. See also para. U3(6.6.

connéctions for external piping: those integral parts|of in-
dividual pieces of equipment that are designed for aftach-
ment of external piping.

consumable insert: preplaced filler metal that is complete-
ly fused into the root of the joint and becomes part pf the
weld.

damaging to human tissues: for the purposes of this|Code,
this phrase describes a fluid service in which expospire to
the fluid, caused by leakage under expected opefating
conditions, can harm skin, eyes, or exposed miicous
membranes so that irreversible damage may gesult
unless prompt restorative measures are taken. (Reftora-
tive measures may include flushing with water, adminis-
tration of antidotes, or medication.)

design minimum temperature: see para. 301.3.1.
design pressure: see para. 301.2.
design temperature: see para. 301.3.

designer: the person or organization in responsible charge

borescopic examination: a visual examination aided by a
mechanical or electromechanical device to examine the
inside diameter of inaccessible welds.

branch connection fitting: an integrally reinforced fitting
welded to a run pipe and connected to a branch pipe by a
buttwelding, socket welding, threaded, or flanged joint;
includes a branch outlet fitting conforming to MSS SP-97.

£+l B ring—d i1oRn.
of the-engineeringdesign:
displacement stress range: see para. 319.2.3.
elements: see piping elements.
engineering design: the detailed design governing a piping
system, developed from process and mechanical require-
ments, conforming to Code requirements, and including

all necessary specifications, drawings, and supporting
documents.

equipment connection: see connections for external piping.
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erection: the complete installation of a piping system in the
locations and on the supports designated by the engi-
neering design including any field assembly, fabrication,
examination, inspection, and testing of the system as
required by this Code.

examination, examiner: see paras. 341.1 and 341.2.

examination, types of: see para. 344.1.3 for the following:
(a) 100% examination
(b) random examination

(1) thefluidis sohighly toxicthatasingle exposure to
a very small quantity of the fluid, caused by leakage, can
produce serious irreversible harm to persons on
breathing or bodily contact, even when prompt restora-
tive measures are taken

(2) after consideration of piping design, experience,
service conditions, and location, the owner determines
that the requirements for Normal Fluid Service do not
sufficiently provide the leak tightness required to

(c)|spot examination
(d)| random spot examination

extrugled outlet header: see para. 304.3.4.

fabrigation: the preparation of piping for assembly,
including cutting, threading, grooving, forming,
bending, and joining of components into subassemblies.
Fabritation may be performed in the shop or in the field.

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

face geal fitting: a High Purity Fluid Service fitting that
incorporates two machined faces and a metallic gasket
withih an external/internal nut configuration to attain
a high leak integrity seal. See also para. U315.3(b).

filler material: the material to be added in making metallic
or nonmetallic joints.

fillet \weld: a weld of approximately triangular cross
sectipn joining two surfaces approximately at right
angles to each other in a lap joint, tee joint, or corner
joint.|(See also size of weld and throat of a fillet weld.)

flammable: for the purposes of this Code, describes a fluid
that ynder ambient or expected operating ¢onditions is a
vapor or produces vapors that can be ignited and continue
to bufn in air. The term thus may apply, depending on
servige conditions, to fluids defined for other purposes
as flammable or combustible.

fluid service: a general term concerning the application ofa
piping system, considering the combination of fluid prop-
ertied, operating conditions, and other factors that estab-
lish the basis for-désign of the piping system. See
Appendix M.

(a)| Category D Fluid Service: a fluid service in which all
of the followinhg apply:
7) the fluid handled is nonflammable, nontoxic, and
not damaging to human tissues as defined in para. 300.2

nrotact-parsannal-from—axposra
pFrotectpersonher+trem—expoesure

(c) Elevated Temperature Fluid Service: d\fllid service
in which the piping metal temperature issustajned equal
to or greater than T, as defined in Table 302.3f5, General
Note (b).

(d) High Pressure Fluid Servicesafluid servicq for which
the owner specifies the use of €hiapter IX for piping design
and construction; see also¢para. K300.

(e) High Purity Fluid\Service: a fluid sefvice that
requires alternative.niethods of fabrication, inspection,
examination, and ‘esting not covered elsewhpre in the
Code, with the intent to produce a controlled lev¢l of clean-
ness. The termi‘thus applies to piping systems defined for
other purposes as high purity, ultra high purity, hygienic,
or aseptic.

(f)*Wormal Fluid Service: a fluid service pefftaining to
mdst piping covered by this Code, i.e., not subject to the
rules for Category D, Category M, Elevated Temperature,
High Pressure, or High Purity Fluid Service.

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

fusion: the melting together of filler materiall and base
material, or of base material only, that results|in coales-
cence.

gas metal-arc welding (GMAW): an arc-welding process
that produces coalescence of metals by heafing them
with an arc between a continuous filler metal|(consum-
able) electrode and the work. Shielding is|obtained
entirely from an externally supplied gafs, or gas
mixture. Some variations of this process are dalled MIG
or CO, welding (nonpreferred terms).

gas tungsten-arc welding (GTAW): an arc-welding process
that produces coalescence of metals by heating them with
an arc between a single tungsten (nonconsumable) elec-
trode and the work. Shielding is obtained from algas or gas
mixture. Pressure may or may not be used and fjller metal

(2) the design gage pressure does not exceed 1 035
kPa (150 psi)

(3) the design temperature is not greater than 186°C
(366°F)

(4) the fluid temperature caused by anything other
than atmospheric conditions is not less than -29°C
(-20°F)

(b) Category M Fluid Service: a fluid service in which
both of the following apply:

may or may notbe used. (This process has sometimes been
called TIG welding.)

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

groove weld: a weld made in the groove between two
members to be joined.
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heat-affected zone: that portion of the base material which
has not been melted, but whose mechanical properties or
microstructure have been altered by the heat of welding,
brazing, soldering, forming, or cutting.

heat treatment: the following terms describe various types
and processes of heat treatment:

(a) annealing: heating to and holding at a suitable
temperature above the transformation temperature
range, followed by slow cooling to well below the trans-

sealed fluid-filled tubing systems furnished with instru-
ments as temperature- or pressure-responsive devices,
e.g., pressure gages, pressure transmitters, and transdu-
cers, are excluded.

in-process examination: see para. 344.7.

inspection, Inspector: see para. 340.

integrally reinforced branch connection fitting: see
branch connection fitting.

joint design: the joint geometry together with the

ragirad-dimancions—ofthawaldad i0int

formation/temperature range.

(b) nofmalizing: heating a ferrous metal to a tempera-
ture aboye the transformation temperature range,
followed |by cooling in room-temperature still air to
well beloy the transformation temperature range.

(c) quénching: when used as a part of a heat-treating
operation| a rapid cooling process that results in micro-
structurall stabilization or changes in material properties
that woulfl not have occurred without rapid cooling.

(d) recpommended or required heat treatment: the appli-
cation of leat to a metal section subsequent to a cutting,
forming, gr welding operation, as provided in para. 331.

(e) solution heat treatment: heating an alloy to a
suitable temperature, holding at that temperature long
enough td allow one or more constituents to enter into
solid soluftion, and then cooling rapidly enough to hold
the constituents in solution.

(f) stress-relief: uniform heating of a structure or
portion thereof to a sufficient temperature below the
transfornation temperature range to relieve the major
portion of the residual stresses, followed by uniform
cooling slowly enough to minimize development of
new residual stresses.

(g) tempering: reheating a hardened metal to a
temperafure below the transformatien range to
improve

(h) trdnsformation range: the temperature range over
which a phase change occurs.

(i) trapsformation temperattire:"the temperature at
which a ghase change begins or ends. In metals, phase
changes cpn be solid-stateschanges.

High Priessure Fluid Service: see fluid service.

High Pyrity Fluid Service: see fluid service.

hygienir clampd{oint: a tube outside-diameter union
consisting of two heutered ferrules having flat faces
with a cqngeéntric groove and mating gasket that is
secured with(a clamp, providing a nonprotruding, recess-

et e e eSO S Bt erata o

listed: for the purposes of this Code, describesa‘mgterial
or component that conforms to a specificatipn in
Appendix A, Appendix B, or Appendix K or'to-a stapdard
in Table 326.1, A326.1, or K326.1.
manual welding: a welding operatioh performefl and
controlled completely by hand.
may: a term that indicateS/a provision is ngither
required nor prohibited.
mechanical joint: a joint for the purpose of mechgnical
strength or leak resistance, or both, in which the mechan-
ical strength is deyeleped by threaded, grooved, rolled,
flared, or flanged\pipe ends; or by bolts, pins, toggles,
or rings; and)the leak resistance is develop¢d by
threads and compounds, gaskets, rolled ends, caullking,
or machined and mated surfaces.
mitef.0r miter bend: for the purposes of this Code, fwo or
more straight sections of pipe matched and joinedl in a
plane bisecting the angle of junction so as to produce a
change in direction greater than 3 deg.
nominal: a numerical identification of dimension, ca-
pacity, rating, or other characteristic used as a designa-
tion, not as an exact measurement.
Normal Fluid Service: see fluid service.
normalizing: see heat treatment.
notch-sensitive: describes a metal subject to reduction in
strength in the presence of stress concentration. The
degree of notch sensitivity is usually expressed as the
strength determined in a notched specimen divided by
the strength determined in an unnotched specjmen,
and can be obtained from either static or dynamic|tests.
NPS :nominal pipe size (followed, when approprigte, by
the specific size designation number without ar] inch
symbol).
orbital welding: automatic or machine welding in which
the electrode rotates (orbits) around the circumferepce of
a stationary pipe or tube.

less product contact surface. See also para. U315.3(b).

indication, linear: in nondestructive examination, an
indication having a length greater than 3 times its width.

indication, rounded: in nondestructive examination, an
indication with a length equal to or less than 3 times its
width. These indications may be circular, elliptical,
conical, or irregular in shape and may have tails.

inline portions of instruments: pressure-containing
portions of instruments that are in direct contact with
the fluid when installed in a piping system. Permanently

owner: the person, partnership, organization, or busi-
ness ultimately responsible for design, construction,
operation, and maintenance of a facility.

oxygen-arc cutting (OAC): an oxygen-cutting process
that uses an arc between the workpiece and a consumable
electrode, through which oxygen is directed to the work-
piece. For oxidation-resistant metals, a chemical flux or
metal powder is used to facilitate the reaction.
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oxygen cutting (0C): a group of thermal cutting
processes that severs or removes metal by means of
the chemical reaction between oxygen and the base
metal at elevated temperature. The necessary tempera-
ture is maintained by the heat from an arc, an oxyfuel
gas flame, or other source.

oxygen gouging: thermal gouging that uses an oxygen
cutting process variation to form a bevel or groove.

packaged equipment: an assembly of individual pieces

(f) spiral (helical seam) welded pipe: pipe having a
helical seam with a butt, lap, or lock-seam joint that is
welded using an electrical resistance, electric fusion, or
double-submerged arc welding process.

pipe-supporting elements: pipe-supporting elements
consist of fixtures and structural attachments as follows:

(a) fixtures: fixtures include elements that transfer the
load from the pipe or structural attachment to the
supporting structure or equipment. They include

5 Co ST e P e G CoTHpPrE et e Er CoTe et

piping and connections for external piping. The assembly
may be mounted on a skid or other structure prior to
delivgry.

petroleum refinery: an industrial plant for processing or
handling of petroleum and products derived directly from
petroleum. Such a plant may be an individual gasoline
recovlery plant, a treating plant, a gas processing plant
(including liquefaction), or an integrated refinery
having various process units and attendant facilities.

pipe: a pressure-tight cylinder used to convey a fluid or
to trajpsmit a fluid pressure, ordinarily designated “pipe”
in applicable material specifications. Materials designated
“tube| or “tubing” in the specifications are treated as pipe
wherl intended for pressure service. Types of pipe,
accor|ding to the method of manufacture, are defined
as follows:

(a)] electric resistance-welded pipe: pipe produced in
individual lengths or in continuous lengths from coiled
skelp and subsequently cut into individual lengths,
havinjg a longitudinal butt joint wherein coalescenee is
prodiiced by the heat obtained from resistance of the
pipe to the flow of electric current in a circuit_of which
the p]pe is a part, and by the application ¢f pressure.

(b)| furnace butt welded pipe, continuous welded: pipe
prodiiced in continuous lengths from-coiled skelp and
subsgquently cut into individual lengths, having its lon-
gitud]nal butt joint forge welded by’'the mechanical pres-
sure developed in passing-the’ hot-formed and edge-
heated skelp through a set\of round pass welding rolls.

(c)| electric-fusion welded pipe: pipe having a longitu-
dinal |butt joint whefgin coalescence is produced in the
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 e made with or without the addition of filler metal.

(d)| double submerged-arc welded pipe: pipe having a

hangingtypefixturessuch-ashangerrods, spring
hangers, sway braces, counterweights, furpbuckles,
struts, chains, guides, and anchors; and, beqring type
fixtures, such as saddles, bases, rollers, brag¢kets, and
sliding supports.
(b) structural attachmentsystructural attachments
include elements that are welded, bolted, o clamped
to the pipe, such as clipsflugs, rings, clampg, clevises,
straps, and skirts.
piping: assemblies_of piping components used to
convey, distribute, mix, separate, discharge, meter,
control, or snub ‘fluid flows. Piping also inclydes pipe-
supporting elefments, but does not include support struc-
tures, suchvas’building frames, bents, foundatidns, or any
equipmeént excluded from this Code (see paral 300.1.3).
piping components: mechanical elements suitable for
joifiing or assembly into pressure-tight fluid-¢ontaining
piping systems. Components include pipe, tubirjg, fittings,
flanges, gaskets, bolting, valves, and devices such as
expansion joints, flexible joints, pressure hoses, traps,
strainers, inline portions of instruments, and sgparators.
piping elements: any material or work requirjed to plan
and install a piping system. Elements of piping include
design specifications, materials, components,|supports,
fabrication, examination, inspection, and testing.
piping installation: designed piping systems fo which a
selected Code edition and addenda apply.
piping subassembly: a portion of a piping system that
consists of one or more piping components.
piping system: interconnected piping subjgect to the
same set or sets of design conditions.
plasma arc cutting (PAC): an arc cutting prpcess that
uses a constricted arc and removes molten metal with
a high velocity jet of ionized gas issuing|from the
constricting orifice.
postweld heat treatment: see heat treatment.
preheating: the application of heat to the base material

longitudinal buttjoint produced by atleasttwo passes, one
of which is on the inside of the pipe. Coalescence is
produced by heating with an electric arc or arcs
between the bare metal electrode or electrodes and
the work. The welding is shielded by a blanket of granular
fusible material on the work. Pressure is notused and filler
metal for the inside and outside welds is obtained from the
electrode or electrodes.

(e) seamless pipe: pipe produced by piercing a billet
followed by rolling or drawing, or both.

immediately before or during a forming, welding, or
cutting process. See para. 330.

procedure qualification record (PQR): a documentlisting
all pertinent data, including the essential variables
employed and the test results, used in qualifying the
procedure specification.

process unit: an area whose boundaries are designated
by the engineering design within which reactions, separa-
tions, and other processes are carried out. Examples of
installations that are not classified as process units are
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loading areas or terminals, bulk plants, compounding
plants, and tank farms and storage yards.

quench annealing: see solution heat treatment under
heat treatment.

quenching: see heat treatment.

readily accessible (for visual examination) : those
surfaces that can be examined from a distance of not
more than 600 mm (24 in.) and at an angle of not less
than 30 deg to the surface to be examined.

weld reinforcement.

represeftative: a person, partnership, organization, or
business @lesignated by the owner to carry out selected
responsibjlities on the owner’s behalf.

room temperature: temperature between 10°C and 38°C
(50°F and 100°F).

root opéning: the separation between the members to
be joined, at the root of the joint.

safeguayding: provision of protective measures of the
types outlined in Appendix G, where deemed necessary.
See Appendix G for detailed discussion.

seal bojnd: a bond intended primarily to provide joint
tightness pgainst leakage in nonmetallic piping.

seal weld: a weld intended primarily to provide joint
tightness pgainst leakage in metallic piping.

semiautiomatic arc welding: arc welding with equipment
that contrpls only the filler metal feed. The advance of the
welding i§ manually controlled.

severe dyclic conditions: conditions applying to specific
piping components or joints for which the owner or the
designer fetermines that construction to better resist
fatigue lgading is warranted. See Appendix F, para.
F301.10.3 for guidance on designating piping{as‘being
under sevlere cyclic conditions.

shall: afterm thatindicates a provision isa:Code require-
ment.

shielded metal-arc welding (SMAWJ): an arc welding
process that produces coalescence.of metals by heating
them with an arc between a~eovered metal electrode
and the work. Shielding is obtained from decomposition
of the ele¢trode covering, Pressure is not used and filler
metal is dbtained from the electrode.

should {a term thatindicates a provision is recommend-
ed as goof practice/but is not a Code requirement.

size of weld:

(a) fillet weld: the leg lengths (the leg length for equal-

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 temperatures and by
using a nonferrous alloy fusible at temperatures below
427°C (800°F) and having a melting point below that
of the base metals being joined. The filler metal is distrib-
uted between closely fitted surfaces of the joint by capil-
lary attraction. In general, solders are lead-tin alloys and
may—-containantimeonybismuth—and-other-elements

solution heat treatment: see heat treatment,
stress ratio: see para. 323.2.2(b).

stress relief: see heat treatment.

stress terms frequently used:

(a) basic allowable stress: this term, symbol S, fepre-
sents the stress value for any matérial' determined by the
appropriate stress basis in parar 302.3.2

(b) bolt design stress: thisiterm represents the design
stress used to determine thérequired cross-sectiongl area
of bolts in a bolted joinat

(c) hydrostatic.désign basis: selected propertfes of
plastic piping matérials to be used in accordancg with
ASTM D2837<{r'D2992 to determine the HDS [s¢e (d)
below] for the material

(d) hydrostatic design stress (HDS): the maxjmum
continuous stress due to internal pressure to bef used
in thedesign of plastic piping, determined from the hydro-
static design basis by use of a service (design) fagtor

submerged arc welding (SAW): an arc welding piocess
that produces coalescence of metals by heating them with
anarcorarcs between abare metal electrode or electrodes
and the work. The arc is shielded by a blanket of grapular,
fusible material on the work. Pressure is not used and filler
metal is obtained from the electrode and sometimeg from
a supplemental source (welding rod, flux, or metal|gran-
ules).

tack weld: a weld made to hold parts of a weldmpnt in
proper alignment until the final welds are made.
tempering: see heat treatment.

thermoplastic: a plastic that is capable of being r¢peat-
edly softened by increase of temperature and harderjed by
decrease of temperature.

thermosetting resin: a resin capable of being changed
into a substantially infusible or insoluble product when
cured at room temperature, or by application of|heat,
or by chemical means.

leg welds) of the sides, adjoining the members welded, of
the largest triangle that can be inscribed within the weld
cross section. For welds between perpendicular members,
the definitions in Figure 328.5.2A apply.

NOTE: When the angle between members exceeds 105 deg, size
is of less significance than effective throat (see also throat of a
fillet weld).

(b) groove weld: the joint penetration (depth of bevel
plus the root penetration when specified). The size of a
groove weld and its effective throat are the same.

throat of a fillet weld:

(a) theoretical throat: the perpendicular distance from
the hypotenuse of the largest right triangle that can be
inscribed in the weld cross section to the root of the joint

(b) actual throat: the shortest distance from the root of
a fillet weld to its face

(c) effective throat: the minimum distance, minus any
reinforcement (convexity), between the weld root and the
face of a fillet weld
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toe of weld: the junction between the face of a weld and
the base material.

tube: see pipe.

tungsten electrode: a nonfiller-metal electrode used in
arc welding or cutting, made principally of tungsten.

unbalanced piping system: see para. 319.2.2(b).

undercut: a groove melted into the base material adja-
cent to the toe or root of a weld and left unfilled by weld
material.

VIS al-exanmination—saanara—2344 2 1
a-exartiato—Seepatra—o T ==

weld reinforcement: weld material in excess of the speci-
fied weld size.

welder: one who performs a manual or semi-automatic
welding operation. (This term is sometimes erroneously
used to denote a welding machine.)

welding operator: one who operates machine or auto-
matic welding equipment.

welding procedure: the detailed methods and practices
involved in the production of a weldment.
ocument

weld: a localized coalescence of material wherein
coalepcence is produced either by heating to suitable
temperatures, with or without the application of pressure,
or by|application of pressure alone, and with or without
the ufe of filler material.

weld coupon: a sample weld used to determine weld
acceptance. Types of weld coupons are defined as follows:

(a)| primary weld coupon: made prior to the start of
prodiiction welding to establish a benchmark of weld
acceptance

(b)| production weld coupon: made when any of the
conditions in para. U341.4.5 exist and used to compare
againpt a corresponding primary weld coupon to demon-
stratd continued acceptability of welds during production
welding

weld coupon examination: see para. U344.8.1.

welding-procedure—specification(WRS)—the
that lists the parameters to be used in cofistfuction of
weldments in accordance with requirementsof{this Code.

weldment: an assembly whose compenent|parts are

joined by welding.

300.3 Nomenclature

Dimensional and mathemadtical symbols used in this
Code are listed in Appendix], with definitions arld location
references to each.\Uppercase and lowercage English
letters are listed alphabetically, followed by Gredek letters.

300.4 Status‘of Appendices

Tablen300.4 indicates for each Appendix of|this Code
whether' it contains Code requirements, guidance, or
supplemental information. See the first page of each
Appendix for details.
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Table 300.4 Status of Appendices in B31.3
Appendix Title Status
A Allowable Stresses and Quality Factors for Metallic Piping and Bolting Materials Requirements
B Stress Tables and Allowable Pressure Tables for Nonmetals Requirements
C Physical Properties of Piping Materials Requirements (1)
E Reference Standards Requirements
E Guidance and Precautionarv Considerations Guidance (2)
G Safeguarding Guidance (2)
H Sample Calculations for Branch Reinforcement Guidance
] Nomenclature Information
K Allowable Stresses for High Pressure Piping Requirements (3)
L Aluminum Alloy Pipe Flanges Specification (4)
M Guide to Classifying Fluid Services Guidance (2)
IN Application of ASME B31.3 Internationally Guidance (2)
Q Quality System Program Guidance (2)
R Use of Alternative Ultrasonic Acceptance Criteria Requirements (5)
S Piping System Stress Analysis Examples Guidance (2)
[V Allowable Variations in Elevated Temperature Service Guidance (2)
W High-Cycle Fatigue Assessment of Piping Systems Requirements
X Metallic Bellows Expansion Joints Requirements
Z Preparation of Technical Inquiries Requirements (5)
NOTES:
(1) Contains default requirements, to be used unless more directly applicable data are available.
(2) Contairls no requirements but Code user is responsible for cofisidering applicable items.
(3) Contains requirements applicable only when use of Chapter IX is specified.
(4) Contains pressure-temperature ratings, materials, dimexnsions, and markings of forged aluminum alloy flanges.
(5) Contains administrative requirements.

10



https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

Chapter I
Design

PART 1
CONDITIONS AND CRITERIA

301 PESIGN CONDITIONS

Parjagraph 301 states the qualifications of the Designer,
defings the temperatures, pressures, and forces applicable
to th¢ design of piping, and states the consideration that
shall be given to various effects and their consequent load-
ings. Pee also Appendix F, para. F301.

301.]
Th

Qualifications of the Designer

e Designer is the person(s) in charge of the engi-
neeripg design of a piping system and shall be experienced
in the use of this Code. The qualifications and experience
requifed of the Designer will depend on the complexity
and cfiticality of the system and the nature of the indiv-
idual’s experience. The owner’s approval is required if the
indivldual does not meet at least one of the following
criterjia:

(a)| Completion of a degree, accredited by an indepen-
dent agency [such as ABET (U.S. and international), NBA
(India), CTI (France), and CNAP (Chile)], in"engineering,
scienge, or technology, requiring the equivalént of at least
4 yr of full-time study that provides €xposure to funda-
mentpl subject matter relevant to(the design of piping
systems, plus a minimum of 5 yrof experience in the
desigh of related pressure piping.

(b)| Professional Engineering registration, recognized
by the local jurisdictiofi,;and experience in the design
of relpted pressure piping.

(c)| Completion 6f'ah accredited engineering technician
or asdociates degree, requiring the equivalent of at least 2
yr of study, plifs/a minimum of 10 yr of experience in the
desigh of/related pressure piping.

(d)| Fifteen yr of experience in the design of related

301.2 Design Pressure
301.2.1 General

(a) The design pressure of each component jn a piping
system shall be not less than the ‘pressure aff the most
severe condition of coincident/internal or external pres-
sure and temperature (minimum or maximum) expected
during service, except as-provided in para. 302.2.4.

(b) The most severeZcondition is that which| results in
the greatest required component thicknesf and the
highest component rating.

(c) Whenmiore than one set of pressure-temperature
condition® exist for a piping system, the cpnditions
governing' the rating of components confdrming to
listedstandards may differ from the conditions governing
the’yating of components designed in accordpnce with
para. 304.

(d) When a pipe is separated into individualized pres-
sure-containing chambers (including jacket¢d piping,
blanks, etc.), the partition wall shall be designed on
the basis of the most severe coincident temperature
(minimum or maximum) and differential |pressure
between the adjoining chambers expectdd during
service, except as provided in para. 302.2.4.

301.2.2 Required Pressure Containment o1l Relief

or relieve
which the
by a pres-
m a pres-

least the

(a) Provision shall be made to safely contain
(see para. 322.6.3) any expected pressure to
piping may be subjected. Piping not protected
sure-relieving device, or that can be isolated fr
sure-relieving device, shall be designed for a
highest expected pressure.

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

pressure piping:

Experience in the design of related pressure piping is
satisfied by piping design experience that includes design
calculations for pressure, sustained and occasional loads,
and piping flexibility.
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(c) The allowances of para. 302.2.4(f) are permitted,
provided that the other requirements of para. 302.2.4
are also met.

301.3 Design Temperature

The design temperature of each component in a piping
system is the temperature at which, under the coincident
pressure, the greatest thickness or highest component
rating is required in accordance with para. 301.2. (To
satisfy the requirements of para. 301.2, different
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components in the same piping system may have different
design temperatures.)

In establishing design temperatures, consider at least
the fluid temperatures, ambient temperatures, solar
radiation, heating or cooling medium temperatures,
and the applicable provisions of paras. 301.3.2,
301.3.3, and 301.3.4.

301.3.1 Design Minimum Temperature. The design
minimum temperature is the lowest component tempera-

301.4.3 Atmospheric Icing. Where the design
minimum temperature of a piping system is below 0°C
(32°F), the possibility of moisture condensation and
buildup of ice shall be considered and provisions made
in the design to avoid resultant malfunctions. This
applies to surfaces of moving parts of shutoff valves,
control valves, pressure-relief devices including discharge
piping, and other components.

301.4.4 Low Ambient Temperature. Consideration

ture expe¢ted in service. This temperature may establish
special depign requirements and material qualification re-
quirements. See also paras. 301.4.4 and 323.2.2.

301.3.2| Uninsulated Piping Components

(a) Foq fluid temperatures below 65°C (150°F), the
component temperature shall be taken as the fluid
temperatjure unless solar radiation or other effects
result in @ higher temperature.

(b) Foif fluid temperatures 65°C (150°F) and above,
unless a lpwer average wall temperature is determined
by test of heat transfer calculation, the temperature
for uninspilated components shall be no less than the
following |values:

(1) vialves, pipe, lapped ends, welding fittings, and
other components having wall thickness comparable to
that of the pipe — 95% of the fluid temperature

(2) flanges (except lap joint) including those on
fittings and valves — 90% of the fluid temperature

(3) lap joint flanges — 85% of the fluid temperature

(4) Bolting — 80% of the fluid temperature

301.3.3| Externally Insulated Piping Components.The
component design temperature shall be the fluiditempera-
ture unlesfs calculations, tests, or service experience based
on measurements support the use of another tempera-
ture. Where piping is heated or cooled-by-tracing or jack-
eting, this effect shall be considered in establishing
component design temperatures:

301.3.4{ Internally Insulated Piping Components. The
component design temperature shall be based on heat
transfer cplculations of tests.

301.4 Ambient Effects
See AppendixF, para. F301.4.
301.4.1L.Cooling— Effects-on-Pressure-Thecoolinaof

shall be given to low ambient temperature condjtions
for displacement stress analysis.

301.5 Dynamic Effects

301.5.1 Impact. Impact forces caused by exter
internal conditions (including ¢hanges in flow,
hydraulic shock, liquid or solid’slugging, flashing
geysering) shall be taken into,account in the des
piping. See Appendix F, para. F301.5.1.

301.5.2 Wind. The effect of wind loading shall be taken
into account in the/design of exposed piping. The anhlysis
considerations and loads may be as described in A$CE 7.
Authoritative Tocal meteorological data may also bg used
to define, or.refine the design wind loads.

nal or
rate,
, and
gn of

301.5:3 Earthquake. The effect of earthquake loading
shall.be taken into account in the design of piping. The
analysis considerations and loads may be as desdribed
in ASCE 7. Authoritative local seismological datd may
also be used to define or refine the design earthquake
loads.

301.5.4 Vibration. Piping shall be designed, arrgnged,
and supported to eliminate excessive and harmful gffects
of vibration that may arise from such sources as impact,
pressure pulsation, turbulent flow vortices, resonance in
compressors, external vortex shedding (e.g., wind), and
acoustically induced vibration.

301.5.5 Discharge Reactions. Piping shall be designed,
arranged, and supported so as to withstand redction
forces due to let-down or discharge of fluids.

301.6 Weight Effects

The following weight effects, combined with loads and
forces from other causes, shall be taken into accountlin the
design of piping.

a gas or vapor in a piping system may reduce the pressure
sufficiently to create an internal vacuum. In such a case,
the piping shall be capable of withstanding the external
pressure at the lower temperature, or provision shall be
made to break the vacuum.

301.4.2 Fluid Expansion Effects. Provision shall be
made in the design either to withstand or to relieve
increased pressure caused by the heating of static fluid
in a piping component. See also para. 322.6.3(b)(2).
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301.6.1 Live Loads. These loads include the weight of
the medium transported or the medium used for test.
Snow and ice loads due to both environmental and oper-
ating conditions shall be considered.

301.6.2 Dead Loads. These loads consist of the weight
of piping components, insulation, and other superimposed
permanent loads supported by the piping.
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301.7 Thermal Expansion and Contraction Effects

The following thermal effects, combined with loads and
forces from other causes, shall be taken into account in the
design of piping. See also Appendix F, para. F301.7.

301.7.1 Thermal Loads Due to Restraints. These loads
consist of thrusts and moments that arise when free
thermal expansion and contraction of the piping are
prevented by restraints or anchors.

302 DESIGN CRITERIA
302.1 General

Paragraph 302 states pressure-temperature ratings,
stress criteria, design allowances, and minimum design
values together with permissible variations of these
factors as applied to the design of piping.

302.2 Pressure-Temperature Design Criteria

301.7.2 Loads Due to Temperature Gradients. These
loadsfarise from stresses in pipe walls resulting from large
rapid|temperature changes or from unequal temperature
distripution as may result from a high heat flux through a
comparatively thick pipe or stratified two-phase flow
causing bowing of the line.

301.7.3 Loads Due to Differences in Expansion Char-
acter|stics. These loads result from differences in thermal
exparsion where materials with different thermal expan-
sion ¢oefficients are combined, as in bimetallic, lined,
jacketed, or metallic-nonmetallic piping.

301.8 Effects of Support, Anchor, and Terminal
Movements

The¢ effects of movements of piping supports, anchors,
and cpnnected equipment shall be taken into account in
the design of piping. These movements may result from
the flexibility and/or thermal expansion of equipment
supports, or anchors; and from settlement, tidal move-
ment$, or wind sway.

301.9 Reduced Ductility Effects

The¢ harmful effects of reduced ductility shall be taken
into dccount in the design of piping. The effects may, for
example, result from welding, heat treatment, forming,
bending, or low operating temperatures, including the
chilling effect of sudden loss ofpressure on highly volatile
fluids Low ambient temperatures expected during opera-
tion ghall be considered;

301.30 Cyclic Effects

Fatiigue due topressure cycling, thermal cycling, and
other] cyclie.Joadings shall be considered in the design
of piging-See Appendix F, para. F301.10.

302.2.1 Listed Components Having Esfablished
Ratings. Except as limited elsewhere in.the Cpde, pres-
sure-temperature ratings containedrin-standards for
piping components listed in Table 826.1 are gcceptable
for design pressures and temperatures in a¢cordance
with this Code. When the owner approves, provisions
of this Code may be used to_extend the pressurettempera-
ture ratings of a componentbeyond the ratings|contained
in the listed standard

302.2.2 Listed'Components Not Having
Ratings

Specific

(a) Some“of the standards for fittings in Tgble 326.1
(e.g., ASME B16.9 and B16.11) state that pressure-
temperature ratings are based on straight|seamless
pipe; Such fittings shall be rated as calculated f¢r straight
seamless pipe with the same allowable stresses as the
fitting and the nominal thickness correspondjng to the
wall thickness or class designation of the fifting, less
all applicable allowances (e.g., thread depth and|corrosion
allowance), and considering the manufacturipg under-
tolerances of the fittings and the pipe.

(b) For components with straight or spiral (helical
seam) longitudinal welded joints, the pressiire rating
as determined for seamless pipe shall be multiplied by
the weld joint strength reduction factor, W, 3s defined
in para. 302.3.5(e).

(c) Other listed components not addr
para. 302.2.1 or 302.2.2(a) shall have their
temperature ratings established in accordanc
rules in para. 304.

essed in
bressure-—
b with the

nents not
all of the

302.2.3 Unlisted Components. Piping comp
listed in Table 326.1 may be used subject to
following requirements:

(a) The material shall comply with para. 3%3.

(b) The designer shall be satisfied that the design is

301.11 Air Condensation Effects

At operating temperatures below -191°C (-312°F) in
ambient air, condensation and oxygen enrichment occur.
These shall be considered in selecting materials, including
insulation, and adequate shielding and/or disposal shall
be provided.
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suitable for the intended service.
(c) Pressure-temperature ratings shall be established
in accordance with the rules in para. 304.

302.2.4 Allowances for Pressure and Temperature
Variations. Occasional variations of pressure, tempera-
ture, or both may occur in a piping system. Such variations
shall be considered in selecting design pressure
(para. 301.2) and design temperature (para. 301.3).
The most severe coincident pressure and temperature

(20)
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shall determine the design conditions unless all of the
following criteria are met (see Appendix F, para.
F302.2.4):

(a) The piping system shall have no pressure-
containing components of gray iron or other nonductile
metal.

(b) Circumferential pressure stresses (based on
minimum pipe wall thickness, less allowances) shall
not exceed the yield strength at temperature (see
para. 30%- i 7 i -
Section II} Part D, Table Y-1).

(c) Combined stresses shall not exceed the limits estab-
lished in para. 302.3.6.

(d) Th¢g total number of pressure-temperature varia-
tions aboye the design conditions shall not exceed 1000
during the life of the piping system.

(e) In 1o case shall the increased pressure exceed the
test pressfire used under para. 345 for the piping system.

(f) Occgsional variations above design conditions shall
remain wiithin one of the following limits for pressure
design.

(1) Subject to the owner’s approval, it is permissible
to exceed|the pressure rating or the allowable stress for
pressure design at the temperature of the increased condi-
tion by ngt more than

(-a) 33% fornomorethan 10 hatanyonetimeand
no more than 100 h/y, or

(-b) 20% for no more than 50 hatany one time and
no more than 500 h/y

The gffects of such variations shall be determined by
the designjer to be safe over the service life of the piping
system by methods acceptable to the owner.((See
Appendix|V.)

(2) When the variation is self-limiting (e:g., due to a
pressure-telieving event), and lasts no moreithan 50 h at
any one time and not more than 500 h/y, it'is permissible
to exceed|the pressure rating or the allowable stress for
pressure design at the temperature'efthe increased condi-
tion by ngt more than 20%.

(g9) Theg combined effects\ef'the sustained and cyclic
variationf on the serviceability of all components in
the systerh shall have been evaluated.

(h) Temperature variations below the minimum
temperatfire shown' in Appendix A are not permitted
unless the reguirements of para. 323.2.2 are met for
the lowesf temperature during the variation.

gating the two services shall be rated for the more
severe service condition. Where multiple valves are
used (e.g., in a double block and bleed arrangement),
all of the valves shall be rated for the more severe
service condition. If the valve(s) will operate at a different
temperature due to remoteness from a header or piece of
equipment, the valve(s) (and any mating flanges) may be
selected on the basis of the different temperature.

imits
n (a),

nless

302.3.1 General. The allowable stresses defined
(b), and (c) shall be used in design calculations
modified by other provisions of this Code.

(a) Tension. Basic allowable stresses, S, in tensipn for
metals listed in Tables A-1 and A-1M, and design stresses,
S, for bolting materials listed in Tables A-2 and A-2M were
determined in accordance with‘para. 302.3.2.

In equations elsewhere in.the Code where the prppduct
SE appears, the value Sis multiplied by one of the follpwing
quality factors:

(1) castingdquality factor E. as defin
para. 302.3.3 and tabulated for various material spe
tions in Table'A-1A, and for various levels of supple
tary examination in Table 302.3.3C, or

(2).longitudinal weld joint factor E; as defifed in
302,34 and tabulated for various material specifications
and classes in Table A-1B, and for various types of fjoints
and supplementary examinations in Table 302.3.4

The stress valuesin Tables A-1, A-1M, A-2, and A-2M are
grouped by materials and product forms, and are for
stated temperatures up to the limit provided in|para.
323.2.1(a). Straight-line interpolation between tenjpera-
tures is permissible. The temperature intended |s the
design temperature (see para. 301.3).

(b) Shearand Bearing. Allowable stresses in shear shall
be 0.80 times the basic allowable stress in tension|tabu-
lated in Appendix A. Allowable stress in bearing shall be
1.60 times that value.

(c) Compression. Allowable stresses in comprgssion
shall be no greater than the basic allowable stresges in
tension as tabulated in Appendix A. Consideration| shall
be given to structural stability.

d in
bifica-
men-

(i) The application of pressures exceeding pressure—
temperature ratings of valves may under certain condi-
tions cause loss of seat tightness or difficulty of operation.
The differential pressure on the valve closure element
should not exceed the maximum differential pressure
rating established by the valve manufacturer. Such appli-
cations are the owner’s responsibility.

302.2.5 Ratings at Junction of Different Services.
When two services that operate at different pressure-
temperature conditions are connected, the valve segre-

14

! Ifa component is made of castings joined by longitudinal welds, both a
casting and a weld joint quality factor shall be applied. The equivalent
quality factor E is the product of E,, Table A-1A, and Ej, Table A-1B.
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302.3.2 Bases for Design Stresses.” The bases for
establishing design stress values for bolting materials
and basic allowable stress values for other metallic mate-
rials in this Code are specified in (a) through (d). In the
application of these criteria, the yield strength at tempera-
ture is considered to be SyRy and the tensile strength at
temperature is considered to be 1.1S7R7, where

Rr =ratio of the average temperature-dependent trend
curve value of tensile strength to the room temperature
tensil

ctrangth
StF

(c) Malleable Iron. Basic allowable stress values at
temperature for malleable iron shall not exceed the
lower of the following:

(1) one-fifth of Sy
(2) one-fifth of the tensile strength at temperature

(d) Other Materials. Basic allowable stress values at
temperature for materials other than bolting materials,
gray iron, and malleable iron shall not exceed the
lowest of the following:

-third of

ength
= ratio of the average temperature-dependent trend

value of yield strength to the room temperature
strength

= specified minimum tensile strength at room
prature

specified minimum yield strength atroom tempera-

Ry
curve
yield

St
temp

Sy=
ture

(a)| Bolting Materials. Design stress values at tempera-
ture fpr bolting materials shall not exceed the lowest of the
following:

1) at temperatures below the creep range, for
boltirlg materials whose strength has not been enhanced
by hept treatment or strain hardening, the lowest of one-
fourth of Sz, one-fourth of tensile strength at temperature,
two-thirds of Sy, and two-thirds of yield strength at
temperature

?) at temperatures below the creep range, for
bolting materials whose strength has been enhanced
by hgat treatment or strain hardening, the lowest of
one-fifth of Sy, one-fourth of the tensile strength at
tempgrature, one-fourth of Sy, and two-thirds of the
yield |strength at temperature (unless these values are
lowei than corresponding values for annealed material,
in which case the annealed values shall be used)

3) 100% of the average stress<forta creep rate of
b per 1000 h

1) 67% of the average stress-for rupture at the end
D000 h

5) 80% of minimumrstress for rupture at the end of
100000 h

(b)| Gray Iron. Basicallowable stress values at tempera-
ture for gray iron shall not exceed the lower of the
following:

7) onesténth of Sy
?) one-tenth of the tensile strength at temperature

0.019

of 10

{H—thelowerofone-third
tensile strength at temperature.
(2) exceptasprovided in (3) below, thellower of two-
thirds of Sy and two-thirds of yield strength aff tempera-
ture.
(3) for austenitic stainless-steels and nigkel alloys
having similar stress-straitv‘behavior, the[lower of
two-thirds of Sy and 90% ofyield strength at tepnperature
[see (e)].
(4) 100% of the average stress for a crepp rate of
0.01% per 1000 ke
(5) for temperatures up to and including 815°C
(1,500°F), 67%. of the average stress for ruptpure at the
end of 1000000 h.
(6)-for temperatures higher than 815°C [1,500°F),
(100%%F,y4)% times the average stress for fupture at
thé’end of 100000 h. F,,, is determined [from the
slope, n, of the log time-to-rupture versus Jog stress
plot at 100000 h such that log F,ys = 1/n. [F,yg shall
not exceed 0.67.
(7) 80% ofthe minimum stress for rupturé
of 100000 h.

For structural grade materials, the basic
stress shall be 0.92 times the lowest value d
in (1) through (7).

(e) Application Limits. Application of strdss values
determined in accordance with (d)(3) is not re¢ommend-
ed for flanged joints and other components in which slight
deformation can cause leakage or malfunction.

(1) These values are shown in italics or Holdface in
Table A-1, as explained in Note (4a) to Appendix A Tables.
Instead, either 75% of the stress value in Table A-1 or two-
thirds of the yield strength at temperature listed in ASME
BPVC, Section II, Part D, Table Y-1 should be psed.

(2) Stress values determined in accordance with
(d)(3) are not identified in Table A-1M. See Note (4b)
to Appendix A. When using Table A-1M, twd-thirds of

attheend

hllowable
btermined

2 These bases are the same as those for ASME BPVC, Section I1I, Class 1
materials, given in ASME BPVC, Section 1], Part D. Stress values in B31.3,
Appendix A, at temperatures below the creep range generally are the
same as those listed in ASME BPVC, Section II, Part D, Tables 2A and 2B,
and in Table 3 for bolting, corresponding to those bases. They have been
adjusted as necessary to exclude casting quality factors and longitudinal
weld joint quality factors. Stress values at temperatures in the creep
range generally are the same as those in ASME BPVC, Section II, Part
D, Tables 1A and 1B, corresponding to the bases for ASME BPVC,
Section VIII, Division 1.

15

the yield strength at temperature Tisted in ASME BPVC,
Section II, Part D, Table Y-1 should be used.

302.3.3 Casting Quality Factor, E.

(a) General The casting quality factors, E., defined
herein shall be used for cast components not having pres-
sure-temperature ratings established by standards in
Table 326.1.
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Table 302.3.3C Increased Casting Quality Factors, E.

Supplementary Examination

in Accordance With Note(s) Factor, E,
(€))] 0.85
(2)(a) or (2)(b) 0.85
(3)(@) or (3)(b) 0.95
(1) and (2)(a) or (2)(b) 0.90
(1) and (3)(a) or (3)(b) 1.00
(2)(a) or (2)(b) and (3)(a) or (3)(b) 1.00

(b) Basic Quality Factors. Castings of gray and malle-
able iron, conforming to listed specifications, are assigned
a basic casting quality factor, E., of 1.00 (due to their
conservative allowable stress basis). For most other
metals, static castings that conform to the material spec-
ification and have been visually examined as required by
MSS SP-55, Quality Standard for Steel Castings for Valves,
Flanges and Fittings and Other Piping Components —
Visual Method, are assigned a basic casting quality

cactingc that

GENERAL NOTE: Titles of standards referenced in this Table’s Notes
are as folloys:

ASME B46.1 Surface Texture (Surface Roughness, Waviness
and Lay)
ASTM E94 Guide for Radiographic Examination Using Indus-
trial Radiographic Film
ASTM E114 Practice for Ultrasonic Pulse-Echo Straight-Beam
Contact Testing
ASTM E165 Practice for Liquid Penetrant Testing for General
Industry
ASTM E709 Guide for Magnetic Particle Testing
MSS §P-53 Quality Standard for Steel Castings and Forgings
for Valves, Flanges, Fittings, and Other Piping
Components — Magnetic Particle Examination
Method
MSS §P-93 Quality Standard for Steel Castings and Forgings
for Valves, Flanges, Fittings, and Other Piping
Components — Liquid Penetrant Examination
Method
NOTES:

(1) Maching all surfaces to a finish of 6.3 pum R, (250 pin. R, in accor-
dance yvith ASME B46.1), thus increasing the effectiveness_of
surface|examination.

(2)

(a) Bxamine all surfaces of each casting (ferromagnetic\material
only) by the magnetic particle method in accordance‘with ASTM
E709. Jiidge acceptability in accordance with MS§ _SP-53, Table 1.

(b) Bxamine all surfaces of each casting by theliquid penetrant
methoIin accordance with ASTM E165. Judge acceptability in
accorddnce with SP-93, Table 1.

(3

(a) Fully examine each casting ultrasonically in accordance with
ASTM EJ1 14, accepting a casting only ifthere is no evidence of depth
of defedts in excess of 5% of wallthickness.

(b) Fully radiograph eachcasting in accordance with ASTM E94.
Judge In accordance with the stated acceptance levels in
Table 3p2.3.3D.

fn ctor of 080

actorEof 0-80—Centrifugal-castingsthat-meet-specifi-
cation requirements only for chemical analysis, tgnsile,
hydrostatic, and flattening tests, and visual examination
are assigned a basic casting quality factor‘of-0.80.|Basic
casting quality factors are tabulated for listed spetifica-
tions in Table A-1A.

(c) Increased Quality Factors. Casting quality factors
may be increased when supplementary examingtions
are performed on each casting. Table 302.3.3C jtates
the increased casting quality factors, E., that mpy be
used for various combinations of supplementary exami-
nation. Table 302.3.3DJstates the acceptance criteifia for
the examinationmeéthods specified in the Notes to [Table
302.3.3C. Quality factors higher than those shown in[Table
302.3.3C do.not result from combining tests (2)(q) and
(2)(b), or<3)(a) and (3)(b). In no case shall the guality
factor_éxceed 1.00.

Several of the specifications in Appendix A require
machining of all surfaces and/or one or more of [these
supplementary examinations. In such cases, the appro-

priate increased quality factor is shown in Table A-1A.

302.3.4 Weld Joint Quality Factor, E;

(a) Basic Quality Factors. The weld joint quality fdctors,
Ej, tabulated in Table A-1B are basic factors for straight or
spiral (helical seam) welded joints for prespure-
containing components as shown in Table 302.3.4

(b) Increased Quality Factors. Table 302.3.4 alsg
cates higher joint quality factors that may be substjtuted
for those in Table A-1B for certain kinds of welds ifladdi-
tional examination is performed beyond that requited by
the product specification.

indi-

302.3.5 Limits of Calculated Stresses Dtie to
Sustained Loads and Displacement Strains

ernal
ness

(a) Internal Pressure Stresses. Stresses due to in
pressure shall be considered safe when the wall thic
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of the piping component, including any reinforcement,
meets the requirements of para. 304.

(b) External Pressure Stresses. Stresses due to external
pressure shall be considered safe when the wall thickness
of the piping component, and its means of stiffening, meet
the requirements of para. 304.

(c) Stresses Due to Sustained Loads, S;. The stresses due
to sustained loads, S;, in any componentin a piping system
(see para. 320), shall not exceed S, where S}, is the basic
allowable stress provided in Table A-1 or Table A-1M at
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Table 302.3.3D Acceptance Levels for Castings

For egs. (1a) and (1b)
f = stress range factor,® calculated by eq. (1c)*

Material Acceptance
poamined, Applcble level or_ hecoptatle f seeFigne 30235) = 60N ™2 <5, (19
Steel ASTM E446 1 Types A, B, C
{fmz)s mm fn = ;naximum value cl)f stre;s rangef fagtor; 1.2 for
errous materials with specified minimum
Steel ASTM E446 2 Types A B, C tensile strengths <517 MPa (75 ksi) and at
2; Ziurfm' metal temperatures <371°C (700°F); otherwise
(2 i) fm =10
Steel ASTM E186 2 Categories A, B, C N = equivalent number of full displdcement cycles
7> b1 mm, duringsthe expected service {dife’of the piping
< 114 mm system
(4% in) S. = basic allowable stress®™at minimym metal
Steel ASTM E280 2 Categories A, B, C temperature expected)during the displacement
T> 114 mm, cycle under analysis
< 305 mm = 138 MPa (20 ksi)\maximum
(12 n.) S, = basic allowabte' stress® at maximym metal
Alumigum and ~ ASTM E155 Shown in reference temperature\expected during the displacement
magnesium radiographs cycle under analysis
Coppef, Ni-Cu  ASTM E272 2 Codes A, Ba, Bb = 138 MPa (20 ksi) maximum
Bronzg ASTM E310 2 Codes A and B

GENERAL NOTE: Titles of ASTM standards referenced in this Table
are as|follows:

E155 Reference Radiographs for Inspection of Aluminum and
Magnesium Castings

E186 Reference Radiographs for Heavy-Walled (2 to 4-Y%-in,
(50.8 to 114 mm)) Steel Castings

EZ472 Reference Radiographs for High-Strength Copper-Base
and Nickel-Copper Alloy Castings

EZ80 Reference Radiographs for Heavy-Walled (4-%-+o0 12 in.
(114 to 305 mm)) Steel Castings

E310 Reference Radiographs for Tin Bronze ‘Castings

E446 Reference Radiographs for Steel Castirigs Up to 2 in. (50.8
mm) in Thickness

the metal temperature for.theloperating condition being
consigered.

(d)| Allowable Displacement Stress Range, S,. The
computed displacément stress range, Sg, in a piping
system (see para~319.4.4) shall not exceed the allowable
displacement'Stress range, S, (see paras. 319.2.3 and
319.3/4), ealculated by eq. (1a)

Sq = f(1.25S, + 0.25Sp,) (1a)

S, = stress/due to sustained loads; in systems where
supports may be active in some condjtions and
Inactive in others, the maximum|value of
sustained stress, considering all suppprt condi-
tions, shall be used

When the computed stress range varies, whether
from thermal expansion or other conditipns, Sg is
defined as the greatest computed displacemgnt stress
range. The value of N in such cases can be ¢alculated

by eq. (1d)
N=NE+Z(n51\Ii)fori=1, 2 .., n (1d)

N g = number of cycles of maximum comjputed dis-
placement stress range, Sg

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

ri=58;/Sg

S ; = any computed displacement strgss range

smaller than Sg

When the total number of significant stress cyfles due to
allcausesexceeds 100 nnn’ andoarith the owner” approval'

When S, is greater than S, the difference between
them may be added to the term 0.25S, in eq. (1a). In
that case, the allowable stress range is calculated by

eq. (1b)
SA =f[1.25(SC + Sh) - SL] (1b)

the designer may elect to apply the alternative fatigue

3 Applies to essentially noncorroded piping. Corrosion can sharply
decrease cyclic life; therefore, corrosion resistant materials should
be considered where alarge number of major stress cycles is anticipated.

*The minimum value for fis 0.15, which results in an allowable dis-
placement stress range, Sy, for an indefinitely large number of cycles.

® The designer is cautioned that the fatigue life of materials operated at
elevated temperature may be reduced.

% For castings, the basic allowable stress shall be multiplied by the
applicable casting quality factor, E.. For longitudinal welds, the basic
allowable stress need not be multiplied by the weld quality factor, E;.
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Table 302.3.4 Longitudinal Weld Joint Quality Factor, E;

Type of Factor,
No. Type of Joint Seam Examination E;
1 | Furnace butt weld, Straight As required by listed specification 0.60
continuous weld Q [Note (1)]
2 | Electric resistance Straight or spiral (helical seam) | As required by listed specification 0.85
weld Q [Note (1)]
3 | Electric fusion weld
(a) Yingle butt weld Straight or spiral (helical seam) | As required by listed specification or .80
this Code
(witlh or without filler Additionally spot radiographed inf Q.90
metal) % accordance with para. 341.571
Additionally 100% radiographed in 1.00
accordance with para«344.5.1 and
Table 341.3.2
(b) Double butt weld Straight or spiral (helical seam) | As required by listed, specification .85
(exceptas provided in 4 below) or this Code
(with or without filler Additionallyispot radiographed in 90
metal) accordance with para. 341.5.1
Additionally 100% radiographed in 1.00
accordance with para. 344.5.1 and
Table 341.3.2
4 | Specffic specification
API 5L, electric fusion Straight (with one or two As required by specification Q.95
we¢ld, double butt seams) or spiral (helicalseam) Additionally 100% radiographed in 1.00
Sepm accordance with para. 344.5.1
and Table 341.3.2

NOTE: (1) [t is not permitted to increase the joint quality factor by additional examination for joint 1 or 2.

assessment rules in Appendix W to satisfy the displace-
ment strefs range requirements of this paragraphand of
para. 319} A significant stress cycle is defined in para.
W300. When the alternative rules of Appendix W are
applied, the calculations shall be documented in the engi-
neering dpsign.

(e) WeldjointStrength ReductionFactor, W. At elevated
temperatyres, the long-term strength of weld joints may
be lower than the long-term:strength of the base material.

The weld joint strengthdaeduction factor, W, is the ratio
of the nonpinal stress to.cause failure of a weld joint to that
of the cofresponding base material for an elevated
temperature condition of the same duration. It only
applies gt weld locations in longitudinal or spiral
(helical sqam) welded piping components. The designer

W is equal to 1.0 when evaluating occasional loadk, e.g.,
wind and earthquake, or when evaluating permigsible
variations in accordance with para. 302.2.4. Appli¢ation
of Wis notrequired when determining the pressure rating
for the occasional load or permissible variation condition.
It is also not required when calculating the alloyable
stress range for displacement stresses, Sy, in (d).

For other than occasional loads or permissible yaria-
tions, W shall be in accordance with Table 3(2.3.5
except as provided in (f).

(f) Alternative Weld Strength Reduction Factors. A weld
strength reduction factor other than that listed in
Table 302.3.5 may be used in accordance with dne of
the following criteria:

(1) Creep test data may be used to determine the

is responsible for the application of weld joint strength
reduction factors to other welds (e.g., circumferential).

When determining the required wall thickness for
internal pressure in accordance with para. 304, for
each coincident operating pressure-temperature condi-
tion under consideration, the product of the basic allow-
able stress and the applicable weld quality factor, SE, shall
be multiplied by W.

weld joint strength reduction factor, W. However, the
use of creep test data to increase the factor W above
that shown in Table 302.3.5 is not permitted for the
CrMo and Creep Strength Enhanced Ferritic (CSEF)
steels materials, as defined in Table 302.3.5. Creep
testing of weld joints to determine weld joint strength
reduction factors, when permitted, should be full thick-
ness cross-weld specimens with test durations of at
least 1000 h. Full thickness tests shall be used unless
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Figure 302.3.5 Stress Range Factor, f
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----- Ferrous materials, specified minimum tensilé.strength =517 MPa (75 ksi),
and at design metal temperatures =374°C (700°F)

the dpsigner otherwise considers effects such as stress
redisfribution across the weld.

() With the owner’s approval, extensive stieeessful
expetfience may be used to justify the factor / above that
shown in Table 302.3.5. Successful experience must
inclugle same or like material, weld mietal composition,
and welding process under equivalént, or more severe,
sustajned operating conditions.

302.3.6 Limits of Calculated Stresses Due to Occa-
sional Loads

(a)| Operation. Stresses due to occasional loads may be
calculated using the'equations for stress due to sustained
loads|in para. 320:2.

({1) Subjectto the limits of para. 302.2.4, the sum of
the stiresses due to sustained loads, such as pressure and
weight[S;,"and of the stresses produced by occasional

surge, extreme wind, or earthquake, may be taken as the
lowest of the following:
(-a) the weld strength reduction factor §imes 90%
of the yield strength at the metal temperature fof the occa-
sional condition being considered
(-b) four times the basic allowable stress provided
in Appendix A
(-c) for occasional loads that exceed 10 h over the
life of the piping system, the stress resulting|in a 20%
creep usage factor in accordance with Appendix V
For (-a), the yield strength shall be as listel in ASME
BPVC, Section II, Part D, Table Y-1 or determinefl in accor-
dance with para. 302.3.2. The strength reductiion factor
represents the reduction in yield strength with long-
term exposure of the material to elevated tenperatures
and, in the absence of more-applicable data, shall be taken
as 1.0 for austenitic stainless steel and 0.8 for other mate-

rials

loadb, buL‘ll dS Willd dlld cdl thudkﬁ, b‘lldﬂ ITOU U)&LCCL‘[
1.33 times the basic allowable stress provided in Table
A-1 or Table A-1M at the metal temperature for the occa-
sional condition being considered. Wind and earthquake
forces need not be considered as acting concurrently.
(2) For Elevated Temperature Fluid Service (see
definition in para. 300.2) of materials having ductile beha-
vior, as an alternative to the use of 1.33 times the basic
allowable stress provided in Table A-1 or Table A-1M, the
allowable stress for occasional loads of short duration, e.g.,

For (-b), the basic allowable stress for castings shall
also be multiplied by the casting quality factor, E.. Where
the allowable stress value exceeds two-thirds of yield
strength at temperature, the allowable stress value
must be reduced as specified in para. 302.3.2(e).

(b) Test. Stresses due to test conditions are not subject
to the limitations in para. 302.3. It is not necessary to
consider other occasionalloads, e.g., wind and earthquake,
as occurring concurrently with test loads.

19


https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

302.4 Allowances

In determining the minimum required thickness of a
piping component, allowances shall be included for corro-
sion, erosion, and thread depth or groove depth. See defi-

equivalent) shall apply. For machined surfaces or
grooves where the tolerance is not specified, the
tolerance shall be assumed to be 0.5 mm (0.02 in.)
in addition to the specified depth of the cut.

. ) D = outside diameter of pipe as listed in tables of stan-
nition for c in para. 304.1.1(b). dards or specifications or as measured
302.5 Mechanical Strength d = inside d'iameteriof.pipe: For pressure d'esig.n
calculation, the inside diameter of the pipe is
(a) Designs shall be checked for adequacy of mechan- the maximum value allowable under the purchase
ical strength-underapplicabletoadings—Whenneeessary speeification-
the wall thickness shall be increased to prevent overstress, E = quality factor from Table A-1A or Tablé Ar1B
damage, collapse, or buckling due to superimposed loads P = internal design gage pressure
from supports, ice formation, backfill, transportation, S = stress value for material from Table /A-1 or(Table
handling, for other loads enumerated in para. 301. A-1M
(b) Whkre increasing the thickness would excessively T = pipe wall thickness (measured or minimyim in
increase lpcal stresses or the risk of brittle fracture, or is accordance with the purchase specificatiof)
otherwise impracticable, the impact of applied loads may t = pressure design thicknéss, as calculated in gccor-
be mitigated through additional supports, braces, or other dance with para. 304:1\2 for internal pressijire or
means without requiring an increased wall thickness. Par- as determined in.dacéordance with para. 304.1.3
ticular cophsideration should be given to the mechanical for external ptessure
strength of small pipe connections to piping or equipment. tn, = minimum yequired thickness, including mechan-
ical, corresion, and erosion allowances
W = weldjoint’strength reduction factor in accorflance
PART 2 with\para. 302.3.5(e)
PRESSURE DESIGN OF PIPING COMPONENTS Y = Ccaeefficient from Table 304.1.1, valid for t ¢ D/6

303 GENERAL

Components manufactured in accordance with stan-
dards listed in Table 326.1 shall be considered suitable
for use af| pressure-temperature ratings in accordanee
with pard. 302.2.1 or 302.2.2, as applicable. The rules
in para. 3P4 are intended for pressure design of‘compo-
nents not|covered in Table 326.1, but may be used for a
special ormore-rigorous design of such components, or to
satisfy refjuirements of para. 302.2.2. Designs shall be
checked for adequacy of mechanical stfength as described
in para. 3p2.5.

304 PRESSURE DESIGN QF COMPONENTS
304.1 Straight Pipe
304.1.1

(a) Th¢g required+thickness of straight sections of pipe
shall be detefmined in accordance with eq. (2)

t,=t+c

General

(2)

and for materials shown. The value of Y may be

interpolated for intermediate temperatures For t
= D/6,

o4t

D+d+ 2

304.1.2 Straight Pipe Under Internal Pressure

(a) For t < D/6, the internal pressure design thickness
for straight pipe shall be not less than that calculated in
accordance with either eq. (3a) or eq. (3b)

PD

t=——— (321)
2(SEW + PY)

P(d + 2¢)

= (3b)
2[SEW — P(1 — Y)]

The minimum thickness, T, for the pipe selected,
considering manufacturer’s minus tolerance, shall be
not less than ¢,

(b) The following nomenclature is used in the equa-
tions for pressure design of straight pipe:

¢ = sum of the mechanical allowances (thread or

groove depth) plus corrosion and erosion allow-

ances. For threaded components, the nominal

thread depth (dimension h of ASME B1.20.1, or

20

(b) Fort=D/6 or for P/SE > 0.385, calculation of pres-
sure design thickness for straight pipe requires special
consideration of factors such as theory of failure,
effects of fatigue, and thermal stress.

304.1.3 Straight Pipe Under External Pressure. To
determine wall thickness and stiffening requirements
for straight pipe under external pressure, the procedure
outlined in ASME BPVC, Section VIII, Division 1, UG-28
through UG-30 shall be followed, using as the design
length, L, the running centerline length between any
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Table 304.1.1 Values of Coefficient Y for t < D/6

Temperature, °C (°F)

482 (900) 510 538 566 593 621 649 677 (1,250)
Material and Below (950) (1,000) (1,050) (1,100) (1,150) (1,200) and 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 alloys 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.7
UNS Nos. N06617,
N08800, N08810,
andN08825
Gray ifon 0.0
Other [ductile metals 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
two dections stiffened in accordance with UG-29. As an — 4(Ry/D)+71 3e)
excegtion, for pipe with D,/t < 10, the value of S to be 4(Ry/D) M 2
used |n determining P,; shall be the lesser of the following
valuep for pipe material at design temperature: and at the sidewall onthe bend centerline radiyus, I = 1.0,
(a)| 1.5 times the stress value from Table A-1 or Table and where
A-1M| of this Code, or R; = bend radius of welding elbow or pipg bend
(b)] 0.9 times the yield strength tabulated in ASME
BPV({ Section II, Part D, Table Y-1 for materials listed Thickness,variations from the intrados to the¢ extrados
thereln and along<the length of the bend shall be grddual. The

(TH

e symbol D, in ASME BPVC, Section VIl is equivalent

to D in this Code.)

304.2 Curved and Mitered Segments of Pipe

304.2.1 Pipe Bends. The minimum required thickness,

ty Of]
deter

wher

and a

a bend, after bending, in its finished form, shall be
mined in accordance with eqs. (2) and (3¢)

PD

t= (3C)
2[(SEW/I) + PY]
b at the intrados (inside bend.radius)
— 4(R1/D) = (3d)
4(R;/D). =2

t the extrados (outside bend radius)

Figure 304.2.1 Nomenclature for Pipe Bends

an of the
centerline
ents shall
304.1 for

thickness requirements apply at the mid-sg
bend,y/2, at the intrados, extrados, and bend
radius. The minimum thickness at the end tang
not be less than the requirements of para.
straight pipe (see Figure 304.2.1).

304.2.2 Elbows. Manufactured elbows notf in accor-
dance with para. 303 shall be qualified as rejquired by
para. 304.7.2 or designed in accordance with para.
304.2.1, except as provided in para. 328.4.2(b))(6).

leg or less
gn consid-
" pressure
ven in (a)

304.2.3 Miter Bends. An angular offset of 3
(angle ain Figure 304.2.3) does not require desi
eration as a miter bend. Acceptable methods fo
design of multiple and single miter bends are g
and (b) below.

(a) Multiple Miter Bends. The maximum
internal pressure shall be the lesser value
from egs. (4a) and (4b). These equations are n
ble when 6 exceeds 22.5 deg.

hllowable
alculated
t applica-

] (4a)

. =SEW(T—C){ T-c
m \(T—¢) + 0.643tan 0/ (T T o)

b

i
i
i
i
i
i
Intrados —}—\
i
i

i
i

Extrados

p _ SEW(T —¢)

m

Ri—n
Rl - 0.51"2

(4b)

n

(b) Single Miter Bends
(1) The maximum allowable internal pressure for a
single miter bend with angle 8 not greater than 22.5 deg
shall be calculated by eq. (4a).

23
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Figure 304.2.3 Nomenclature for Miter Bends

For compliance with this Code, the value of R, shall be

not less than that given by eq. (5)
A D
tan @

R
1 2

where A has the following empirical values:
(1) For SI units

l— R
-b/n\

(T —¢), mm A
<13 25
13<(T—¢)<22 2(T —¢)
>22 [2(T — ¢)/3] +,-30

(2) For U.S. Customary units

(T —¢), in. A
<0.5 1.0
0.5 < (T—c¢) <088 2(T - o)
>0.88 [2(T - ¢)/3] + 1.17

(5

304.2.4 Curved and‘Mitered Segments of Pipe Under

External Pressure, The wall thickness of curve
mitered segments\of pipe subjected to external pre

l and
ssure

may be detefmined as specified for straight pipe in

para. 304.1.3:

304.3.(Branch Connections
304.3.1 General

(a) Except as provided in (b) below, the requirements

in paras. 304.3.2 through 304.3.4 are applicable {
following branch connections:

(1) fittings (tees, extruded outlets, branch
fittings in accordance with MSS SP-97, laterals, cr

(2) couplings not larger than DN 80 (NPS 3
unlisted cast or forged branch connection fitting
para. 300.2) attached to the run pipe by welding

(3) welding the branch pipe directly to the run
with or without added reinforcement, as coven
para. 328.5.4

(b) The rules in paras. 304.3.2 through 304.3

minimum requirements, valid only for branch conne
in which (using the nomenclature of Figure 304.3

(1) the run pipe diameter-to-thickness ratio ([}
isless than 100 and the branch-to-run diameter rati
Dy) is not greater than 1.0

(2) for run pipe with D,/T, = 100, the bi

o the

utlet
sses)
) and
(see

pipe,
ed in

4 are
rtions
3)

1w/ Th)
b (Dy/

anch

(2) The maximum allowable internal pressure for a
single miter bend with angle 0 greater than 22.5 deg shall
be calculdted by eq. (4c)

B = SEW (T — ) T-c¢ 40
) (T —¢) + 125tan 0/ry(T — ¢)

(c) The miter pipe wall thickness, T, used in egs. (4a),
(4b), and {4c) shall extend a distance not less than M fiem
the insidg crotch of the end miter welds where

M = thie larger of 2.5(r,T)*° or tan 6 (R; - 'rp)

The length of taper at the end of the miter pipe may be
included in the distance, M.

(d) The following nomenclatur€ is-used in eqgs. (4a),
(4b), and |(4c) for the pressure (design of miter bends:

¢ = shme as defined in para. 304.1.1

E = spme as defined ifivpara. 304.1.1

P,, = mpaximum allowadble internal pressure for miter

ends

R, = effectivevadius of miter bend, defined as the

shortestidistance from the pipe centerline to
the.ihtersection of the planes of adjacent
iter jninfc
r, = mean radius of pipe using nominal wall T
S = same as defined in para. 304.1.1
T = miter pipe wall thickness (measured or minimum
in accordance with the purchase specification)
W = same as defined in para. 304.1.1
a = angle of change in direction at miter joint
= 26
6 = angle of miter cut

24

diameter, D,, is Tess than one-half the run diameter, D,

(3) angle f is at least 45 deg

(4) theaxisofthe branchintersects the axis of the run
(c) Where the provisions of (a) and (b) above are not
met, pressure design shall be qualified as required by para.

304.7.2.

(d) Other design considerations relating to branch

connections are stated in para. 304.3.5.

(20)
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304.3.2 Strength of Branch Connections. A pipe
having a branch connection is weakened by the
opening that must be made in it and, unless the wall thick-
ness of the pipe is sufficiently in excess of that required to
sustain the pressure, it is necessary to provide added re-
inforcement. The amount of reinforcement required to
sustain the pressure shall be determined in accordance
with para. 304.3.3 or 304.3.4. There are, however,
certain branch connections that have adequate pressure
strength

2.5(T, - c) or 2.5(Tp - c) + T,, whichever is less
branch pipe thickness (measured or minimum in
accordance with the purchase specification)
except for branch connection fittings (see
para. 300.2). For such connections the value of
T, for use in calculating L,, d,, and A3 is the thick-
ness of the reinforcing barrel (minimum per
purchase specification), provided that the

barrel thickness is uniform (see Figure
K328-5-4)-and-extends—atteastto—the L, limit

th-erreinforeementas—eonstructed—tmaybe
assurhed without calculation that a branch connection
has aglequate strength to sustain the internal and external
presspre that will be applied to it if

(a)| the branch connection is made with a listed branch
type flitting such as an ASME B16.9 or ASME B16.11 tee, or
MSS $P-97 branch connection fitting. See para. 303.

(b)| the branch connection is made by welding a listed
threafled or socket welding coupling or listed half coupling
directly to the run in accordance with para. 328.5.4,
provifed the size of the branch does not exceed DN 50
(NPS[2) nor one-fourth the nominal size of the run.
The rhinimum wall thickness of the coupling anywhere
in the¢ reinforcement zone (if threads are in the zone,
wall thickness is measured from root of thread to
minithum outside diameter) shall be not less than that
of theg unthreaded branch pipe. In no case shall a coupling
or half coupling have aratingless than Class 3000 in accor-
dancg with ASME B16.11.

(c)|the branch connection utilizes an unlisted branch
conngction fitting (see para. 300.2), provided the fitting is
made|from materials listed in Table A-1 or Table A; 1M and
provided that the branch connection is gqualified as
requifed by para. 304.7.2.

304.3.3 Reinforcement of Welded‘Branch Connec-

T Z OO+ Ty €2cceT O—tth

(see Figure 304.3.3).

minimum thickness of reinforcing,ring
made from pipe (use nominal thickne
from plate)

= 0 if there is no reinforcing'ring or saddle
pressure design thickness of pipe, ac¢ording to
the appropriate wallthickness equation or proce-
dure in para. 304:1. For welded pipe,|when the
branch does not intersect the longitudinal
weld of the run, the basic allowable]| stress, S,
for the pipe may be used in determining ¢, for
the purpose of reinforcement calculdtion only.
Whent the branch does intersect the lopgitudinal
weld of the run, the product SEW (of [the stress
value, S; the appropriate weld joint quality factor,
E;, from Table A-1B; and the weld joinit strength
reduction factor, W; see para. 302.3.5) for the run
pipe shall be used in the calculation. The product
SEW of the branch shall be used in calqulating ¢,
smaller angle between axes of branchl and run

or saddle
5s if made

ﬁ:

forcement
r internal

(b) Required Reinforcement Area. The rein
area, A4, required for a branch connection undg
pressure is

tions, Added reinforcement is required to meet the Ay = tyd (2 — sin ) (6)
criterfain (b) and (c) when it is nof inhierent in the compo-
nents| of the branch connectiofi., Sample problems illus- For a branch connection under external pressufe, area A;
tratirfg the calculations fof branch reinforcement are is one-half the area calculated by eq. (6), using as t, the
showh in Appendix H. thickness required for external pressure.
(a)| Nomenclature,The nomenclature below is used in (c) Available Area. The area available for feinforce-
the pyessure design-efbranch connections. It is illustrated ment is defined as
in Figure 304.3.3,which does not indicate details for Ay + A3+ Ay > A (6a)
constfruction @r welding. Some of the terms defined in
Appendix Jare'subject to further definitions or variations, These areas are all within the reinforcement zohe and are
as follows: further defined below.
b |l=subscript referring to hranch (1) Area A- is the area resulting from exdess thick-
d; = effective length removed from pipe at branch. For ness in the run pipe wall
branch intersections where the branch opening is Ay = (2dy — d)(Tj, — t}, — ©) (7)
a projection of the branch pipe inside diameter
(e.g., pipe-to-pipe fabricated branch), d; = [D, (2) Area Az is the area resulting from excess thick-
. _hzl(fTb _dc})1]/sin B . ness in the branch pipe wall
> = “half width” of reinforcement zone .
= dqy or (Tp - ¢) + (Ty - ¢) + d1/2, whichever is Ay = 2L4(Ty = tp = ¢)/sin ®)
greater, but in any case not more than D,
h = subscript referring to run or header
L4 = height of reinforcement zone outside of run pipe

25
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If the allowable stress for the branch pipe wall is less than
that for the run pipe, its calculated area must be reduced in
the ratio of allowable stress values of the branch to the run
in determining its contributions to area A4s.

(3) Area A, is the area of other metal provided by
welds and properly attached reinforcement. [See (f).]
Weld areas shall be based on the minimum dimensions
specified in para. 328.5.4, except that larger dimensions

may be used if the welder has been specifically instructed
to make the—welds—te-these-dirmensions

(b) The rules in this paragraph are minimum require-
ments, valid only within the limits of geometry shown in
Figure 304.3.4, and only where the axis of the outlet inter-
sects and is perpendicular to the axis of the header. Where
these requirements are not met, or where nonintegral
material such as a ring, pad, or saddle has been added
to the outlet, pressure design shall be qualified as required
by para. 304.7.2.

(c¢) Nomenclature. The nomenclature used herein is il-

luctratad 39 Eignen 204 2 A4 Naotra tha yuca of a!I]r\arvi t x
rHStFate e HTgHre S va3-a—rvote—+teH5e-e+-S5uasqr1p

He—W-eTras—to0—n o5t eSO sT

(d) Reipforcement Zone. The reinforcement zone is a
parallelogram whose length extends a distance, d,, on
each side¢ of the centerline of the branch pipe and
whose wjdth starts at the inside surface of the run
pipe (in its corroded condition) and extends beyond
the outsifde surface of the run pipe a perpendicular
distance, L.

(e) Myltiple Branches. When two or more branch
connectiops are so closely spaced that their reinforcement
zones overlap, the distance between centers of the open-
ings should be at least 1% times their average diameter,
and the ailea of reinforcement between any two openings
shall be npt less than 50% of the total that both require.
Each operling shall have adequate reinforcement in accor-
dance with (b) and (c). No part of the metal cross section
may apply to more than one opening or be evaluated more
than oncefin any combined area. (Consult PFI Standard ES-
7, Minimum Length and Spacing for Branch Connections,
for detailed recommendations on spacing of welded
nozzles.)

(f) Added Reinforcement

(1) Reinforcement added in the form of a rifig or
saddle as [part of area A4 shall be of reasonably constant
width.

(2) Material used for reinforcement maydiffer from
that of the{run pipe provided it is compatible with run and
branch pipes with respect to weldability, heat treatment
requirements, galvanic corrosion,thermal expansion, etc.

(3) If the allowable stress-for the reinforcement
material if less than that for\the run pipe, its calculated
area musf be reduced ifi’the ratio of allowable stress
values in determining(its contribution to area A,.

(4) No additional tredit may be taken for a material
having higher allowable stress value than the run pipe.

304.3.4| Reinforcement of Extruded Outlet Headers

signifying extruded. Refer to para. 304.3.3(a) fof.nigmen-
clature not listed here.
d, = the design inside diameter of the extruded gutlet,
measured at the level of the outside surfaceof the
header. This dimension is taken after remgval of
all mechanical and corrosienallowances, ajnd all
thickness tolerances.
d, = half width of reinfofcement zone (equal t¢ d,)
h, = height of the extruded outlet. This must be[equal
to or greater than r, [except as shown in illlistra-
tion (b) in, Figure 304.3.4].
Ls = height of<reinforcement zone
= 0.7,/Dyd,
ry = radius of curvature of external contoured pgrtion
of\outlet, measured in the plane containirg the
axes of the header and branch
T, = corroded finished thickness of extruded qutlet,
measured at a height equal to r, abovje the
outside surface of the header

(d) Limitations on Radius ry. The external coptour
radius, ry, is subject to the following limitations:
(1) minimum r, — the lesser of 0.05D, or 38 mm
(1.50 in.)

(2) maximum r, shall not exceed

(-a) for D, < DN 200 (NPS 8), 32 mm (1.2% in.)

(-b) for D, = DN 200, 0.1D, + 13 mm (0.5( in.)
(3) for an external contour with multiple radlLi, the
requirements of (1) and (2) above apply, considering the
best-fit radius over a 45-deg arc as the maximum radius
(4) machiningshall notbe employed in order tq meet
the above requirements
(e) Required Reinforcement Area. The required afea of
reinforcement is defined by

Ay = Ktyd, )

(a) The principles of reinforcement stated in
para. 304.3.3 are essentially applicable to extruded
outlet headers. An extruded outlet header is a length
of pipe in which one or more outlets for branch connection
have been formed by extrusion, using a die or dies to
control the radii of the extrusion. The extruded outlet
projects above the surface of the header a distance h,
at least equal to the external radius of the outlet ry
(i.e., hy = ry).

where K is determined as follows:
(1) For D,/Dy > 0.60, K = 1.00.
(2) For 0.60 = D,/Dj, > 0.15, K = 0.6 + %(Dy,/Dp).
(3) For D,/D, < 0.15, K = 0.70.
(f) Available Area. The area available for reinforcement
is defined as

A2 + A3 + A4 > Al (92)

These areas are all within the reinforcement zone and
are further defined below.


https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

2.an31,] 99s ‘s[1eIap pom [ea1d4y 10

H "UOTIONIISUOD JO poydtiipa,Liaja.ad .10 s[rejap Surp[am 9391duwrod 93ed1pu1 Jou sa0p 3] €' F0 € "eded Jo INJRPUIWOU Y] SIE

Ay'§'8z€ 231 pue 4y'S'8ZE
hsnqpran3ry syl ALON TYYANID

- - - - £ - \u - - adig - - -
v
|e el
Cp \\1 p 0\ stausoiyy  Yg
did
bdid uny g L 7 N e adid uny jeutwon
! /J \A | ¢\ \ aouels|ol ||IN 5
L e l& 1
|72 azzd 1 r Z 2 ]
. | 7o Z 7 \&N\ | [} ¥ *
V2 222l - / N LLLLLLLNL L Ll Jﬂﬂ * y Y,
\ ] ] =
DNMHHIIITTTHRN 77z e 1
i L1
/o eaJe pasinbali . Xl 11 uoleoly10ads
186 03 (g wis - 2) i H
usLIBDI0uIB AqQ ease siyl Aidiyn aseyound Jad wnwiuiw Jo
josuwy ! A q tui Aldin painseaw ‘ssaudoIy |
by v \ €y by i
seose 8|zzou 10 \ 8jzzou 10 seale i
\. Juawpoiojulay adid youe.g K adid youe.g Jusiiaploulay
. - - -- /R - - o _ -
1 \ AN ~
q I 8dueJa|ol |IIIN rL |uoz
L 4'\! $S3UOIY) [RUIWON g, 1UBWAdTOLUIBI
2 jo stwy
da %

21NJE)IUSWION UO0I3I3UL0Y) Yduelqg €€ +0E anbi4

27


https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

(1) Area A; is the area resulting from excess thickness
in the header wall

Ay = (2d2 — dx)(T],, -ty — c) (10)

(2) Area Aj; is the area resulting from excess thickness
in the branch pipe wall

A3 = 2L5(Tb - tb - C) (11)

(3) Area A, is the area resulting from excess thickness

may be used for pressure-strengthening a branch connec-
tion in lieu of reinforcement covered in paras. 304.3.3 and
304.3.4 if the design is qualified as required by para.
304.7.2.

(e) For branch connections that do not meet the re-
quirements of para. 304.3.1(b), integral reinforcement,
complete encirclement reinforcement, or other means
of reinforcement should be considered.

304.3.6 Branch Connections Under External Pres-

in the extruded outlet lip

Ay =21 [T, — (T, — o)] (12)

(g) Refnforcement of Multiple Openings. The rules of
para. 304.B.3(e) shall be followed, except that the required
area and reinforcement area shall be as given in this para-
graph.

(h) Identification. The manufacturer shall establish the
design pr¢ssure and temperature for each extruded outlet
header anld shall mark the header with this information,
together with the symbol “B31.3” (indicating the applica-
ble Code §ection) and the manufacturer’s name or trade-
mark.

304.3.5
quiremen
to ensure

Additional Design Considerations. The re-
s of paras. 304.3.1 through 304.3.4 are intended
batisfactory performance of abranch connection
subject only to pressure. The designer shall also consider
the following:

(a) Inaddition to pressureloadings, external forces and
movements are applied to a branch connection by thermal
expansior] and contraction, dead and live loads, and mgve-
ment of piping terminals and supports. Special considera-
tion shall pe given to the design of a branch conhegtion to
withstand these forces and movements.

(b) Branch connections made by welding the branch
pipe dire¢tly to the run pipe should-be-avoided under
the followling circumstances:

(1) when branch size approaches run size, particu-
larly if pipe formed by more thah1.5% cold expansion, or
expanded|pipe of a materiaksubject to work hardening, is
used as the run pipe

(2) where repetitive stresses may be imposed on the
connectioh by vibratien, pulsating pressure, temperature
cycling, etc.

In sufh cases, it is recommended that the design be
conservatjvedand that consideration be given to the use of

sure. Pressure design for a branch connection subjected
to external pressure may be determined in accorflance
with para. 304.3.1, using the reinforcementrarea require-
ment stated in para. 304.3.3(b).

304.4 Closures
304.4.1 General

(a) Closures not in accordance with para. 303
shall be qualified as reqtiired by para. 304.7.2.

(b) For materials.and design conditions coyered
therein, closures may“be designed in accordanceg with
rules in ASME BPVE, Section VIII, Division 1, calcylated
from eq. (13)

br (b)

tn=t+c (13)
where
¢
t =

sum of allowances defined in para. 304.1{1
pressure design thickness, calculated for the type
of closure and direction of loading, shoyn in
Table 304.4.1, except that the symbols uged to
determine t shall be as follows:
E = same as defined in para. 304.1.1
P = design gage pressure
S = S times W, with S and W as defin
para. 304.1.1
minimum required thickness, including mechan-
ical, corrosion, and erosion allowance

ed in

tm

304.4.2 Openings in Closures

(a) The rules in (b) through (g) apply to openings not
larger than one-half the inside diameter of the closjire as
defined in the ASME BPVC, Section VIII, Division 1, YG-36.
A closure with a larger opening should be designefl as a
reducer in accordance with para. 304.6 or, if the clogure is
flat, as a flange in accordance with para. 304.5.

tee fittings or complete encirclement types of reinforce-
ment.

(c) Adequate flexibility shall be provided in a small line
that branches from a large run, to accommodate thermal
expansion and other movements of the larger line (see
para. 319.6).

(d) If ribs, gussets, or clamps are used to stiffen the
branch connection, their areas cannot be counted as
contributing to the reinforcement area determined in
para. 304.3.3(c) or 304.3.4(f). However, ribs or gussets

28

[D) Aclosure is weakened by an opening and, unless the
thickness of the closure is sufficiently in excess of that
required to sustain pressure, it is necessary to provide
added reinforcement. The need for and amount of rein-
forcement required shall be determined in accordance
with the subparagraphs below except that it shall be
considered that the opening has adequate reinforcement
if the outlet connection meets the requirements in
para. 304.3.2(b) or 304.3.2(c).
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Figure 304.3.4 Extruded Outlet Header Nomenclature

This Figure illustrates the nomenclature of para. 304.3.4. It does not indicate complete details or a preferred method of construction.

Limits of Centerline of
reinforcement branch
zone |
£ | — Db —
b > v |
c I b - )
I NOTE: _ .
f Taper bore inside cxtraston
\ S cleg max. Ay ” diameter taper
! f 7 [if required, see
Lg | h Tx l illustration (d)] to
X - match branch pipe
¥ ; | 1:3 maximum taper.
LA ]
Header A t, l'T > d, —|—
| Th yh o X Header
orrosion ¥ *_ t 777777777777 Extruded outldt
I nce. c T = Extruded
allowance, D A outlet
(b) [Note (1)1
Mill tolerance dy
(a)
- 0y, > Branch pipe
Tp—>] |—— or nozzle
cJ->| —— dj, :l
ty, —»| Limits off
b .,F_ W\-‘ reinfor¢gement
- - - - B zone
Thickness, measured 5
L&~
or minimum per purchase ¢ Lg
specification J
K , ;E/ ! i Extruded outlef
hy . Vi — A4 @ ~
5 d, — — ]
Y , - Y
T -
A A $ | T, / Req_unred area /
Th L A1 =K (tp) (ay) Headdr
y i i | S0 77
d, ¢ | ds > dy »|

Mill tolerance

(c) [Note (2)]
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Figure 304.3.4 Extruded Outlet Header Nomenclature (Cont’d)

I Branch pipe
T—] - — Dp or nozzle
b=, e—————d
¢ Limits of
o> M l reinforcement
N / ! zone
——— A () . 3 !
* L Extruded outlet
hx x ’ / dy »4
* N \g
Header
‘ t‘ T, Required area
Th o o /A1 =K (th) (dy) /A
y WA 27 //////J\.
oy 42 )
h dp - dy > dy —

(d) [Note (3)]

g Mill tolerance
NOTES:

(1) IMlustration to show method of establishing T, when the taper encroaches on the“crotch radius.
(2) Ilustration is drawn for condition where K = 1.00.
(3) Ilustration is drawn for condition where K = 1.00 and d, < dp.

Table 304.4.1 ASME BPVC References for Closures (e) The reinforcement area and reinforcement zone

shall be calculated in accordance with para. 304.3.3 or

Typé of Closure c;::::jrzo (;,O::S’:ﬁr? 304.3.4, considering t.he subscript h and other referfences
Ellipsoidal UG-32(d) UG33(d) to the run or header pipe as applying to the closure. Where
the closure is curved, the boundaries of the reinforcgment
Torisphericpl UG-32(e) UG-33(e) zone shall follow the contour of the closure, and djmen-
Hemispherical UG-32(f) UG-33(c) sions of the reinforcement zone shall be measured pdrallel
Conical (no|transition UG-32(g) UG-33(f) to and perpendicular to the closure surface.
to knuckle) (f) If two or more openings are to be located in a
Toriconical U6&:32(h) UG-33(f) closure, the rules in paras. 304.3.3 and 304.3.4 for the re-
Flat (pressyre on UG-34 inforcement of multiple openings apply.

either side)

GENERAL NOTE: Paragraph numbers are from ASME BPVC, Section
VIII, Division 1.

(g) The additional design considerations for bfanch
connections discussed in para. 304.3.5 apply equdlly to
openings in closures.

304.5 Pressure Design of Flanges and Blanlrs

(c) Reinforcement for an opening in a closure shall be
so distributed that reinforcement area on each side of an
opening (considering any plane through the center of the
opening normal to the surface of the closure) will equal at
least one-half the required area in that plane.

(d) The total cross-sectional area required for rein-
forcement in any given plane passing through the
center of the opening shall not be less than that
defined in ASME BPVC, Section VIII, Division 1, UG-37
(b), UG-38, and UG-39.

304.5.1 Flanges — General

(a) Flanges not in accordance with para. 303 or (b) or
(d) shall be qualified as required by para. 304.7.2.

(b) A flange may be designed in accordance with ASME
BPVC, Section VIII, Division 1, Mandatory Appendix 2
(Rules for Bolted Flange Connections with Ring Type
Gaskets) or ASME BPVC, Section VIII, Division 2, 4.16
(Design Rules for Flanged Joints), using the allowable
stresses and temperature limits of this Code. Nomencla-
ture shall be as defined in Appendix 2, except as follows:
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Figure 304.5.3 Blanks

L

<4 —+4

NN

I

7777

P |= design gage pressure

Sq F bolt design stress at atmospheric temperature

S, = bolt design stress at design temperature

S¢ [ product SEW [of the stress value, S; the dppro-
priate quality factor, E, from Table~-A=1A or
Table A-1B; and weld joint strength\reduction
factor in accordance with para..302.3.5(e)] for
flange or pipe material. See para. 302.3.2(e).

(c)| Therulesin (b) above are not dpplicable to a flanged

joint|having a gasket that extends outside the bolts

(usudlly to the outside diameter of the flange).

(d)| For flanges that make solid contact outside the
bolts| ASME BPVC, Section VIII, Division 1, Appendix Y
should be used.

(e)| See Section-VIII, Division 1, Appendix S, for consid-
eratigns applicable to bolted joint assembly.

304.5.2_Blind Flanges

%\\

-—tA
dg

where c is the sum of allowances defined in parp. 304.1.1.
To calculate t, the rules of ASME BPVC, Section|VIII, Divi-
sion 1, UG-34 may be used with the following ¢hanges to
the UG-34 nomenclature:
P = internal or external design gage presgure

SE = SEW [product of the basic allowable stress value,
S; the appropriate quality factor} E, from
Table A-1A or Table A-1B; and the yveld joint
strength reduction factor, W, in adcordance
with para. 302.3.5(e)] for flange material [see
para. 302.3.2(e)]
pressure design thickness, as calculated for the
given styles of blind flange, using the appropriate
equations for bolted flat cover plates [in UG-34

304.5.3 Blanks

(a) Blanks notin accordance with para. 303 gr (b) shall

(a) Blind flanges not in accordance with para. 303 or
304.5.2(b) shall be qualified as required by para. 304.7.2.

(b) Ablind flange may be designed in accordance with
eq. (14). The minimum thickness, considering the manu-
facturer’s minus tolerance, shall be not less than t,,:

tp=t+c (14)

31

be qualified as required by para. 304.7.2.
(b) The minimum required thickness of a permanent
blank (representative configurations shown in
Figure 304.5.3) shall be calculated in accordance with
eq. (15)
3p

|
£t =d (15)
" g\/ 16SEW

+c

where
¢ = sum of allowances defined in para. 304.1.1


https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

inside diameter of gasket for raised or flat face
flanges, or the gasket pitch diameter for ringjoint
and fully retained gasketed flanges

= same as defined in para. 304.1.1

= design gage pressure

same as defined in para. 304.1.1

= same as defined in para. 304.1.1

Suom
1

304.6 Reducers

factors used in a Division 2 evaluation shall be consistent
with the design bases in para. 302.3.2. At design tempera-
tures in the creep range, additional considerations beyond
the scope of Division 2 may be necessary.

(e) For any of the above, the designer may interpolate
between sizes, wall thicknesses, and pressure classes, and
may determine analogies among related materials.

304.7.3 Metallic Components With Nonmetallic Pres-
sure Parts. Components not covered by standards listed in

304.6.1 Concentric Reducers

(a) Co
para. 303
304.7.2.

(b) Corjcentric reducers made in a conical or reversed
curve section, or a combination of such sections, may be
designed in accordance with the rules for conical and tori-
conical clpsures stated in para. 304.4.1.

304.6.2 Eccentric Reducers. Eccentric reducers not in
accordande with para. 303 shall be qualified as required by
para. 304{7.2.

hcentric reducers not in accordance with
or (b) shall be qualified as required by para.

304.7 Plllessure Design of Other Components

304.7.1 Listed Components. Other pressure-
containing components manufactured in accordance
with stanglards in Table 326.1 may be utilized in accor-
dance with para. 303.

304.7.2
unlisted
para. 304
design cr

Unlisted Components. Pressure design of
omponents to which the rules elsewhere \in
do not apply shall be based on the pressure
teria of this Code. The designer shall\ensure
that the [pressure design has been substantiated
through [one or more of the means stated in (a)
through ([d). Note that designs are alsp~tequired to be
checked for adequacy of mechanical strength as described
in para. 3P2.5. Documentation shogwing compliance with
this paragfraph shall be available for the owner’s approval.

(a) extensive, successfulservice experience under
comparable conditions with similarly proportioned
components of the same or like material.

(b) experimental stress analysis, such as described in
ASME BPYC, Sectiom VIII, Division 2, Annex 5-F. The basic
allowable|stress-firom Table A-1 or Table A-1M shall be
used in pllace7of the allowable stress, S, in Division 2
where applicable

Table 326.1, in which both metallic and nonmetallic|parts
contain the pressure, shall be evaluated by applicahle re-
quirements of para. A304.7.2 as well as those of|para.
304.7.2.

304.7.4 Expansion Joints

(a) Metallic Bellows Expansion Joints. The des
bellows type expansion joints 'Shall be in accor
with Appendix X. See alseAppendix F, para. F3
for further design considérations.

(b) Slip Type Expansion Joints

(1) Pressureseontaining elements shall be in gccor-
dance with payay; 318 and other applicable requiremgnts of
this Code.

(2) External piping loads shall not impose exc
bendingron the joint.

(3) The effective pressure thrust area sh
computed using the outside diameter of the pipe.

(c) Other Types of Expansion Joint. The design of|other
types of expansion joint shall be qualified as requirfed by
para. 304.7.2.

gn of
lance
)4.7.4

bSssive

1 be

PART 3
FLUID SERVICE REQUIREMENTS FOR PIPI
COMPONENTS

305 PIPE

Pipe includes components designated as tube or tubing
in the material specification, when intended for pregssure
service.

305.1 General

Listed pipe may be used in Normal Fluid Service gxcept
as stated in paras. 305.2.1 and 305.2.2. Unlisted pipg may

he used only as provided in para. 30223

(c) proof test in accordance with ASME B16.9, MSS SP-
97, or ASME BPVC, Section VIII, Division 1, UG-101. The
basic allowable stress from Table A-1 or Table A-1M shall
be used in place of the allowable stresses, S and S5, in Divi-
sion 1 where applicable.

(d) detailed stressanalysis (e.g., finite element method)
with results evaluated as described in ASME BPVC, Section
VIII, Division 2, Part 5. The basic allowable stress from
Table A-1 or Table A-1M shall be used in place of the allow-
able stress, S, in Division 2 where applicable. Load design

32

305.2 Specific Requirements

305.2.1 Pipe for Category D Fluid Service. The
following carbon steel pipe may be used only for Category
D Fluid Service:

API 5L continuous welded (furnace butt-welded)

ASTM A53, Type F

ASTM A134 made from other than ASTM A285 plate
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305.2.2 Pipe Requiring Safeguarding. When used for
other than Category D Fluid Service, the following carbon
steel pipe shall be safeguarded:

ASTM A134 made from ASTM A285 plate

ASTM A139

305.2.3 Pipe for Severe Cyclic Conditions

(a) Except as limited in (b) through (d), only the
following pipe may be used under severe cyclic conditions:

(b) Thelap thickness of a proprietary “Type C”lap-joint
stub-end buttwelding fitting shall conform to the require-
ments of para. 306.4.2 for flared laps.

306.1.4 Fittings for Severe Cyclic Conditions

(a) Only the following fittings may be used under
severe cyclic conditions:
(1) forged.
(2) wrought, seamless or welded. If welded, requires

(1) pipe 1isted I Tabie A-1A, where E; = 0.90,” or TO00% Tadiograpn of wetds Im accordahce with
) pipe listed in Table A-1B, where E; = 0.907 para. 344.5.1 and Table 341.3.2.
(b)| For API 5L pipe, only the following materials may be (3) cast, with factor E, > 0.90.
used: (b) Fittings conforming to MSS SP-43,MSS SP-119, and

(krade A or B, seamless

(rade A or B, SAW, str. seam, E; > 0.95

(krade X42, seamless

(krade X46, seamless

(krade X52, seamless

(krade X56, seamless

(krade X60, seamless

For copper pipe, only ASTM B42 may be used.
For copper alloy pipe, only ASTM B466 may be used.
For aluminum alloy pipe, only ASTM B210 and
both in tempers O and H112, may be used.

305.2.4 Elevated Temperature Fluid Service. In
Elevated Temperature Fluid Service, all longitudinal or
spiral (helical seam) welds in P-No. 4 or P-No. 5 materials
shall pe examined by 100% radiography or 100% ultra!
sonic|examination. Acceptance criteria are as stated ih
para.|341.3.2 and in Table 341.3.2, for Normal“Fluid
Servige, unless otherwise specified.

306 FITTINGS, BENDS, MITERS, LAPS, AND
BRANCH CONNECTIONS

Fittings, bends, miters, laps, ahd, branch connections
may be used in accordance with paras. 306.1 through
306.5. Pipe and other materjals used in such components
shall |be suitable for theé\manufacturing or fabrication
process and the fluid-Service.

306.1 Pipe Fittings

306.1.1 Listed Fittings. Listed fittings may be used in
Nornfal FliidiService in accordance with para. 303.

306.1.2 Unlisted Fittings. Unlisted fittings may be

proprietary “Type C” lap-joint stub-end weldihg fittings

shall not be used under severeféyclic conditions.

306.2 Pipe Bends
306.2.1 General

hs.332.2.1
in accor-
the same

(a) Apipebendmade inaccordance with par
and 332.2.2, and\verified for pressure design
dance with~para. 304.2.1, is suitable for
service as_the pipe from which it is made.

(b) Apipe bend made in accordance with parfa. 332.2.2,
but not-meeting the flattening limits of para. 33R.2.1, may
bequalified for pressure design by para. 304.7.2 and shall
not exceed the rating of the straight pipe from which it is
made.

306.2.2 Corrugated and Other Bends. Bends of other
designs (such as creased or corrugated) shall b¢ qualified
for pressure design as required by para. 304.7.2.

306.2.3 Bends for Severe Cyclic Conditions. A pipe
bend designed as creased or corrugated shall not be
used under severe cyclic conditions.

306.3 Miter Bends

306.3.1 General. Except as stated in para.|306.3.2, a
miter bend made in accordance with para. 3(04.2.3 and
welded in accordance with para. 311.1 is syitable for
use in Normal Fluid Service.

306.3.2 Miter Bends for Category D Fluid
miter bend that makes a change in direction t a single
joint (angle a in Figure 304.2.3) greater than 45 deg,
or is welded in accordance with para. 311.1, may be

Service. A

used only in accordance with para. 302.2.3.

306.1.3 Specific Fittings

(a) Proprietary welding branch outlet fittings that have
been design proof tested successfully as prescribed in
ASME B16.9, MSS SP-97, or ASME BPVC, Section VIII, Divi-
sion 1, UG-101 may be used within their established
ratings.

7 See para. 302.3.3.
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used only 1for Category D Fluid Service.

306.3.3 Miter Bends for Severe Cyclic Conditions. A
miter bend to be used under severe cyclic conditions
shall be made in accordance with para. 304.2.3 and
welded in accordance with para. 311.1, and shall have
an angle « (see Figure 304.2.3) < 22.5 deg.
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306.4 Laps

The following requirements do not apply to fittings
conforming to para. 306.1, specifically lap-joint stub
ends conforming to ASME B16.9, nor to laps integrally
hot-forged on pipe ends, except as noted in paras.
306.4.3 and 306.4.4(a).

306.4.1 Fabricated Laps. A fabricated lap is suitable
for use in Normal Fluid Service, provided that all of

306.5 Fabricated Branch Connections

The following requirements do not apply to fittings
conforming to para. 306.1.

306.5.1 General. A fabricated branch connection made
and verified for pressure design in accordance with
para. 304.3, and welded in accordance with para.
311.1, is suitable for use in Normal Fluid Service.

306.5.2 Fabricated Branch Connections for Severe

the follow ius T C\,luil enrents—aremet:

(a) Thg outside diameter of the lap shall be within the
dimensional tolerances of the corresponding ASME B16.9
lap-joint qtub end.

(b) The lap thickness shall be at least equal to the
nominal wall thickness of the pipe to which it is attached.

(c) The lap material shall have an allowable stress at
least as gfeat as that of the pipe.

(d) Welding shall be in accordance with para.311.1 and
fabricatioh shall be in accordance with para. 328.5.5.

306.4.2
ments of
flared lap
provided

(a) The
suitable f
other defé¢cts.

(b) Thg outside diameter of the lap shall be within the
dimensional tolerances of the corresponding ASME B16.9
lap-joint qtub end.

(c) Thd radius of fillet shall not exceed 3 mm (% irs);

(d) Thd lap thickness at any point shall be at least-95%
of the mirjimum pipe wall thickness, T, multiplied\by the
ratio of the pipe outside diameter to the diameter-at which
the lap thfickness is measured.

(e) Prepsure design shall be qualified™as required by
para. 304{7.2.

306.4.3 Forged Laps. A lap integrally hot-forged on a
pipe end i$ suitable for NormalFluid Service only when the
requireménts of para. 332.are'met. Its dimensions shall
conform o those for lapzjeint stub ends given in ASME
B16.9.

Flared Laps. See para. 308.2.5 for require-
lapped flanges for use with flared laps. A
is suitable for use in Normal Fluid Service,
that all of the following requirements are met:
pipe used shall be of a specification and grade
r forming without cracks, surface buckling, or

306.4.4 Laps for.Severe Cyclic Conditions

(a) A fprgedilap-joint stub end in accordance with
para. 306|1 6r a lap integrally hot-forged on a pipe end

Cyclic Conditions. A fabricated branch connect:lon to
be used under severe cyclic conditions shall |conform
to the requirements of para. 306.5.1excepy that
welding shall be inaccordance with para. 311.1, with|fabri-
cation limited to a detail equivalent to.Figure 3285.4D,
illustration (b) or (d), or to Figure)328.5.4E.

306.6 Thermowells

Thermowells shall comply with ASME PTC 19.3 TW
where applicable.

307 VALVES AND SPECIALTY COMPONENTS

The following requirements for valves shall also he met
as applicable'by other pressure-containing piping cqmpo-
nents, such as traps, strainers, and separators. Se¢ also
Appendix F, paras. F301.4 and F307.

307.1 General

307.1.1 Listed Valves. A listed valve is suitable f
in Normal Fluid Service, except as stated in para.

307.1.2 Unlisted Valves. Unlisted valves may bd
only in accordance with para. 302.2.3.

r use
807.2.

used

307.2 Specific Requirements

307.2.1 Bonnet Bolting. A bolted bonnet valve whose
bonnet is secured to the body by less than four boltsfor by
a U-bolt, may be used only for Category D Fluid Sqrvice.

307.2.2 Stem Retention. Valves shall be designed so
that the stem seal retaining fasteners (e.g., pag¢king,
gland fasteners) alone do not retain the stem. Speciffcally,
the design shall be such that the stem shall not be capable
of removal from the valve, while the valve is under|pres-
sure, by the removal of the stem seal retainer (e.g., gland)
alone.

in accordance with para. 306.4.3 may be used under
severe cyclic conditions.

(b) A fabricated lap to be used under severe cyclic
conditions shall conform to the requirements of
para. 306.4.1, except that welding shall be in accordance
with para. 311.1. A fabricated lap shall conform to a detail
shown in Figure 328.5.5, illustration (d) or (e).

(c) A flared lap is not permitted under severe cyclic
conditions.

34

308 FLANGES, BLANKS, FLANGE FACINGS, AND
GASKETS

308.1 General

308.1.1 Listed Components. A listed flange, blank, or
gasket is suitable for use in Normal Fluid Service, except as
stated elsewhere in para. 308.

(20)
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Table 308.2.1 Permissible Sizes/Rating Classes for
Slip-On Flanges Used as Lapped Flanges

Maximum Flange Size

Rating Class DN NPS
150 300 12
300 200 8

GENERAL NOTE: Actual thickness of the slip-on flange at the bolt
circle shall be at least equal to the minimum required flange thickness
for lapped flanges in ASME B16.5

B16.5 or ASME B16.47, or a similarly proportioned
flange designed in accordance with para. 304.5.1.

308.2.5 Flanges for Flared Metallic Laps. For a flange
used with a flared metallic lap (para. 306.4.2), the inter-
section of face and bore shall be beveled or rounded
approximately 3 mm (% in.). See also para. 308.2.1(c).

308.3 Flange Facings

The ﬂqngn fm‘ing shall be r‘nmpnh’h]p with

the gasket

308.1.2 Unlisted Components. Unlisted flanges,
blanKs, and gaskets may be used only in accordance
with para. 302.2.3.

308.2 Specific Requirements for Flanges
Seq Appendix F, paras. F308.2 and F312.
308.2.1 Slip-On Flanges

(a)| A slip-on flange shall be double-welded as shown in
Figurg 328.5.2B when the service is
7) subject to severe erosion, crevice corrosion, or
loading
) flammable, toxic, or damaging to human tissue
3) under severe cyclic conditions
1) at temperatures below -101°C (-150°F)

The use of slip-on flanges should be avoided where
large temperature cycles are expected, particularly
flanges are not insulated.

Slip-on Flanges as Lapped Flanges. A slipson flange
be used as a lapped flange only @s,;'shown in
Table[308.2.1 unless pressure design is qualified in accor-
dancg with para. 304.5.1. A corner raditts or bevel shall
conform to one of the following as\applicable:

7) For an ASME B16.9 lap joint stub end or a forged
lap (see para. 306.4.3), the corher radius shall be as speci-
fied ih ASME B16.5, Tables'9-/and 12, dimension r.

) For a fabricated\lap, the corner bevel shall be at
least halfthe nominalthiekness of the pipe to which the lap
is attached (see Figure 328.5.5).

3) For aflared lap see para. 308.2.5.

cyclig

(b)
many
if the

(9

may

308.2.2 ‘Ex.pan.ded Jqlnt Flénges. A flange l?avmg A been made showing adequate strength to
expandedjoint insert is subject to the requirements C o
o joint tightness.
for expanded joints in para. 313

and bolting employed.
308.4 Gaskets

Gaskets shall be selected so that the requir
load is compatible with the flarige rating and
strength of the flange, and its bolting. See Appen
F308.4.

bd seating
acing, the
lix F, para.

309 BOLTING

Bolting includés bolts, bolt studs, studs, cdp screws,
nuts, and wasHers. See also Appendix F, para.|F309.

309.1 General

309:1.1 Listed Bolting. Listed bolting is suitaple for use
in Wormal Fluid Service, except as stated elsewhere in
para. 309.

309.1.2 Unlisted Bolting. Unlisted bolting mpy be used
only in accordance with para. 302.2.3.

309.1.3 Bolting for Components. Bolting fi
nents conforming to a listed standard shall bg
dance with that standard if specified therein.

r compo-
in accor-

309.1.4 Selection Criteria. Bolting selectefl shall be
adequate to seat the gasket and maintain join{ tightness
under all design conditions.

309.2 Specific Bolting

309.2.1 Low Yield Strength Bolting. Bolting having not
more than 207 MPa (30 ksi) specified minimum yield
strength shall not be used for flanged joihts rated
ASME B16.5 Class 400 and higher, nor fof flanged
joints using metallic gaskets, unless calculatjons have
maintain

308.2.3 Socket Welding and Threaded Flanges. A
socket welding flange is subject to the requirements
for socket welds in para. 311.2.2. A threaded flange is
subject to the requirements for threaded joints in para.
314.

308.2.4 Flanges for Severe Cyclic Conditions. Unless
it is safeguarded, a flange to be used under severe cyclic
conditions shall be welding neck conforming to ASME

35

309.2.2 Carbon Steel Bolting. Except where limited by
other provisions of this Code, carbon steel bolting may be
used with nonmetallic gaskets in flanged joints rated
ASME B16.5 Class 300 and lower for bolt metal tempera-
turesat-29°Cto 204°C (-20°F to 400°F), inclusive. If these
bolts are galvanized, heavy hexagon nuts, threaded to suit,
shall be used.
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309.2.3 Bolting for Metallic Flange Combinations.
Any bolting that meets the requirements of para. 309
may be used with any combination of flange material
and facing. If either flange is to the ASME B16.1, ASME
B16.24 manufactured from an ASTM B61 or an ASTM
B62 casting, MSS SP-42, or MSS SP-51 specification,
the bolting material shall be no stronger than low
yield strength bolting unless

(a) both flanges have flat faces and a full-face gasket is
used, or

311.2 Specific Requirements
311.2.1 Backing Rings and Consumable Inserts

(a) If abackingring is used where the resulting crevice
is detrimental (e.g., subject to corrosion, vibration, or
severe cyclic conditions), it should be removed and the
internal joint face ground smooth. When it is impractical
to remove the backing ring in such a case, consideration

shall be given to welding without backing rings or to the
nnnnn £ conciiynahla tpncapte Ap oAy hla “nv\mrtallic

(b) sequenceand torque limits for bolt-up are specified,
with congideration of sustained loads, displacement
strains, pccasional loads (see paras. 302.3.5 and
302.3.6), and strength of the flanges

309.2.4 Bolting for Severe Cyclic Conditions. Low
yield strejngth bolting (see para. 309.2.1) shall not be
used for flanged joints under severe cyclic conditions.

309.3 Tapped Holes

Tapped|holes for pressure-retaining bolting in metallic
piping components shall be of sufficient depth that the
thread engagement will be at least seven-eighths times
the nominal thread diameter.

PART 4
SERVICE REQUIREMENTS FOR PIPING
JOINTS

FLUID

310 GENERAL

Piping joints shall be selected considering joint\tight-
ness and [mechanical strength under expected-service
and test cgnditions of pressure, temperaturejand external

loading. Spe para. 302.5.

311 WELDED JOINTS

Joints mjay be made by welding in'any material for which
it is possible to qualify welding"procedures, welders, and
welding ¢perators in conformance with the rules in
Chapter V.

311.1 Geperal

Welds ghall-conform to the following:
(a) Welding shall be in accordance with para. 328.

backing rings.
(b) Split backing rings shall not be used under severe
cyclic conditions.

311.2.2 Socket Welds

(a) Socket welded joints (pard,/328.5.2) shoyld be
avoided in any service wheré crevice corrosipn or
severe erosion may occur,

(b) Socketwelded joints-shall conform to the following:

(1) Socket dimensions shall conform to ASME B16.5
for flanges and ASME“B16.11 or MSS SP-119 for [other
socket-welding €omponents.

(2) Weld\dimensions shall not be less than
shown in Figures 328.5.2B and 328.5.2C.

(c) Socketwelds larger than DN 50 (NPS 2) shall not be
used,utider severe cyclic conditions.

(d)~A drain or bypass in a component may be atthched
by socket welding, provided the socket dimenjsions
conform to ASME B16.5, para. 6.12.3.

those

311.2.3 Fillet Welds

(a) Filletweldsinaccordance with para.328.5.2 njay be
used as primary welds to attach socket welding cqmpo-
nents and slip-on flanges.

(b) Fillet welds may also be used to attach reinforce-
ment and structural attachments, to supplement the
strength or reduce stress concentration of primary
welds, and to prevent disassembly of joints.

311.2.4 Seal Welds. Seal welds (para. 328.5.3) njay be
used only to prevent leakage of threaded joints and shall
not be considered as contributing any strength o the
joints.

312 FLANGED JOINTS

212 1
ToTzZ 1"

(b) Preheating and heat treatment shall be in accor-
dance with paras. 330 and 331, respectively.

(c) Examination shall be in accordance with
para. 341.4.

(d) Acceptance criteria shall be in accordance with
para. 341.3.2.

36

CSon Ao diy T oo
See-AppendixFpara:
312.1 Joints Using Flanges of Different Ratings

Where flanges of different ratings are bolted together,
the rating of the joint shall not exceed that of the lower
rated flange. Bolting torque shall be limited so that exces-
sive loads will not be imposed on the lower rated flange in
obtaining a tight joint.

(20)
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Table 314.2.1 Minimum Schedule of Components With
External Threads

(a) Threaded joints should be avoided in any service
where crevice corrosion, severe erosion, or cyclic loading
may occur.

Notch- Size Range
Sensitive [Note (2)] Minimum (b) When threaded joints are intended to be seal
Fluid Material Schedule welded, thread sealing compound shall not be used.
Service  [Note (1)] DN NPS [Note (3)] (c) Layout of piping employing threaded joints should,
Normal Yes <40 <1% 80 insofar as possible, minimize stress on joints, giving
50-150  2-6 40 special consideration to stresses due to thermal expansion
>150 >6 None and operation of valves (particularly a valve at a free end).
NG =150 = 70 Prevision-sheuld-be-made-to-counteractforeesthat would
>150 -6 None tend to unscrew the joints.

Categdry D Fither All All None . (d) Ex.ce;.)t for specially designed ]01nt§ employlng lens

NoTES. rings or similar gaskets, threaded flanges|in whi

(1) Cqdrbon steel is generally considered to be notch sensitive,
whereas stainless steel is generally considered to be not
ndtch sensitive.

Fqr sizes over DN 50 (NPS 2), the joint shall be safeguarded (see
Appendix G) for a fluid service that is flammable, toxic, or dama-
ging to human tissue.

Mjnimum schedules 40 and 80 are listed in ASME B36.10M, which
arpidentical to schedules 40S and 80S listed in ASME B36.19M for
DN 150 (NPS 6) and smaller.

(2)

3)

312.2 Metal to Nonmetal Flanged Joints

Where a metallic flange is bolted to a nonmetallic flange,
both ghould be flat-faced. A full-faced gasket is preferred. If
a gasket extending only to the inner edge of the bolts is
used,|bolting torque shall be limited so that the nonme-
tallic [flange is not overloaded.

312.3

Sed

Flanged Joint Assembly
para. 335.2.5.

313
(@)

EXPANDED JOINTS

Expanded joints shall.not be used under severe
cycliq conditions. For other-services, adequate means
shall be provided to prevent separation of the joint. If
the fluid is toxic or_damaging to human tissue, safe-
guarding is required

(b)| Consideration shall be given to the tightness of
exparided joints"'when subjected to vibration, differential
exparjsioror contraction due to temperature cycling, or
externalbmechanical loads.

h the pipe
ends project through to serve as the gasket surfdce may be

used only for Category D Fluid(Service.

314.2 Specific Requirements

which the
to ASME

314.2.1 Taper-Threaded Joints. For joints in
threads of both mating components conforni
B1.20.1

(a) the mifimum thickness of compongnts with
external threads shall be the greater of t,, in apcordance
with para{304.1.1 and the schedule showr in Table
314.2.1

(b)~threaded components shall be che
adequacy of mechanical strength as des
para. 302.5

(c) threaded components of a specialty nature that are
not subject to external moment loading, such gs thermo-
wells, may be used under severe cyclic conditions

A coupling having straight threads may be us¢d only for
Category D Fluid Service, and only with taperf-threaded
mating components.

314.2.2 Straight-Threaded Joints. Threadefl joints in
which the tightness of the joint is provided byf a seating
surface other than the threads (e.g., a union cpmprising
male and female ends joined with a threaded unfon nut, or
other constructions shown typically in Figur¢ 335.3.3)
may be used. If such joints are used under severe
cyclic conditions and are subject to external moinent load-
ings, safeguarding is required.

cked for
tribed in

315 TUBING JOINTS
315.1 General

314 THREADED JOINTS
314.1 General

Threaded joints are suitable for Normal Fluid Service
except as stated elsewhere in para. 314. They may be used
under severe cyclic conditions only as provided in paras.
314.2.1(c) and 314.2.2.

37

In selecting and applying flared, flareless, and compres-
sion type tubing fittings, the designer shall consider the
possible adverse effects on the joints of such factors as
assembly and disassembly, cyclic loading, vibration,
shock, and thermal expansion and contraction.

315.2 Joints Conforming to Listed Standards

Joints using flared, flareless, or compression type tubing
fittings covered by listed standards may be used in Normal
Fluid Service provided that

(20)
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(a) the fittings and joints are compatible with the
tubing with which they are to be used (considering
maximum and minimum wall thickness) and are used
within the pressure-temperature limitations of the
fitting and the joint

(b) the joints are safeguarded when used under severe
cyclic conditions

315.3 Joints Not Conforming to Listed Standards

318.1.2 Unlisted Joints. For joints that utilize unlisted
components, pressure design shall be qualified as
required by para. 304.7.2.

318.2 Specific Requirements

318.2.1 Joint Integrity. Separation of the joint shall be
prevented by a means that has sufficient strength to with-
stand anticipated conditions of service.

318.2.2 Joint Interlocks. Either mechanical or welded

Joints ufing flared, flareless, or compression type tubing
fittings not listed in Table 326.1 may be used in accordance
with paraf 315.2 provided that the design is qualified in
accordande with para. 304.7.2.

316 CAULKED JOINTS

Caulked joints such as bell type joints shall be limited to
Category P Fluid Service and to a temperature not over
93°C (200°F). They shall be used within the pressure-
temperatyre limitations of the joint and pipe. Provisions
shall be made to prevent disengagement of joints, to
prevent blickling of the piping, and to sustain lateral reac-

tions produced by branch connections or other causes.

317 SOLPERED AND BRAZED JOINTS
317.1 Soldered Joints

Soldered joints shall be made in accordance with the
provisions of para. 333 and may be used only in Category
D fluid seqvice. Fillet joints made with solder metal are not
permitted. The low melting point of solder shall be consid-
ered wheile possible exposure to fire or elevated teimpera-
ture is inyolved.

317.2 Brpzed and Braze Welded Joints

(a) Braized and braze welded joints imade in accordance
with the grovisions in para. 333 ate suitable for Normal
Fluid Service. They shall be safeguarded in fluid services
that are flammable, toxic, omdamaging to human tissue.
They shall not be used undersevere cyclic conditions. The
melting point of brazing alloys shall be considered where
possible gxposure te-fire is involved.

(b) Fillgt jointsmade with brazing filler metal are not
permitted.

interlocks shall be provided to prevent separation¢f any
joint used for a fluid service that is flammable, toxic, or
damaging to human tissues, of any joint to be used yinder
severe cyclic conditions, and of any joint expoged to
temperatures in the creep range.

318.2.3 Bell and Gland Type Joints. Bell-typ
gland-type joints used undet\Severe cyclic cond
shall be safeguarded.

b and
tions

PART 5
FLEXIBILITY AND SUPPORT

319 PIPING FLEXIBILITY
319.1 Requirements

319.1.1 Basic Requirements. Piping systems shall| have
sufficient flexibility to prevent thermal expansipn or
contraction or movements of piping supports and term-
inals from causing

(a) failure of piping or supports from overstre
fatigue

(b) leakage at joints

(c) detrimental stresses or distortion in piping and
valves or in connected equipment (e.g., pump$ and
turbines), resulting from excessive thrustg and
moments in the piping

SS or

319.1.2 Specific Requirements. In para. 319, congepts,
data, and methods are given for determining the require-
ments for flexibility in a piping system and for asquring
that the system meets all of these requirements. In|brief,
these requirements are that

(a) the computed stress range at any point due fjo dis-
placements in the system shall not exceed the allojvable
stress range established in para. 302.3.5

318 SPECIALJOINTS

Special joints are those not covered elsewhere in
Chapter II, Part 4, such as bell type and packed gland
type joints.

318.1 General

318.1.1 Listed Joints. Joints using listed components
are suitable for Normal Fluid Service.

38

(bJ reactionTforces computedin para. 319.5 shallnot be
detrimental to supports or connected equipment

(c) computed movement of the piping shall be within
any prescribed limits, and properly accounted for in the
flexibility calculations

If it is determined that a piping system does not have
adequate inherent flexibility, means for increasing flex-
ibility shall be provided in accordance with para. 319.7.
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319.2 Concepts

Concepts characteristic of piping flexibility analysis are
covered in the following paragraphs. Special considera-
tion is given to displacements (strains) in the piping
system, and to resultant axial, bending, and torsional dis-
placement stress ranges.

319.2.1 Displacement Strains

(a) Thermal Displacements. A piping system will
undefrgo dimensional changes with any change in
tempgrature. If it is constrained from free expansion
or coptraction by connected equipment and restraints
such jas guides and anchors, it will be displaced from
its unrestrained position.

(b)| Restraint Flexibility. If restraints are not considered
rigid, |their flexibility may be considered in determining
displdcement stress range and reactions.

(c)| Externally Imposed Displacements. Externally

causeld movement of restraints will impose displacements
on the piping in addition to those related to thermal
effects. Movements may result from tidal changes
(docK piping), wind sway (e.g., piping supported from
atall §lender tower), or temperature changes in connected
equipment.
Movement due to earth settlement, since it is a single
cycle [effect, will not significantly influence fatigue life. A
displdcement stress range greater than that permitted by
para.[302.3.5(d) may be allowable if due considerationis
given|to avoidance of excessive localized strain and end
reactjons.

(d)| Total Displacement Strains. Thermal displace-
ments, reaction displacements, and externally:-imposed
displacements all have equivalent effects on’ the piping
system, and shall be considered together in determining
the total displacement strains (propertional deformation)
in various parts of the piping system.

31¢
(@)

.2.2 Displacement Stresses

Elastic Behavior Stresses may be considered
propgprtional to the)jtetal displacement strains in a
piping system in which the strains are well-distributed
and not excessive at any point (a balanced system).
Layolit of systems should aim for such a condition,
which is assumed in flexibility analysis methods provided
in this Cede.

(2) alocal reduction in size or wall thickness, or local
use of material having reduced yield strength (for
example, girth welds of substantially lower strength
than the base metal).

(3) aline configuration in a system of uniform size in
which the expansion or contraction must be absorbed
largely in a short offset from the major portion of the run.

(4) variation of piping material or temperature in a
line. When differences in the elastic modulus within a

ipi H-signifi distribu-
tion, the resulting displacement stresSes shall be
computed based on the actual elastic moduli'at the respec-
tive operating temperatures for each segmeént in the
system and then multiplied by the ratio of
modulus at ambient temperature to the mo
in the analysis for each segnient.

Unbalance should be ayvoided or minimized [by design
and layout of piping systems, particularly thjose using
materials of low ductility! Many of the effects of inbalance
can be mitigated by selective use of cold spring. If unba-
lance cannot be avoided, the designer shall use appro-
priate analytical methods in accordamce with
para. 31974 to assure adequate flexibility as ¢lefined in
para. 319.1.

319.2.3 Displacement Stress Range

(a) Incontrast with stresses from sustained lpads, such
as internal pressure or weight, displacement strjesses may
be permitted to attain sufficient magnitude to dause local
yielding in various portions of a piping system.[\When the
system is initially operated at the condition df greatest
displacement (highest or lowest temperature, qr greatest
imposed movement) from its installed condiition, any
yielding or creep brings about a reduction or felaxation
of stress. When the system is later returned to its original
condition (or a condition of opposite displagement), a
reversal and redistribution of stresses occurs that is
referred to as self-springing. It is similar to cold|springing
in its effects.

(b) While stresses resulting from displacemént strains
diminish with time due to yielding or creep, thg algebraic
difference between strains in the extreme displacement
condition and the original (as-installed) conditipn (or any
anticipated condition with a greater differential effect)
remains substantially constant during any one cycle of
operation. This difference in strains produces a corre-

(b)—Bverstratmed-Befravior—Stressestanmot-beconsid=
ered proportional to displacement strains throughout a
piping system in which an excessive amount of strain
may occur in localized portions of the system (an unbal-
anced system). Operation of an unbalanced system in the
creep range may aggravate the deleterious effects due to
creep strain accumulation in the most susceptible regions
of the system. Unbalance may result from one or more of
the following:

(1) highly stressed small size pipe runs in series with
large or relatively stiff pipe runs.

39

sponding stress differential, the displacement stress
range, that is used as the criterion in the design of
piping for flexibility. In evaluating systems where
supports may be active in some conditions and not
others (e.g., pipes lifting off supports), this difference
in strains may be influenced by the changing distribution
of sustained load. In such cases, the displacement strain
range is based on the algebraic difference between the
calculated positions of the pipe that define the range.
In addition to the displacement strain, each calculated
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position shall include the sustained loads present in the
condition under evaluation. See para. 302.3.5(d) for the
allowable stress range, S,, and para. 319.4.4(a) for the
computed displacement stress range, Sg.

319.2.4 Cold Spring. Cold spring is the intentional
deformation of piping during assembly to produce a
desired initial displacement and reaction. Cold spring
is beneficial in that it serves to balance the magnitude
of the reaction under initial and extreme displacement

319.3.3 Poisson’s Ratio. Poisson’s ratio may be taken
as 0.3 atall temperatures for all metals. More accurate and
authoritative data may be used if available.

319.3.4 Allowable Stresses

(a) The allowable displacement stress range, S4, and
permissible additive stresses shall be as specified in
para. 302.3.5(d) for systems primarily stressed in
bending and/or torsion.

conditions. When cold spring is properly applied there
is less likglihood of overstrain during initial operation;
hence, it is recommended especially for piping materials
of limited|ductility. There is also less deviation from as-
installed |[dimensions during initial operation, so that
hangers will not be displaced as far from their original
settings.

Inasmufh as the servicelife of a piping system is affected
more by the range of stress variation than by the magni-
tude of stfess at a given time, no credit for cold spring is
permitted in stress range calculations. However, in calcu-
lating the thrusts and moments where actual reactions as
well as their range of variations are significant, credit is
given for fold spring.

319.3 Prpperties for Flexibility Analysis

The follpwing paragraphs deal with properties of piping
materials jand their application in piping flexibility stress
analysis.

319.3.1

(a) Va
ments to

Thermal Expansion Data

ues for Stress Range. Values of thermal displace-
be used in determining total displacement
strains forl computing the stress range shall be determined
from Appendix C as the algebraic difference\between the
value at maximum metal temperature and that at the
minimun) metal temperature for thé thermal cycle
under anglysis.

(b) Vafues for Reactions. Values of thermal displace-
ments to|be used in determining total displacement
strains for computationof\reactions on supports and
connected equipment shall'be determined as the algebraic
difference between thé-value at maximum (or minimum)
temperatyre for the thermal cycle under analysis and the
value at the temperature expected during installation.

319.3.2| Modulus of Elasticity. The reference modulus

(b Thestressintensification factors IMTASME B31j have
been developed from fatigue tests of representative)piping
components and assemblies manufactured-from ductile
ferrous materials using the test proceduré€s in ASME
B31] and numerical methods. The allowable displacgment
stress range is based on tests of cdrbon and austenitic
stainless steels. Caution should{be exercised when
using eqs. (1a) and (1b) (paras302.3.5) for allowable dis-
placement stress range for some nonferrous materials
(e.g., certain copper and-aluminum alloys) for pther
than low cycle applications.

319.3.5 Dimensions. Nominal thicknesses and oyitside
diameters of pipesand fittings shall be used in flex|bility
calculations:

319.3.6\Flexibility and Stress Intensification Fagtors.
The flexibility factors, k, and stress intensification fdctors,
i, shall not be less than unity. In the absence of |more
directly applicable data, the flexibility factor, K, and
stress intensification factor, i, shown in ASME(B31]
shall be used for flexibility calculations described in
para. 319.4. Flexibility factors and stress intensifi¢ation
factors for branch connections are defined for in-plane,
out-plane, and torsion moments on both the rup and
branch legs. Branch leg calculations shall use the appro-
priate branch factor (i.e., kp, Kop, Kep, Iin, Iop, and i), arjd run
leg calculations shall use the appropriate run factoy (i.e.,
kir' kor' km iir' iorﬂ and itr)-

Flexibility factors and stress intensification factory may
be developed in accordance with ASME B31], Nonmanda-
tory Appendices B and A, respectively.

For piping components or attachments (such as vialves,
strainers, anchor rings, or bands) not covered in ASME
B31], suitable stress intensification factors may be
assumed by comparison of their significant geommetry
with that of the components shown. The validfty of
any assumptions is the responsibility of the designer. If

of elasticity at 21°C (70°F), E,, and the modulus of elas-
ticity at maximum or minimum temperature, E,,, shall be
taken as the values shown in Appendix C for the tempera-
tures determined in para. 319.3.1(a) or 319.3.1(b). For
materials not included in Appendix C, reference shall
be made to authoritative source data, such as publications
of the National Institute of Standards and Technology.
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two or more of the geometries shown in ASME B31]
are combined, their combined k and i might be signifi-
cantly different from the values shown. Examples
include trunnions on elbows and branch connection
fittings welded to anything other than straight pipe.

319.4 Flexibility Analysis

319.4.1 Formal Analysis Not Required. No formal
analysis of adequate flexibility is required for a piping
system that
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(a) duplicates, or replaces without significant change, a
system operating with a successful service record

(b) canreadily be judged adequate by comparison with
previously analyzed systems

(c) is of uniform size, has no more than two points of
fixation, no intermediate restraints, and falls within the
limitations of empirical eq. (16)®

D
4 <K1

— < (16)
(L - U)*

purpose of reducing moments and forces on equipment
or small branch lines, and also the restraint introduced by
support friction, shall be recognized. Consider all displace-
ments, as outlined in para. 319.2.1, over the temperature
range defined by para. 319.3.1.

319.4.4 Flexibility Stresses

(a) The axial, bending, and torsional displacement
stress ranges shall be computed using the reference

g
=
[¢]
—~

D| = outside diameter of pipe, mm (in.)

E,| = reference modulus of elasticity at 21°C (70°F),
MPa (ksi)

208 000 S,/E,, (mm/m)?

= 30 Sy/E, (in./ft)?

L[ = developed length of piping between anchors, m
(fo)

S 4| = allowable displacement stress range in accor-
dance with eq. (1a), MPa (ksi)

U| = anchor distance, straight line between anchors,
m (ft)

y| = resultant of total displacement strains, mm (in.),
to be absorbed by the piping system

319.4.2 Formal Analysis Requirements

(a)| Any piping system that does not meet the criteria in
para.|319.4.1 shall be analyzed by a simplified, approxi=
mate| or comprehensive method of analysis, as appro-
priate.

(b)| A simplified or approximate method may beapplied
only if used within the range of configurations for which its
adequacy has been demonstrated.

(c)| Acceptable comprehensive methods of analysis
inclugle analytical and chart methods that provide an
evaluption of the forces, moments; and stresses caused
by displacement strains (see-para. 319.2.1).

(d)| Comprehensive analysis shall take into account
stres§ intensification facters for any component other
than §traight pipe. Credit may be taken for the extra flex-
ibility of such a c@mponent.

319.4.3 Basic Assumptions and Requirements. Stan-
dard|assumptions specified in para. 319.3 shall be
followed in' all cases. In calculating the flexibility of a

p]p]n system between anchor pninfc, the system shall

ModuIus of erasticity at 2 1°C(70°F), E,, exceptas provided
in para. 319.2.2(b)(4), and then combined-in.afcordance
with eq. (17) to determine the computed displacement
stress range, Sg, which shall not exceed the allowable dis-
placement stress range, S, in para;302.3.5(d). See also eq.
(1d) and Appendix S, Example 3 for the greatesticomputed
displacement stress range.

Sg = (IS 8,) + (25,

a7

= cross-séctional area of pipe; see parg. 319.3.5
F , = axialforce range between any two ¢onditions
being evaluated
i , =:axial stress intensification factor. In the absence
of more-applicable data, i, = 1.0 for elhows, pipe
bends, and miter bends (single, closely spaced,
and widely spaced), and i, = i, for othpr compo-
nents; see also para. 319.3.6.
i, = torsional stress intensification factor; see
para. 319.3.6.
M , = torsional momentrange between any fwo condi-
tions being evaluated
S o = axial stress range due to displacemeft strains
= IF./A,

S » = bendingstressrange due to displacement strains
S . = torsional stress range due to displacement
strains
= iM,/2Z
Z = section modulus of pipe; see para. 319.3.5

(b) The bending stress range, S, to be used |n eq. (17)
for elbows, miter bends, and branch connections (Legs 1,
2, and 3) shall be calculated in accordance with eq. (18),
with moments as shown in Figures 319.4.4A andl 319.4.4B

VM) + (M)

be treated as a whole. The significance of all parts of
the line and of all restraints introduced for the

8 WARNING: No general proof can be offered that this equation will
yield accurate or consistently conservative results. It is not applicable
to systems used under severe cyclic conditions. It should be used with
caution in configurations such as unequal leg U-bends or near-straight
“sawtooth” runs, or for large thin-wall pipe (i 2 5), or where extraneous
displacements (not in the direction connecting anchor points) constitute
alarge part of the total displacement. There is no assurance that terminal
reactions will be acceptably low, even if a piping system falls within the
limitations of eq. (16).

Sp= (1)
- Z
where
i; = in-plane stress intensification factor; see
para. 319.3.6
i, = out-plane stress intensification factor; see
para. 319.3.6
M ; = in-plane bending moment range between any

two conditions being evaluated
M , = out-plane bending moment range between any
two conditions being evaluated
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319.5 Reactions

Reaction forces and moments used to design restraints
and supports for a piping system, and to evaluate the

effects of piping displacement on connected equip

ment,

shall be based on the maximum load from operating condi-

tions, including weight, pressure, and other sust
loads; thermal displacement; and, where applicable,

ained
occa-

sional loads. The reactions shall be calculated using the
modulus of elasticity at the temperature of the condition,

vl

Figure 319.4.4B Moments.in' Branch Connections

Leg 3

E., (E, may be used instead of E,,, when it provides.a
conservative result). The temperature of thefdon
may differ in different locations within the piping sy

Where cold spring is used in the pipingisystem, e
ence has shown that it cannot be fully dssured. Ther
the reactions shall be computed both with the assunj
that only two-thirds of the design ¢6ld spring is pr|
and with four-thirds of the design cold spring pre|

If it is necessary to determine the reactions at an
temperature, the designer shall consider loads a
condition, includingthe design cold spring an
springing of piping/Self springing may occur if the
ating stress in the piping system exceeds the yield str

more
lition
stem.
kKperi-
efore,
ption
Psent,
sent.

bient
[ that
l self
oper-
ength

of the material'or if the piping operates at temperatures in

the creep range of the material.

Leg 1
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319.5.1 Maximum Reactions for Simple Systems. For
a two-anchor piping system without intermediate
restraints, the maximum instantaneous values of reaction
forces and moments may be estimated from eqgs. (21) and
(22).

(a) For Extreme Displacement Conditions, R,,. The
temperature for this computation is the maximum or
minimum metal temperature defined in para.
319.3.1(b), whichever produces the larger reaction.

to stiffer run pipes are to be calculated separately, the
linear and angular movements of the junction point
must be calculated or estimated for proper analysis of

the branch.

319.7 Means of Increasing Flexibility

The layout of piping often provides inherent
through changes in direction, so that displ
produce chiefly bending and torsional strai

flexibility
acements
ns within

2C\E, prescribed limits. The amount of axial tension.oif compres-
R, = Rll - —J— (21) i . : . )
3 )E, sion strain (which produces large reactions) |usually is
small.
wherge Where the piping lacks built-in changes of direction, or
¢ = cold-spring factor varying from zero for no cold where it is unbalanced [see para. 319:2.2(b)], large reac-
spring to 1.0 for 100% cold spring. (The factor tions or detrimental overstrain, may be encountered. The
two-thirds is based on experience showing that designer should consider addirigflexibility by onie or more
specified cold spring cannot be fully assured, of the following means: hends, loops, or offsdts; swivel
even with elaborate precautions.) joints; corrugated pipe;-eXpansion joints of the bellows
E § = reference modulus of elasticity at 21°C (70°F) or slip-joint type; ot ether devices permitting angular,
E ;} = modulus of elasticity at maximum or minimum rotational, or axial\movement. Suitable anchots, ties, or
metal temperature other devices/shall be provided as necessary to resist
R = range of reaction forces or moments (derived end forces produced by fluid pressure, frictignal resis-
from flexibility analysis) corresponding to the tance to movement, and other causes. When gxpansion
full displacement stress range and based on E, joints orother similar devices are provided, the stiffness
R} = estimated instantaneous maximum reaction of thejoint or device should be considered in anyj flexibility
force or moment at maximum or minimum andlysis of the piping.
metal temperature
320 ANALYSIS OF SUSTAINED LOADS
(b)| For Original Condition, R,. The temperature for this . . .
compjutation is the expected temperature at which the 320.1 Basic Assumptions and Requirements
piping is to be assembled. Sustained conditions may be evaluated by detailed
Rq = CR or C1R, whichever is greater, where'nomen-  analysis, approximate methods, or simplified means
clature is as in para. 319.5.1(a) and such as span tables. When detailed analysis is performed,
SyE, the stress due to sustained loads, S;, shall be computed and
G=1- E (22) combined as described in this paragraph and shall not
exceed the allowable described in para. 302.3.5(c). See
= estimated self-sprin§ or relaxation factor; use ~ Appendix S, Example 2 for guidance on loading ¢onditions
zero if value of Cy\is'negative and supportscenarios thatresultin the greatest; for each
R | = estimated instantaneous reaction force or operating condition being considered. The lodds due to
moment atdnstallation temperature weight should be based on the nominal thickness of all
S d = computedidisplacement stress range (see system components unless otherwise justffied in a
para.,319:4.4) more rigorous analysis. Section modulj used to
S 1| = seetdéfinition in para. 302.3.5(d) compute the stresses in this paragraph shall| be based
on nominal pipe dimensions less allowanceg, i.e., the
. . sum of mechanical (thread or groove depth], internal
31¢ Maximum Reactions 1@ DITIPLEX =11 and-extern orroston—and-erosionallewantes. Areas

For multianchor piping systems and for two-anchor
systems with intermediate restraints, eqs. (21) and
(22) are not applicable. Each case must be studied to esti-
mate location, nature, and extent of local overstrain, and
its effect on stress distribution and reactions.

319.6 Calculation of Movements

Calculations of displacements and rotations at specific
locations may be required where clearance problems are
involved. In cases where small-size branch pipes attached
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used to compute the stresses in this paragraph assume
nominal pipe dimensions less allowances affecting the
inside diameter of the pipe, i.e., the sum of mechanical
and internal corrosion and erosion allowances. It is the
responsibility of the designer to determine sustained
stress indices, I, I, 1,, and I, when a piping component
is not explicitly addressed in ASME B31], e.g.,, base-ells,
reducing elbows, crosses, close proximity fittings, etc.,
as well as elbows, pipe bends, or miters other than 90

(20)
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deg or supported by a trunnion. Sustained stress indices
shall not be lower than 1.00.

320.2 Stress Due to Sustained Loads

The equation for the stress due to sustained loads, such
as pressure and weight, Sy, is provided in eq. (23a). Equa-
tions for the stress due to sustained bending moments, S,
are presented in eq. (23b).

2 (23a)

A , = cross-sectional area of the pipe, considering
nominal pipe dimensions less allowances; see
para. 320.1

F , = longitudinal force due to sustained loads, e.g.,
pressure and weight

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

Q //lf'llf'\zl/’\f'\
S — Ny \ogl T 55/ T (257

VIM)? + (M) (23b)
Sp =
Z
where
I; = sustained in-plane moment index. In the
hbsence of more-applicable data,’ I; is taken
hs the greater of 0.75i; or 1.00.
I , = sustained out-plane moment index. In the
hbsence of more-applicable data,” I, is taken
hs the greater of 0.75i, or 1.00.
M ; = In-plane moment due to sustained loads, e.g.,
bressure and weight
M , = put-plane moment due to sustained loads, e.g.,
bressure and weight
Z = $ustained section modulus. Z in egs. (23b) and

23c), is described in para. 319.4.4 but is
computed in this paragraph using nominal
bipe dimensions less allowances; see para.
320.1.

The eqyation for the stress due to sustained torsional
moment, §,, is
= IeMy (230)
2Z
where
I ; = Justained torsionalmoment index. In the
absence of more-applicable data,’ I, is taken
as 1.00.
M , = forsional,moment due to sustained loads, e.g.,
pressure.and weight

The equatjion for the stress due to sustained longitudinal

The-sustatredtongitadinratfeoree—F—inetudes the
sustained force due to pressure, which is P;4¢ynless
the piping system includes an expansion joint that is
not designed to carry this force itself, where P; |s the
internal operating pressure for the candition peing
considered, Af= 1Td2/4, and d is the pipe inside diameter
considering pipe wall thickness1ess applicable gllow-
ances; see para. 320.1. For piping systems that cqntain
expansion joints, it is the résponsibility of the degigner
to determine the sustained longitudinal force due to|pres-
sure in the piping system.

321 PIPING SUPPORT
321.1 General

The design of support structures (not covered bly this
Code)yand of supporting elements (see definitigns of
piping and pipe supporting elements in para. 3/00.2)
shall be based on all concurrently actingloads transmitted
into such supports. These loads, defined in paraf 301,
include weight effects, loads introduced by service[pres-
sures and temperatures, vibration, wind, earthquake,
shock, and displacement strain (see para. 319.2.2),

For piping containing gas or vapor, weight calculations
need not include the weight of liquid if the designér has
taken specific precautions against entrance of liquifl into
the piping, and if the piping is not to be subjected to hydro-
static testing at initial construction or subsequent irfspec-
tions.

321.1.1 Objectives. The layoutand design of pipinjg and
its supporting elements shall be directed toward
preventing the following:

(a) piping stresses in excess of those permitted in this
Code

(b) leakage at joints

(c) excessive thrusts and moments on connpcted

force, S,, Is
Ia

4p

o

S, = (23d)

where

9 The sustained stress or moment factor determined from ASME B3 1],
Table 1-1, General Note (d) may be considered as more applicable data.

equUipTTent {Such as pumps ard turbires)

(d) excessive stresses in the supporting (or
restraining) elements

(e) resonance with imposed or fluid-induced vibra-
tions

(f) excessive interference with thermal expansion and
contraction in piping which is otherwise adequately flex-
ible

(g) unintentional disengagement of piping from its
supports
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(h) excessive piping sag in piping requiring drainage
slope

(i) excessive distortion or sag of piping (e.g., thermo-
plastics) subject to creep under conditions of repeated
thermal cycling

(j) excessive heat flow, exposing supporting elements
to temperature extremes outside their design limits

321.1.2 Analysis. In general, the location and design of
pipe supporting elements may be based on simple calcu-

Any threaded adjustment shall be provided with a
locknut, unless locked by other means.

321.2 Fixtures
321.2.1 Anchors and Guides

(a) A supporting element used as an anchor shall be
designed to maintain an essentially fixed position.

(b) To protect terminal equipment or other (weaker)
portions of the system, restraints (such as anchors and

lationts and engineering judgment. However, when a more
refingd analysis is required and a piping analysis, which
may |nclude support stiffness, is made, the stresses,
moments, and reactions determined thereby shall be
used fin the design of supporting elements.

321.1.3 Stresses for Pipe Supporting Elements. Allow-
able ptresses for materials used for pipe supporting
elements, except springs, shall be in accordance with
paral 302.3.1. Longitudinal weld joint factors, E;,
howeper, need not be applied to the allowable stresses
for welded piping components that are to be used for

pipe supporting elements.

321.1.4 Materials

(a)| Permanent supports and restraints shall be of
material suitable for the service conditions. If steel is

cold-formed to a centerline radius less than twice its thick-
ness, |it shall be annealed or normalized after forming,
(b)| Gray, ductile, and malleable iron may be used for
rollers, roller bases, anchor bases, and other supporting
elemgnts subject chiefly to compressive loading. Gray iron
is nof recommended if the piping may be subject to
impagt-type loading resulting from pulsation or vibration.
Ductile and malleable iron may be used for pipe and beam
clamps, hanger flanges, clips, brackets;-and swivel rings.
(c)|Steel of an unknown specification may be used for
pipe supporting elements that-arenot welded directly to
presqure-containing piping~¢emponents. (Compatible
intermediate materials_ef known specification may be
weld¢d directly to suehycomponents.) Basic allowable
stress in tension of\Compression shall not exceed 82
MPa [(12 ksi) and.the support temperature shall be
withip the range of -29°C to 343°C (-20°F to 650°F).

guides) shall be provided where necessary\to control
movement or to direct expansion into~thosg portions
of the system that are designed to absorb them. The
design, arrangement, and location’of restralints shall
ensure that expansion joint movements occur inf the direc-
tions for which the joint is désigned. In additjon to the
other thermal forces and moments, the effects |of friction
in other supports of the systém shall be considgred in the
design of such anchors and guides.

(c) Piping layaeuty anchors, restraints, guides, and
supports for all types of expansion joints shall b¢ designed
in accordancewith para. X301.2 of Appendix [K.

321.2.2<Inextensible Supports Other Than Anchors
and Guides™

(@) Supporting elements shall be designed
the free movement of piping caused by thermal
and contraction.

(b) Hangers include pipe and beam clan
brackets, rods, straps, chains, and other dev
shall be proportioned for all required loads.
for threaded parts shall be based on the ro
the threads.

(c) Sliding Supports. Sliding supports (or shoes) and
brackets shall be designed to resist the forces due to fric-
tion in addition to the loads imposed by begring. The
dimensions of the support shall provide for the¢ expected
movement of the supported piping.

to permit
PxXpansion

ps, clips,
ces. They
bafe loads
bt area of

321.2.3 Resilient Supports™

(a) Spring supports shall be designed to exert a
supporting force, at the point of attachmgnt to the
pipe, equal to the load as determined bly weight

eccentric

For ktress\wvalues in shear and bearing, see  balance calculations. They shall be provided with
para.|302:31(b). means to prevent misalignment, buckling, or
(d) Wood or other materials may be used for pipe loading of the springs, and to prevent unintentid

nal disen-

supporting elements, provided the supporting element
is properly designed, considering temperature, strength,
and durability.

(e) Attachments welded or bonded to the piping shall
be of a material compatible with the piping and service.
For other requirements, see para. 321.3.2.

321.1.5 Threads. Screw threads shall conform to ASME
B1.1 unless other threads are required for adjustment
under heavy loads. Turnbuckles and adjusting nuts
shall have the full length of internal threads engaged.
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gagement of the load.

(b) Constant-support spring hangers provide a
substantially uniform supporting force throughout the
range of travel. The use of this type of spring hanger is
advantageous at locations subject to appreciable move-
ment with thermal changes. Hangers of this type
should be selected so that their travel range exceeds
expected movements.

1%yarious types of inextensible (solid) and resilient supports are il-
lustrated in MSS SP-58.


https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

(c) Means shall be provided to prevent overstressing
spring hangers due to excessive deflections. It is recom-
mended that all spring hangers be provided with position
indicators.

321.2.4 Counterweight Supports. Counterweights
shall be provided with stops to limit travel. Weights
shall be positively secured. Chains, cables, hangers,
rocker arms, or other devices used to attach the counter-
weight load to the piping shall be subject to the require-

(a) Integral reinforcement, complete encirclement re-
inforcement, or intermediate pads of suitable alloy and
design may be used to reduce contamination or undesir-
able heat effects in alloy piping.

(b) Intermediate pads, integral reinforcement,
complete encirclement reinforcement, or other means
of reinforcement may be used to distribute stresses.

The design of pipe-supporting elements and the local
effects on the piping component are the responsibility of

ments of para. 321.2.2.

321.2.5| Hydraulic Supports. An arrangement utilizing
a hydraulic cylinder may be used to give a constant
supporting force. Safety devices and stops shall be
provided to support the load in case of hydraulic failure.

321.3 st

Externdl and internal attachments to piping shall be
designed |so that they will not cause undue flattening
of the pipe, excessive localized bending stresses, or
harmful thermal gradients in the pipe wall. It is important
that attachments be designed to minimize stress concen-
tration, particularly in cyclic services.

321.3.1| Nonintegral Attachments. Nonintegral attach-
ments, in which the reaction between the piping and the
attachmentis by contact, include clamps, slings, cradles, U-
bolts, saddles, straps, and clevises. If the weight of a
vertical pipe is supported by a clamp, it is recommended
to prevenlt slippage that the clamp be located below a
flange, fitfing, or support lugs welded to the pipe.

321.3.2| Integral Attachments. Integral attachments
include plugs, ears, shoes, plates, trunnions, stanchions,
structural shapes, and angle clips, cast on wer welded to
the piping The material for integral attachments attached
by weldihg shall be of good weldable quality. [See
para. 321|1.4(e) for material requirements.] Preheating,
welding, aind heat treatment réquirements shall be in
accordanlce with Chapter V. €Consideration shall be
given to the localized stresses induced in the piping
component by welding-the integral attachment, as well
as differgntial thermal-displacement strains between
the attachinent and the component to which it is attached.

ructural Attachments

the-desigrer—Nonmandateryguidanece—onthe-design of
supports and attachments may be found as refesenced
in ASME BPVC, Section VIII, Division 1, Noumahdatory
Appendix G, G-9. The designer is cautioned that rjot all
the listed standards and bulletins inJG-9 are|l well
suited for use on branch-diameter-te-run-diameter and
run-diameter-to-run-thickness ratios typical for pipe
support component analyses,(e’g., Appendix A off WRC
Bulletin 537" lists the limitations to WRC Bulletin|537).

321.4 Structural Connections

The load from piping and pipe supporting elements
(including restraints and braces) shall be suitably frans-
mitted to a pressure vessel, building, platform, sulpport
structure, foundation, or to other piping capable of
bearing the load without deleterious effectd. See
Appendix F, para. F321.4.

PART 6
SYSTEMS

322 SPECIFIC PIPING SYSTEMS
322.3 Instrument Piping

322.3.1 Definition. Instrument piping within the scope
of this Code includes all piping and piping components
used to connect instruments to other piping or equipment,
and control piping used to connect air or hydraulically
operated control apparatus. It does not include ipstru-
ments, or permanently sealed fluid-filled tybing
systems furnished with instruments as temperatyre or
pressure responsive devices.

322.3.2 Requirements. Instrument piping shall|meet

Welds shill besproportioned so that the shear stresses : . .
meet thd req@irements of para. 302.3.1(b). If the the applicable requirements of the Code and the following:
allowed stress values differ between the piping compo- (a) The design pressure and temperature for i

hstru-

nent and the attachment material, the lower of the two
values shall be used. Where postweld heat treatment
of the piping is required by para. 331, welds for structural
attachments made directly to pressure-containing mate-
rials shall be postweld heat treated. Welds for structural
attachments not made directly to pressure-containing
materials do not require postweld heat treatment.
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ment piping shall be determined in accordance with
para. 301. If more severe conditions are experienced
during blowdown of the piping, they may be treated as
occasional variations in accordance with para. 302.2.4.

" WRC (Welding Research Council) 537-2010, “Precision Equations
and Enhanced Diagrams for Local Stresses in Spherical and
Cylindrical Shells Due to External Loadings for Implementation of
WRC Bulletin 107"
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(b) Consideration shall be given to the mechanical
strength (including fatigue) of small instrument connec-
tions to piping or apparatus (see para. 304.3.5).

(c) Instrument piping containing fluids that are
normally static and subject to freezing shall be protected
by heat tracing or other heating methods, and insulation.

(d) If it will be necessary to blow down (or bleed)
instrument piping containing toxic or flammable fluids,
consideration shall be given to safe disposal.

(c) Asanalternative to (b) above, stop valves shall be so
constructed and arranged that they can be locked or
sealed in either the open or closed position. See
Appendix F, para. F322.6.

322.6.2 Pressure Relief Discharge Piping. Discharge
lines from pressure-relieving safety devices shall be
designed to facilitate drainage. When discharging directly
to the atmosphere, discharge shall not impinge on other
piping or equipment and shall be directed away from plat-

322.6 Pressure-Relieving Systems

Prgssure-relieving systems within the scope of this
Code(shall conform to the following requirements. See
also Appendix F, para. F322.6.

322.6.1 Stop Valvesin Pressure Relief Piping. If one or
more|stop valves are installed between the piping being
protefrted and its protective device or devices, or between
the prjotective device or devices and the point of discharge,
they ghall meet the requirements of (a) and either (b) or
(c), bElow.

(a)| A full-area stop valve may be installed on the inlet
side of a pressure-relieving device. A full area stop valve
may pe placed on the discharge side of a pressure-
relieying device when its discharge is connected to a
comnpon header with other discharge lines from other
pressure-relieving devices. Stop valves of less than full
area fnay be used on both the inlet side and discharge
side of pressure-relieving devices as outlined herein if
the stpp valves are of such type and size that the increase
in pressure drop will not reduce the relieving capacity
below that required, nor adversely affect the proper
operdtion of the pressure-relieving device;

(b)| Stop valves to be used in pressure relief piping shall
be soconstructed or positively controlled that the closing
of thg maximum number of block valyes possible at one
time [will not reduce the pressure-relieving capacity
provided by the unaffected reli¢ving devices below the
requifed relieving capacity.

forms and other areas used by personnel. Reactions on the
piping system due to actuation of safety relief deyvices shall
be considered, and adequate strength shallbe pfovided to
withstand these reactions.

322.6.3 Pressure-Relieving Deyices

(a) Pressure-relieving “devices reqfiired by
para. 301.2.2(a) shallebesin accordance wjth ASME
BPVC, Section VIII, Division 1, UG-125(c), UG-126, UG-
127, and UG-132 through UG-136, excluding UG-135(e)
and UG-136(c). The terms design pressure** 4nd piping
system shalle substituted for maximum @llowable
working pressure and vessel, respectively, in these para-
graphs:The required relieving capacity of pny pres-
sure<relieving device shall include consideration of all
piping systems that it protects.

[b) Relief set pressure’® shall be in accordance with
Section VIII, Division 1, with the exceptions stat¢d in alter-
natives (1) and (2), below.

(1) With the owner’s approval, the set prefsure may
exceed the limits in Section VIII, Division 1, propided that
the limit on maximum relieving pressure stated in (c)
below will not be exceeded.

(2) For aliquid thermal expansion relief d
protects only a blocked-in portion of a piping s
set pressure shall not exceed the lesser of the s
pressure or 120% of design pressure.

(c) The maximum relieving pressure* s
accordance with Section VIII, Division 1, with the excep-
tion that the allowances in para. 302.2.4(f) are permitted,
provided that all other requirements of para. 3/02.2.4 are
also met.

evice that
ystem, the
ystem test

hall be in
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2 The design pressure for pressure relief is the maximum design pres-
sure permitted, considering all components in the piping system.

13 Set pressure is the pressure at which the device begins to relieve, e.g.,
lift pressure of a spring-actuated relief valve, bursting pressure of a
rupture disk, or breaking pressure of a breaking pin device.

™ Maximum relieving pressure is the maximum system pressure during
a pressure-relieving event.
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Chapter Il
Materials

323 GENERAL REQUIREMENTS

Chapter III states limitations and required qualifica-

323.2.2 Lower Temperature Limits, Listed Materials.
Listed materials shall be tested as described in
Table 323.2.2 except as exempted by (d) through (j).

TTatertats based O their ImTeTrent properties:
in piping is also subject to requirements and
ns in other parts of this Code [see para.
bee also para. 321.1.4 for support materials,
ndix F, para. F323, for precautionary considera-

tions for

Their use
limitatio
300(d)].

and Appe
tions.

323.1 Materials and Specifications

323.1.1| Listed Materials. Any material used in pres-
sure-contpining piping components shall conform to a
listed spetification except as provided in para. 323.1.2.

323.1.2| Unlisted Materials. Unlisted materials may be
used provided they conform to a published specification
covering ¢hemistry, physical and mechanical properties,
method and process of manufacture, heat treatment, and
quality control, and otherwise meet the requirements of
this Code.[See also ASME BPVC, Section II, Part D, Appendix
5. Allowable stresses shall be determined in accordance
with the applicable allowable stress basis of this Code or a
more congervative basis.

323.1.3( Unknown Materials. Materials of unknewn
specificatjon shall not be used for pressure-containing
piping components.

323.1.4
other pip
are prop
published
otherwise

Reclaimed Materials. Reclaimed pipe and
ng components may be used, provided they
brly identified as conforming to a listed or
specification (para. 323.1.1 or 323.1.2) and
meet the requirements-of this Code. Sufficient
cleaning pnd inspection shall’be made to determine
minimum|wall thickness and'freedom from imperfections
that woulfd be unacceptable in the intended service.

323.2 Temperature Limitations

The designer shall verify that materials that meet other
requirements of the Code are suitable for service

See Appendix F, para. F323.2.2.

(a) The allowable stress or component rating s
temperature colder than the minimum shown in
A-1, Table A-1M, or Figure 323.2.2A shall'not ekceed
the stress value or rating at the minimum tempernature
in Table A-1, Table A-1M, or the eggmponent standard.

(b) The stress ratio is used in/Figure 323.2.2B to dleter-
mine the allowable reduction.inthie impact test exenfption
temperature. The stress ratieis defined as the maximum of
the following:

(1) circumferentialpressure stress for the con
under consideratién (based on minimum pipe wall
ness less allowances) divided by the basic allowable
at the condition under consideration.

(2) forpiping components with pressure ratings, the
pressure for the condition under consideration divided by
the preéssure rating at the condition under considerjation.

(3) combined stress due to pressure, dead loads, live
loads, and displacement strain for the condition yinder
consideration divided by the basic allowable strgss at
the condition under consideration. In calculating this
combined stress, the forces and moments in the piping
system for these combined sustained loads and displace-
ment strains shall be calculated using nominal djmen-
sions, and the stresses shall be calculated ysing
eqgs. (23a) through (23d) with all of the stress indices
takenas 1.0 (I,=1;1,=1,=1.0) and using section propgrties
based on the nominal dimensions less corrosion, erpsion,
and mechanical allowances. Also see Appendix F,|para.
F323.2.2.

(c) Minimum impact test exemption temperpture
reduction may be used only when all of the follgwing
apply:

(1) The piping is not in Elevated Temperature|
Service.

(2) Local stresses caused by shock loading, thermal

.............. milar

t any
Table

Hition
thick-
btress

Fluid

throughout the operating temperature range.

323.2.1 Upper Temperature Limits, Listed Materials.
A listed material may be used at a temperature above the
maximum for which a stress value or rating is shown, only
if

(a) there is no prohibition in Appendix A or elsewhere
in the Code

(b) the designer verifies the serviceability of the mate-
rial in accordance with para. 323.2.4

48

metals (e.g., austenitic welded to ferritic) are less than
10% of the basic allowable stresses at the condition
under consideration.

(3) The piping is safeguarded from maintenance
loads, e.g., using a valve wheel wrench on a small bore
valve.

(d) Impact testing of the base metal is not required if
the design minimum temperature is warmer than or equal
to the temperature listed in the Min. Temp. column of
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Table 323.2.2 Requirements for Low Temperature Toughness Tests for Metals
These Toughness Test Requirements Are in Addition to Tests Required by the Material Specification

Type of Material

Column A

Design Minimum Temperature at or Warmer Than Minimum

Temperature in

Table A-1, Table A-1M, or Figure 323.2.2A or as Described in

Para. 323.2.2(h)

Column B
Design Minimum
Temperature Colder Than
Minimum Temperature in
Table A-1, Table A-1M,
or Figure 323.2.2A or as
Described in Para. 323.2.2(h)

Listed 1 Gray iron A-1 No additional requirements B-1 No additional requirements
Materiats 5 alleable and ductile A-2 No additional requirements B-2 Materials desighated in
iron; carbon steel in Box 2 shall net be used.
accordance with
Note (1)
(a) Base Metal (b) Weld Metal [Note (2)]

3 Other carbon steels; low | A-3 (a) No additional A-3 (b) The weld metal of the B-3 Each heat, test ynit, or lot of
and intermediate alloy requirements welding procedure qualification base material as {dentified in
steels; and ferritic, test coupon shall be impact the applicable base metal
martensitic, and duplex tested at or below the design specification shall be impact
stainless steels minimum temperature when tested except when Note (3)

that temperature is less than or Note (4) is satisfied. When
-18°C (0°F), except when materials are suljjected to
Note (3) or Note (4) is\satisfied; heat treatment diring fabri-
impact testing of thecweld metal cation, including hot bending
is not required wheh 'the clas- or forming and pgstweld heat
sification of the,welding treatment such af that
consumables according to the required by Tablp 331.1.1,
filler metal)spécification impact testing shall be
requires impact testing at or performed on mdterial that
below.the design minimum has been subject¢d to heat
temperature. treatment simulating the
anticipated heat freatment,
including, for pogtweld heat
treatment, at leasf 80% of the
time at temperatjire. Each
welding procedufe specifica-
tion shall be qualified in
accordance with [Table
323.3.1.
4 Austenitic stainless steels | A-4 (a) If A-4 (b) Weld metal deposits shall | B-4 Base metal and|weld metal
(1) carbon'ceritent by be impact tested in accordance deposits shall be|impact
analySis,>0.1% or with para. 323.3 if design tested in accordance with
(2) material is not in minimum temperature para.323.3.See Nptes (2), (5),
solution heat treated <-29°C (-20°F) except as and (6).
condition, then impact provided in para. 323.2.2 and in
test in accordance with Notes (5) and (6)
para. 323.3 for design
minimum temperature
<=29°C (-20°F) except
as provided in
Notes (5) and (6)

5 Austenitic.duetile iron, | A-5 (a) No additional A-5 (b) Welding is not permitted. | B-5 Base metal shall be impact

ASTM A571 requirements tested in accordance with
para 323.3. Do npt use
<-196°C (-320°F). Welding is
not permitted.

6 Aldminum, copper, A-6 (a) No additional A-6 (b) No additional B-6 Designer shall pbe assured
hickel, and their alloys; requirements requirements unless filler by suitable tests [[see
unalloyed titanium metal composition is outside Note (7)] that bakse metal,

the range for base metal weld deposits, afjd HAZ are
compositonr—then—testin suitable-at-the-design
accordance with item B-6 minimum temperature
Unlisted 7 An unlisted material shall conform to a published specification. Where composition, heat treatment, and product form are
Materials comparable to those of a listed material, requirements for the corresponding listed material shall be met. Other unlisted
materials shall be qualified as required in the applicable section of column B.
NOTES:

(1) Carbon steels conforming to the following are subject to the limitations in Box B-2: plates in accordance with ASTM A36,A283,and A570; pipe
in accordance with ASTM A134 when made from these plates; structural shapes in accordance with ASTM A992; and pipe in accordance with
ASTM A53 Type F and API 5L Gr. A25 butt weld.

(2) Impact tests that meet the requirements of Table 323.3.1, which are performed as part of the weld procedure qualification, will satisfy all
requirements of para. 323.2.2, and need not be repeated for production welds.

(3) See paras. 323.2.2(g) through (i).
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Table 323.2.2 Requirements for Low Temperature Toughness Tests for Metals (Cont’d)

NOTES: (Cont'd)

(4) Impact tests are not required when the maximum obtainable Charpy specimen has a width along the notch of less than 2.5 mm (0.098 in.).
Under these conditions, and where the stress ratio defined in para. 323.2.2(b) is greater than 0.3, the design minimum temperature shall not
be colder than the lower of -48°C (-55°F) or the minimum temperature for the material in Table A-1 or Table A-1M. See also para. 323.2.2(g).

(5)
(6

Impact tests are not required when the maximum obtainable Charpy specimen has a width along the notch of less than 2.5 mm (0.098 in.).
For austenitic stainless steels, impact testing is not required if the design minimum temperature is warmer than or equal to -104°C (-155°F),

and the stress ratio as defined in para. 323.2.2(b) is 0.3 or less. See also para. 323.2.2(g).

]

Tests may include tensile elongation, sharp-notch tensile strength (to be compared with unnotched tensile strength), or other tests,

conducted at or colder than design minimum temperature. See also para. 323.3.4.

Table A-1f, or Table A-1M, except as provided in Table
323.2.2, Box A-4(a) for austenitic stainless steel base
material| In some cases, welds will require either
impact tepting or testing as described in Table 323.2.2,
Box B-6 g¢ven when the base metal is not required to
be tested| See (f) for steels or Table 323.2.2, Box A-6
(b) for other materials.

(e) For|carbon steels with a letter designation in the
Min. Temp. column of Table A-1 or Table A-1M, the
minimumn temperature is defined by the applicable
curve and Notes in Figure 323.2.2A. If a design
minimum| temperature-thickness combination is on or
above the|curve, impact testing exemption requirements
described|in (d) apply.

(f) For steel materials, impact testing of welds,
including|those made in manufacturing (e.g., for seam
welded plipe and welded tees), is required if either
base matgrial is required to be impact tested or if the
design mlinimum temperature is colder than -182C
(0°F), except for manufacturing welds in austenitic stain-
less steel|base materials having a carbon conteht not
exceeding 0.10% and supplied in the solutien heat
treated dondition or as provided in Table 323.2.2,
Boxes A-3[b) and A-4(b). For impact testing'of production
welds, se¢ Table 323.2.2, Note (2).

(g) Forsteels, impact testing is fiot required for mate-
rial (inclufing welds) if the stress ratio as defined in (b) is
0.3 or lesg, the design minimun temperature is warmer
than or equal to -104°C (5155°F), and when (c) applies.

(h) Forcarbon, low alloy, and intermediate alloy steel
materials |(including&élds) that have not been qualified
by impadt testing, the minimum temperature from
Table A-1, Table*A-1M, or Figure 323.2.2A may be

reduced |te.a-temperature no colder than -48°C
(_55°F) b ithe temneorature reduction nrovided in
J | bl b 134 M

-104°C (-155°F) by the temperature reduection|from
Figure 323.2.2B when (c) applies.
(j) Impact testing is not required’for the follgwing
combinations of weld metals and-design minjimum
temperatures:
(1) for austenitic stainless steel base materials
having a carbon content fiet*exceeding 0.10%, wielded
without filler metal, at désign minimum temperdtures
of -104°C (-155°F) and warmer
(2) for austenitic weld metal
(-a) hawvingla carbon content not exceeding 0
and produced With filler metals conforming to AWS
A5.9,A5.11)A5.14, or A5.221 at design minimum tem
tures of,-104°C (-155°F) and warmer, or
(-b) havinga carbon contentexceeding 0.10%, and
produced with filler metals conforming to AWS A5.4| A5.9,
A5.11, A5.14, or A5.22" at design minimum temperatures
of -48°C (-55°F) and warmer

10%,
A5.4,
pera-

323.2.3 Temperature Limits, Unlisted Materials. An
unlisted material, acceptable under para. 323.1.2) shall
be qualified for service at all temperatures within a
stated range, from design minimum temperatyre to
design maximum temperature, in accordance|with
para. 323.2.4.

323.2.4 Verification of Serviceability

(a) When an unlisted material is to be used, or when a
listed material is to be used above the highest tempernature
for which stress values appear in Appendix A, the degigner
is responsible for demonstrating the validity of the 3llow-
able stresses and other limits used in design and pf the
approach taken in using the material, includinlg the

Figure 323.2.2B when (c) applies. For carbon, low
alloy, and intermediate alloy steel welds that require
impact testing in accordance with Table 323.2.2, Box
A-3(b), the temperature reduction from Figure
323.2.2B shall be applied to -29°C (-20°F).

(i) For carbon, low alloy, and intermediate alloy steel
materials (including welds) that have been qualified by
impact testing, the permitted design minimum tempera-
ture may be reduced to a temperature no colder than

50

! Titles of referenced AWS standards are as follows:

AWS A5.4/A5.4M, Specification for Stainless Steel Electrodes for
Shielded Metal Arc Welding

AWS A5.9/A5.9M, Welding Consumables—Wire Electrodes, Strip
Electrodes, Wires, and Rods for Arc Welding of Stainless and Heat
Resisting Steels—Classification

A5.11/A5.11M, Specification for Nickel and Nickel-Alloy Welding Elec-
trodes for Shielded Metal Arc Welding

A5.14/A5.14M, Specification for Nickel and Nickel-Alloy Bare Welding
Electrodes and Rods

A5.22/A5.22M, Specification for Stainless Steel Flux Cored and Metal
Cored Welding Electrodes and Rods
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Figure 323.2.2A Minimum Temperatures Without Impact Testing for Carbon Steel Materials

(See Table A-1 or Table A-1M for Designated Curve for a Listed Material; see Table 323.2.2A for Tabular Values)

NOTEY:
Fdr blind flanges and blanks made fromymaterials with a letter designation in the Min. Temp. column of Table A-1 or Table A-1M,

)

(2)
(3
4)

()
(6)

of]

applicable.
Any carbon steel material may 'be/used to a minimum temperature of -29°C (-20°F) for Category D Fluid Service.

X

THe following materials miay be used in accordance with Curve D if normalized:

A

Iy

Nominal Thickness, T, in. [Note (1)]
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Nominal Thickness, T, mm [Note (1)]

the total thickness, where the total\thickness is the thickness of the blind flange or blank including the thickness of the

Grades of API 5L, and ASTM.A381 materials, may be used in accordance with Curve B if normalized or quenched and td

a) ASTM A516 plateyall grades

b) ASTM A671 pipe Mmade from A516 plate, all grades
c¢) ASTM A672\pipe made from A516 plate, all grades
elding procedure for the manufacture of pipe or components shall include impact testing of welds and HAZ for any desig
nperatute below -29°C (-20°F), except as provided in Table 323.2.2, A-3(b).

pacttesting in accordance with para. 323.3 is required for any design minimum temperature below -48°C (-55°F), exceptas
ter(3)4n Table 323.2.2.

Design Minimum lemperature, F

T shall be %,
facing(s), if

mpered.

n minimum

ermitted by
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Table 323.2.2A Tabular Values for Minimum Temperatures Without Impact Testing for Carbon Steel Materials
(See Figure 323.2.2A for Curves)

Nominal Thickness, Lowest Exemption Temperature
T Curve A Curve B Curve C
[Note (1)] [Note (2)] [Note (3)] [Note (3)] Curve D

mm in. °C °F °C °F °C °F °C °F

6.4 0.25 -9.4 15 -28.9 -20 -48.3 -55 -48.3 -55

7.9 0.3125 -9.4 15 -28.9 -20 -48.3 -55 -48.3 -55

9.5 0.375 -9.4 15 -28.9 -20 -48.3 -55 -48.3 -55
10.0 0.394 -9.4 15 -28.9 -20 -48.3 =55 -48.3 -5%
11.1 0.4375 -6.7 20 -28.9 -20 -41.7 -43 -48.3 ~5%
12.7 0.5 -1.1 30 -28.9 -20 -37.8 -36 -48.3 -5%
14.3 0.5625 2.8 37 -21.7 -7 -35.0 -31 -45.6 -5
159 0.625 6.1 43 -16.7 2 -32.2 -26 -43.9 -47
17.5 0.6875 8.9 48 -12.8 9 -29.4 =21 541.7 -4
19.1 0.75 11.7 53 -9.4 15 -27.2 -17 -40.0 -4
20.6 0.8125 14.4 58 -6.7 20 -25.0 -13 -38.3 =37
22.2 0.875 16.7 62 -39 25 -23.3 -10 -36.7 -3¢
23.8 0.9375 18.3 65 -1.7 29 -21.7 -7 -35.6 -3
25.4 1.0 20.0 68 0.6 33 -19.4 -3 -34.4 -3
27.0 1.0625 22.2 72 2.2 36 -183 -1 -33.3 -2
28.6 1.125 239 75 3.9 39 -16.7 2 -32.2 -2¢
30.2 1.1875 25.0 77 5.6 42 <15.6 4 -30.6 -2
31.8 1.25 26.7 80 6.7 44 -14.4 6 -29.4 =21
333 1.3125 27.8 82 7.8 46 -13.3 8 -28.3 -19
34.9 1.375 28.9 84 8.9 48 -12.2 10 -27.8 -1
36.5 1.4375 30.0 86 9.4 49 -11.1 12 -26.7 -1¢
38.1 1.5 311 88 10.6 51 -10.0 14 -25.6 -14
39.7 1.5625 32.2 90 11.7 53 -8.9 16 -25.0 -1
41.3 1.625 33.3 92 12.8 55 -8.3 17 -23.9 -11
42.9 1.6875 339 93 13.9 57 -7.2 19 -23.3 -1
44.5 1.75 34.4 94 14.4 58 -6.7 20 -22.2 -
46.0 1.8125 35.6 96 15.0 59 -5.6 22 -21.7 -1
47.6 1.875 36.1 97 16.1 61 -5.0 23 -21.1 -6
49.2 1.9375 36.7 98 16.7 62 -4.4 24 -20.6 -$
50.8 2.0 37.2 99 17.2 63 -3.3 26 -20.0 -4
52.4 2.0625 37.8 100 17.8 64 -2.8 27 -19.4 -
54.0 2.125 383 101 18.3 65 -2.2 28 -18.9 -2
55.6 2.1875 38.9 102 18.9 66 -1.7 29 -18.3 -1
57.2 2.25 38.9 102 19.4 67 -1.1 30 -17.8
58.7 2.3125 39.4 103 20.0 68 -0.6 31 -17.2 |
60.3 2.375 40.0 104 20.6 69 0.0 32 -16.7 p
61.9 2:4375 40.6 105 21.1 70 0.6 33 -16.1
63.5 2.5 40.6 105 21.7 71 1.1 34 -15.6 I
65.1 25625 4+t 166 27 7+ +7 35 15-6 )
66.7 2.625 41.7 107 22.8 73 2.2 36 -14.4 6
68.3 2.6875 41.7 107 22.8 73 2.8 37 -13.9 7
69.9 2.75 42.2 108 23.3 74 3.3 38 -13.3 8
71.4 2.8125 42.2 108 239 75 3.9 39 -13.3 8
73.0 2.875 42.8 109 24.4 76 4.4 40 -12.8 9
74.6 2.9375 42.8 109 25.0 77 4.4 40 -12.2 10
76.2 3.0 43.3 110 25.0 77 5.0 41 -11.7 11
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Table 323.2.2A Tabular Values for Minimum Temperatures Without Impact Testing for Carbon Steel Materials
(See Figure 323.2.2A for Curves) (Cont’d)

NOTES:

(1) Forblind flanges and blanks made from materials with a letter designation in the Min. Temp. column of Table A-1 or Table A-1M, T shall be %,
of the total thickness, where the total thickness is the thickness of the blind flange or blank including the thickness of the facing(s), if
applicable.

(2) X Grades of API 5L, and ASTM A381 materials, may be used in accordance with Curve B if normalized or quenched and tempered.

(3) The following materials may be used in accordance with Curve D if normalized:

(a) ASTM A516 plate, all grades
b) ASTM A671 pipe made from A516 plate, all grades
c) ASTM A672 pipe made from A516 plate, all grades

Figure 323.2.2B Reduction in Lowest Exemption Temperature for Steels Without Impaet Testing
(See Table 323.2.2B for Tabular Values)
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Temperature Reduction, °C (°F)

GENERAL NOTE: See para. 323.2.2(b) to determine stress ratio.
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Table 323.2.2B Tabular Values for Reduction in Lowest Exemption Temperature for Steels Without Impact Testing
(See Figure 323.2.2B for Curve and Applicable Notes)

Reduction in Exemption Temperature Reduction in Exemption Temperature

Stress Ratio °C °F Stress Ratio °C °F
1.00 0 0 0.64 20 36
0.99 1 1 0.63 21 37
0.98 1 2 0.62 21 38
0.97 2 3 0.61 22 40
0.96 2 Vi) 060 23 41
0.95 3 5 0.59 23 42
0.94 3 6 0.58 24 44
093 4 7 0.57 26 46
0.92 4 8 0.56 26 47
091 5 9 0.55 27 49
0.90 6 10 0.54 28 51
0.49 6 11 0.53 29 53
.88 7 12 0.52 31 56
.87 7 13 0.51 33 59
.86 8 14 0.50 34 61
0.5 8 15 0.49 36 65
.84 9 16 0.48 38 68
.83 9 17 0.47 40 72
0.92 10 18 0.46 42 76
0.91 11 19 0.45 44 80
0.40 11 20 0.44 47 85
0.79 12 21 0.43 50 90
0.18 12 22 0.42 53 96
0.17 13 23 0.41 56 101
0.716 13 24 0.40 60 108
0.15 14 25 0.39 64 115
0.14 14 26 0.38 68 122
0.13 15 27 0.37 72 130
0.12 16 28 0.36 77 138
0.11 16 29 0.35 82 147
0.70 17 30 0.34 87 156
0.99 17 31 0.33 92 166
0.48 18 32 0.32 98 177
0.6% 18 33 8-3+ 164 188
0.66 18 33 0.30 111 200
0.65 19 34 0.30 120 217
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derivation of stress data and the establishment of
temperature limits.

(b) Data for the development of design limits shall be
obtained from a sound scientific program carried out in
accordance with recognized technology for both the mate-
rial and the intended service conditions. Factors to be
considered include

(1) applicability and reliability of the data, especially
for extremes of the temperature range

2) racictamnenaofthammatariales dalatarionc affaote of
FesiStahce-othe-ateFarto-aerete oS- eHectsSo+

irregularities. Alternatively, such material may be reduced
in thickness to produce the largest possible Charpy
subsize specimen. See Table 323.3.4.

323.3.4 Test Temperatures. For all Charpy impact
tests, the test temperature criteria in (a) or (b) shall
be observed. The test specimens, as well as the handling
tongs, shall be cooled for a sufficient length of time to reach
the test temperature.

(a) For Materials of Thickness Equal to or Greater Than

the fl
temp

1id service and of the environment throughout the
prature range
3) determination of allowable stresses in accor-

dancg with para. 302.3

323.3 Impact Testing Methods and Acceptance

Criteria

323
Tabld
the e
with
tance

32;

.3.1 General. When impact testing is required by

323.2.2, provisions elsewhere in this Code, or
hgineering design, it shall be done in accordance
[able 323.3.1 using the testing methods and accep-
criteria described in paras. 323.3.2 through 323.3.5.

.3.2 Procedure. Impact testing of each product
form |of material for any specification (including welds
in the components) shall be done using procedures
and apparatus in accordance with ASTM A370. For mate-
rial fqrms that are represented by the ASTM specifications
listed| below, impact tests shall be conducted in confors
mance with those requirements as well. When conflicts
exist|between the specific requirements of this*€ode
and the requirements of those specifications, the require-

ment$ of this Code shall take precedence.
Product Form ASTM, Spec. No.
Pipe A333
Tube A334
Fittings A420
Forginggs A350
Castings A352
Bolting A320
Plate A20
GENERAL NOTE: Titles of referenced standards not listed in the

Specif]
mentd

cations Index for Appendix A are A20 General Require-
for Steel Plates for Pressure Vessels and A370 Test

10 mm (0.394 in.). Where the largest attainable [Charpy V-
notch specimen has a width along the notch of at least 8
mm (0.3151n.), the Charpy test using such'aspecimen shall
be conducted at a temperature not higher than the design
minimum temperature. Where the largest possible test
specimen has a width along the hotch less than 8 mm,
the test shall be conducted at a temperatyre lower
than the design minimum témperature by the amount
shown in Table 323.3@&-for that specimen width.

(b) For Materials’With Thickness Less Thqn 10 mm
(0.394 in.). Where the largest attainable (harpy V-
notch specimén has a width along the notch pf at least
80% of the‘material thickness, the Charpy tept of such
a specimen shall be conducted at a temperpture not
higher‘than the design minimum temperature. Where
the largest possible test specimen has a wifdth along
the nhotch of less than 80% of the material thickness,
the test shall be conducted at a temperatyre lower
than the design minimum temperature by ah amount
equal to the difference (referring to Table 323.3.4)
between the temperature reduction corresppnding to
the actual material thickness and the temperatyire reduc-
tion corresponding to the Charpy specimen width actually
tested.

323.3.5 Acceptance Criteria

(a) Minimum Energy Requirements. Except for bolting
materials, the applicable minimum energy requirement
for carbon and low alloy steels with dpecified
minimum tensile strengths less than 656 MPp (95 ksi)
shall be those shown in Table 323.3.5.

(b) Lateral Expansion Requirements. Other chrbon and
low alloy steels having specified minimum tensile
strengths equal to or greater than 656 MP4q (95 ksi),
all bolting materials, and all high alloy steels |(P-Nos. 6,
7,8, 10H, and 10I) shall have a lateral expansioh opposite

Methods and Definitions for Mechanical Testing of Steel
Products.

323.3.3 Test Specimens. Each set of impact test speci-
mens shall consist of three specimen bars. All impact tests
shall be made using standard 10 mm (0.394 in.) square
cross section Charpy V-notch specimen bars, except when
the material shape or thickness does not permit. Charpy
impact tests may be performed on specimens of full mate-
rial thickness, which may be machined to remove surface

55

thenotchof mottess—thamr 0381 (0015 T 1.) for all
specimen sizes. The lateral expansion is the increase in
width of the broken impact specimen over that of the
unbroken specimen measured on the compression
side, parallel to the line constituting the bottom of the
V-notch (see ASTM A370).

(c) Weld Impact Test Requirements. Where two base
metals having different required impact test acceptance
criteria are joined by welding, the impact test acceptance
criteria shall conform to the requirements of the base
material having a specified minimum tensile strength
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Table 323.3.1 Impact Testing Requirements for Metals

Column A Column B
Materials Tested by the Manufacturer [Note (1)] | Materials Not Tested by the Manufacturer
Test or Those in Table 323.2.2 Requiring Impact Tests | or Those Tested But Heat Treated During
Characteristics Only on Welds or After Fabrication
Tests Number of A-1 The greater of the number required by B-1 The number required by the applicable
on tests (a) the material specification or specification listed in para. 323.3.2
Materials (b) the applicable specification listed in [Note (2)]
para. 323.3.2 [Note (2)]
Location and 2 As required by the applicable specification listed in para. 323.3.2.
orientation
of specimens
Tests by A-3 The manufacturer B-3 The fabricator or erectoy
Tests Qualification 4 The supplementary essential variables of ASME BPVC, Section IX, shall applyrte, the welding
on Welds requirements procedure qualification.
Im Extent of testing A-5Impacttests shall be performed on the weld metal | B-5 If simulated heat treatment is requifed by
Fabricatjion [Note (3)] and the heat-affected zone (HAZ) of the procedure Table 323.2.2,item/B-3, and material§ were
or Assembly qualification test coupon at or below the design supplied withdut impact test data baged on
minimum temperature and shall meet the test pieceSithat were subjected to such heat
acceptance criteria applicable to the base metal in treatmerit,/ the fabricator or erector phall
accordance with para. 323.3. conduct impact tests on material thgt has
been given such heat treatment.
Location and 6
orientation (@) Weld metal: across the weld, with notch in the Weld metal; notch axis shall be normal to mjterial
of specimens surface, with one face of specimen <1.5 miw/ ("¢ in.) from the material surface.
(b) HAZ: across the weld and long enough te‘locate notch in the HAZ after
etching; notch axis shall be approximately normal to material surface and shall includg as
much as possible of the HAZ in the’fracture.
Tests by 7 The fabricator or erector
NOTES:

(1) A certiffed report of impact tests performed (after being appropriately heat treated as required by Table 323.2.2, item B-3) by the|manu-

facture
that

(a) the tests were conducted on specimens representative;of the material delivered to and used by the fabricator or erector, or

shall be obtained as evidence that the material (includingany welds used in its manufacture) meets the requirements of this Cdde and

(b) the tests were conducted on specimens removed_fromtest pieces of the material which received heat treatment separately in the same

mannel| as the material (including heat treatment by the manufacturer) so as to be representative of the finished piping
(2) If welding is used in manufacture, fabrication, or ‘erection, tests of the HAZ will suffice for the tests of the base material.

(3) The test piece shall be large enough to permit-preparing three specimens from the weld metal and three from the HAZ (if requifed) in

accordgnce with para. 323.3. If this is not possible, preparation of additional test pieces is required.

most clogely matching the specified minimum tensile
strength of the weld metal.
(d) Retests

(1) FKor Absorbed(Energy Criteria. When the average
value of the threesspecimens equals or exceeds the
minimum valuetpermitted for a single specimen and
the valud for-more than one specimen is below the
required|aVerage value, or when the value for one

which must equal or exceed the specified minjmum
value of 0.38 mm (0.015 in.). In the case of|heat
treated materials, if the required values are not obtlained
in the retest or if the values in the initial test are belgw the
minimum allowed for retest, the material may be reheat
treated and retested. After reheat treatment, a set of{three
specimens shall be made. For acceptance, the lateral
expansion of each of the specimens must eqyal or

specimen 15 below tiie MINIMUM value permitted for a
single specimen, a retest of three additional specimens
shall be made. The value for each of these retest specimens
shall equal or exceed the required average value.

(2) For Lateral Expansion Criterion. If the value of
lateral expansion for one specimen in a group of three
is below 0.38 mm (0.015 in.) but not below 0.25 mm
(0.01 in.), and if the average value for three specimens
equals or exceeds 0.38 mm (0.015 in.), a retest of
three additional specimens may be made, each of

€Xceed the specified minimum vaiue of 0.38 mm
(0.015 in.).

(3) For Erratic Test Results. When an erratic result is
caused by a defective specimen or there is uncertainty in
the test procedure, a retest will be allowed.
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Table 323.3.4 Charpy Impact Test Temperature

609 may be used within the pressure-temperature ratings
given in ASME B16.42.

Welding shall not be performed in the fabrication or
repair of ductile iron components nor in assembly of
such components in a piping system.

(b) Other Cast Irons. The following shall not be used
under severe cyclic conditions. If safeguarding is provided
against excessive heat and thermal shock and mechanical
shock and abuse, they may be used in other services

Reduction
Actual
Material Thickness
[See Para. 323.3.4(b)] Temperature
or Charpy Impact Reduction
Specimen Width Below Design
Along the Notch Minimum
[Note (1)] Temperature
mm in. °C °F
10 (fu]l size standard bar) 0.394 0 0
0.354 0
0.315

7.5 (%4 size bar) 0.295 2.8

7 0.276 44
6.67 (V4 size bar) 0.262 5.6 10
6 0.236 83 15
5 (% gize bar) 0.197 11.1 20
4 0.157 16.7 30
3.33 (5 size bar) 0.131 19.4 35
3 0.118 22.2 40
2.5 (Y} size bar) 0.098 27.8 50

GENERAL NOTE: These temperature reduction criteria do not apply,
when Table 323.3.5 specifies lateral expansion for minimum required
values

NOTE{ (1) Straight-line interpolation for intermediate values is
permitted.

323.4 Fluid Service Requirements for Materials

323.4.1 General. Requireménts in para. 323.4 apply to
pressjre-containing parts. They do not apply to materials
used [for supports, gaskets,/packing, or bolting. See also
Appendix F, para. F3234.

323.4.2 Specific-Requirements

(a)| Ductiledron. Ductile iron shall not be used for pres-
sure [containing parts at temperatures below -29°C
(-209F); fexcept austenitic ductile iron) or above 343°C

subjeet-to-thefollowingrequirements:
(1) Gray iron shall not be used above groynd within
process unit limits in hydrocarbon or gther flammable
fluid service at temperatures above 149°C (3000°F) nor
at gage pressures above 1 035 kPa (150 psi). In ¢ther loca-
tions the pressure limit shall bey2760 kPa (400 psi).
(2) Malleable iron shalliot be used in|any fluid
service at temperatures below -29°C (-20°F) or above
343°C (650°F) and shalknot be used in flamnjable fluid
service at temperatufes above 149°C (3009F) nor at
gage pressures above 2760 kPa (400 psi).
(3) High silieon iron (14.5% Si) shall not pe used in
flammable fhiid service. The manufacturer $hould be
consulted fof pressure-temperature ratings and for
precautionary measures when using this matdrial.
(c)<Other Materials
(1) If welding or thermal cutting is perfprmed on
aluminum castings, the stress values in Agpendix A
and component ratings listed in Table 326.1 afe not ap-
plicable. Itis the designer’s responsibility to estgblish such
stresses and ratings consistent with the requirlements of
this Code.
(2) Lead and tin and their alloys shall not pe used in
flammable fluid services.

323.4.3 Cladding and Lining Materials. Matgrials with
metallic cladding or metallic lining may be usedl in accor-
dance with the following provisions:

(a) If piping components are made from integrally clad
plate conforming to

(1) ASTM A263, Corrosion-Resisting Ghromium
Steel Clad Plate, Sheet, and Strip
(2) ASTM A264, Stainless Chromium-Nigckel Steel
Clad Plate, Sheet, and Strip
(3) ASTM A265, Nickel and Nickel-Base Alloy Clad
Plate, Sheet, and Strip

Then pressure design in accordance with rules in

(650°F)Austemnitic ductite irom conforming to ASTM
A571 may be used at temperatures below -29°C
(-20°F) down to the temperature of the impact test
conducted in accordance with that specification but
not below -196°C (-320°F).

Valves having bodies and bonnets or covers made of
materials conforming to ASTM A395 and meeting the re-
quirements of ASME B16.42 and additional requirements
of ASME B16.34 Standard Class, API 594, API 599, or API

para. 304 may be based upon the total thickness of
base metal and cladding after any allowance for corrosion
has been deducted, provided that both the base metal and
the cladding metal are acceptable for Code use under para.
323.1, and provided that the clad plate has been shear
tested and meets all shear test requirements of the appli-
cable ASTM specification. The allowable stress for each
material (base and cladding) shall be taken from
Appendix A, or determined in accordance with the
rules in para. 302.3, provided, however, that the allowable
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Table 323.3.5 Minimum Required Charpy V-Notch Impact Values

Energy [Note (2)]

Fully Deoxidized Other Than Fully
Specified Minimum Number of Specimens Steels Deoxidized Steels
Tensile Strength [Note (1)] Joules ft-1bf Joules ft-1bf
(a) Carbon and Low Alloy Steels
448 MPa (65 ksi) and less Average for 3 specimens 18 13 14 10
Minimum for 1 specimen 14 10 10 7
Over 448 tp 517 MPa (75 ksi) Average for 3 specimens 20 15 18 13
Minimum for 1 specimen 16 12 14 14
Over 517 Hut not incl. 656 MPa (95 ksi) Average for 3 specimens 27 20
Minimum for 1 specimen 20 15
Lateral Expangion
656 MPa ahd over [Note (3)] Minimum for 3 specimens 0.38 mm(0015 in.)
(b) Steels fin P-Nos. 6, 7, 8, 10H, and 101 Minimum for 3 specimens 0.38 mm (0.015 in.)
NOTES:
(1) See parja. 323.3.5(d) for permissible retests.
(2) Energypalues in this Table are for standard size specimens. For subsize specimens, these valués shall be multiplied by the ratio of thg actual
specim¢n width to that of a full-size specimen, 10 mm (0.394 in.).
(3) For bolfing of this strength level in nominal sizes M 52 (2 in.) and under, the impact requirements of ASTM A320 may be applied. For polting
over M|52, requirements of this Table shall apply.
stress usefl for the cladding portion of the design thickness (d)” Fabrication by welding of clad or lined giping
shall never be greater than the allowable stress used for components and the inspection and testing of such cqmpo-
the base jportion. nents shall be done in accordance with applicable provi-
(b) Forall other metallic clad or lined piping compe* sions of ASME BPVC, Section VIII, Division 1, UCL-30
nents, the|base metal shall be an acceptable Code material through UCL-52, or the provisions of Chapters ¥ and
as defined in para. 323.1 and the thickness used.inpres- VI of this Code, whichever are more stringent.
sure design in accordance with para. 304 shall notinclude
the thicknkss of the cladding or lining. The allowable stress ~ 323.5 Deterioration of Materials in Service
used thall beltlhat for the baseﬁnetlal(?;_the deilgp tempers- Selection of material to resist deterioration in seryice is
ture. For <ucl l(l:om-porilen.ts,dt ecla fH;lg orining m.ayble not within the scope of this Code. See para. 300(c)(6]. Rec-
?ny r}?aFenadt gt, mt_ € dgrfnen;o ¢ ehus(;er,fls Smtaf € ommendations based on experience are present¢d for
or the infended service an. .or the method of manufac- guidance in Appendix F, para. F323.
ture and @ssembly of the piping component.
c) Exceptfor components-designed in accordance with
(¢) Excep ponerts design 1th 375 MATERIALS — MISCELLANEOUS
provisions of (a) , fluid service requirements for materials
s.ta'ted'ln t .115 Code shallnotrestrict theu" use as.claddlng or 325.1 Joining and Auxiliary Materials
lining in pfipe or other*components. Fluid service require-
ments for|the outer material (including those for compo- When selecting materials such as adhesives, cements,
nents and joints) shall govern, except that temperature  solvents, solders, brazing materials, packing, and Ofrings
limitationls_6f hoth inner and outer materials, and of for making or sealing joints, the designer shall comsider
any bond between them, shall be considered. their suitability for the fluid service. (Consideration

should also be given to the possible effects of the
joining or auxiliary materials on the fluid handled.)
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Chapter IV
Standards for Piping Components

DIMENSIONS AND RATINGS
OF COMPONENTS

Dimensional Requirements

.1.1 Listed Piping Components. Dimensional stan-
! for piping components are listed in Table 326.1.
hsional requirements contained in specifications
in Appendix A shall also be considered requirements
5 Code.

.1.2 Unlisted Piping Components. Piping compo-
not listed in Table 326.1 or Appendix A shall
the pressure design requirements described in
302.2.3 and the mechanical strength requirements
bed in para. 302.5.

.1.3 Threads. The dimensions of piping connection
s not otherwise covered by a governing component
ard or specification shall conform to the require+
5 of applicable standards listed in Table 326.1-or
ndix A.

326.2 Ratings of Components

326.2.1 Listed Components. The pressure
ture ratings of components listedrin Table
accepted for pressure design in accerdance with|

326.2.2 Unlisted Components. The p

rtempera-
326.1 are
para.303.

ressure-

temperature ratings of unlisted piping components

shall conform to the applicable provisions of

326.3 Reference. Documents

The documentsTisted in Table 326.1 contain 1
to codes, standards, and specifications not liste
326.1. Such unlisted codes, standards, and spe
shall be.used only in the context of the listed dog
whichvthey appear.

The design, materials, fabrication, assembly,
tion, inspection, and testing requirements of thi
not applicable to components manufactured
dance with the documents listed in Table 32¢
specifically stated in this Code or the listed d

bara. 304.

eferences
d in Table
cifications
uments in

examina-
5 Code are
in accor-
.1, unless
cument.

Mt is not practical to refer to a specific edition of each standard
throughout the Code text. Instead, the approved edition references,
along with the names and addresses of sponsoring organizations, are

shown

in Appendix E.
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Table 326.1 Component Standards

Standard or Specification Designation
Bolting
Square, Hex, Heavy Hex, and Askew Head Bolts and Hex, Heavy Hex, Hex Flange, Lobed Head, and Lag Screws ASME B18.2.1
(INCh SerieS) . ottt e e
Nuts for General Applications: Machine Screw Nuts, Hex, Square, Hex Flange, and Coupling Nuts (Inch Series) . . . . ASME B18.2.2

Continuous Thread Stud, Double-End Stud, and Flange Bolting Stud (Stud Bolt) (Inch Series) ..................

Metallic Fittings, Valves, and Flanges

ASME B18.31.2

Gray Iron Hipe Flanges and Flanged Fittings: Classes 25, 125, and 250 .. ........ ... ittt ASME B16.1
Malleable Iyon Threaded Fittings: Classes 150 and 300 . ... ...ttt i e ASME B16.3
Gray Iron Threaded Fittings: Classes 125 and 250 . ...... ... .. i i it ASMH B16.4
Pipe Flangds and Flanged Fittings: NPS !/, Through NPS 24 Metric/Inch Standard ........................... ASME B16.5
Factory-Mafle Wrought Buttwelding Fittings . ... ...... ... . e ) ASME B16.9
Face-to-Facp and End-To-End Dimensions of Valves .......... ... ... .. i) ASME B16.10
Forged Fitt|ngs, Socket-Welding and Threaded ............. .. ... . it ASME B16.11
Ferrous Pipgle Plugs, Bushings, and Locknuts With Pipe Threads .......... ... ... ... ... .. . . . /N L. ASME B16.14
Cast Coppef Alloy Threaded Fittings: Classes 125 and 250 [Note (1)] ... ..o ve i S ASME B16.15
Cast Coppef Alloy Solder Joint Pressure Fittings .. ... ... ...t e N e e e s ASME B16.18
Wrought Cqpper and Copper Alloy Solder-Joint Pressure Fittings . ............ ... ... .. €/ . ASME B16.22
Cast Coppef Alloy Pipe Flanges, Flanged Fittings, and Valves: Classes 150, 300, 600, 900,-1500, and 2500 ........ ASME B16.24
Cast Coppef Alloy Fittings for Flared Copper Tubes ... ... ..t e e M it ASME B16.26
Valves — Flanged, Threaded, and Welding End .......... .. .. ... . . GO ASME B16.34
Orifice Flanjges . . .. ... oo e P ASME B16.36
Malleable Ifon Threaded Pipe Unions: Classes 150, 250, and 300 .. ...... 0% 0 ... .ttt ASME B16.39
Ductile Iror} Pipe Flanges and Flanged Fittings: Classes 150 and 300 .. .0 . . . oot e e ASME B16.42
Large Diamgter Steel Flanges: NPS 26 Through NPS 60 Metric/Inch Standard ............. ... .. ... ... ASME B16.47
Line Blanky . .. ..o ) ASME B16.48
Wrought Cqpper and Copper Alloy Braze-Joint Pressure Fittings .= .......... ... .. i, ASME B16.50
Bioprocessing Equipment [Note (2)] ... ..ot AN ASME BPE
Specificatiop for Pipeline and Piping Valves [Note 8)] «. ... ... e API 6D
Flanged Stelel Pressure-relief Valves .. ... ... /0 o API 526
Check Valv¢s: Flanged, Lug, Wafer, and Buttfwelding .. ...... ... i et API 594
Metal Plug Valves — Flanged, Threaded/andWelding Ends . ......... ... .. ... . i, API 599
Steel Gate Yalves — Flanged and Butt-welding Ends, Bolted Bonnets .............. ... ... ... i, API 600
Gate, Globe| and Check Valves forySizes DN 100 (NPS 4) and Smaller for the Petroleum and Natural Gas Industries API 602
Corrosion-resistant, Bolted Befinet Gate Valves — Flanged and Butt-welding Ends . ............ ... ... ... ..... API 603
Metal Ball Yalves — Flanged,)Threaded, and Welding Ends . ........ ... ... i API 608
Butterfly V3lves: Doublesflanged, Lug- and Wafer-type .. ...... ... i API 609
Performande ofGasketed Mechanical Couplings for Use in Piping Applications ........... ... ... ... ... oot ASTM |F1476
Performande of Fittings for Use with Gasketed Mechanical Couplings Used in Piping Applications .............. ASTM [F1548
Ductile-Iron and Gray-Iron Fittings . ... ... ... AWWA C110
Flanged Ductile-Iron Pipe With Ductile-Iron or Gray-Iron Threaded Flanges ............ ... ... .. ... ... ... AWWA C115
Steel Pipe Flanges for Waterworks Service, Sizes 4 in. Through 144 in. (100 mm Through 3,600 mm) ........... AWWA C207
Dimensions for Fabricated Steel Water Pipe Fittings .. ....... ... .. .. .. . . . AWWA C208
Metal-Seated Gate Valves for Water Supply Service ... ... .. i e e AWWA C500
Standard Finishes for Contact Faces of Pipe Flanges and Connecting-End Flanges of Valves and Fittings .......... MSS SP-6
Spot Facing for Bronze, Iron, and Steel Flanges . . ... ... ... . i e MSS SP-9
Standard Marking System for Valves, Fittings, Flanges, and Unions ............. ... . MSS SP-25
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Table 326.1 Component Standards (Cont’d)

Standard or Specification Designation

Metallic Fittings, Valves, and Flanges (Cont’d)

Corrosion-Resistant Gate, Globe, Angle, and Check Valves with Flanged and Butt Weld Ends (Classes 150, 300, & 600) MSS SP-42
Wrought and Fabricated Butt-Welding Fittings for Low Pressure, Corrosion Resistant Applications [Note (4)] ... .. MSS SP-43
Steel Pipeline Flanges . . ... .. o e MSS SP-44
Bypass and Drain CONNECtIONS . . . .. ..ottt ettt e et e e et MSS SP-45
Class 150LW Corrosion Resistant Flanges and Cast Flanged Fittings ............ ... . . . i, MSS SP-51
High Bressure-Chemteal-trdustryHlansesandThreaded-Stubsfor Use-with-hens-Gaskets————————————— MSS SP-65
Gray Ifon Gate Valves, Flanged and Threaded Ends . ........ ... .. i MSS SP-70
Gray Ifon Swing Check Valves, Flanged and Threaded Ends . .......... .. ... i MSS SP-71
Ball Vglves with Flanged or Butt-Welding Ends for General Service . ......... ... ...t MSS SP-72
High-Strength, Wrought, Butt-Welding Fittings . ... ... e N ot MSS SP-75
Gray Iron Plug Valves, Flanged and Threaded Ends . ......... ... .. .. ... . . i m i h MSS SP-78
Socket] Welding Reducer INSErts . .. ... ...t Y MSS SP-79
Bronz¢ Gate, Globe, Angle, and Check Valves .. ... ... .. e WY MSS SP-80
Stainlgss-Steel or Stainless-Steel-Lined, Bonnetless, Knife Gate Valves with Flanged Ends ....... Gy ... . ..., MSS SP-81
Class 3000 and 6000 Pipe Unions, Socket Welding and Threaded (Carbon Steel, Alloy Steel, Stainless Steels, and Nickel MSS SP-83
ALLOS) .« vttt NN

Gray Ifon Globe and Angle Valves, Flanged and Threaded Ends .............. ... . & .. i, MSS SP-85
Diaphfagm Valves . ... . YN MSS SP-88
Swage[d) Nipples and Bull Plugs ... ... ... AN T MSS SP-95
Integrally Reinforced Forged Branch Outlet Fittings — Socket Welding, Threaded; and Buttwelding Ends ......... MSS SP-97
Instrument Valves for Code Applications . ............. ..o U MSS SP-105
Cast Cppper Alloy Flanges and Flanged Fittings: Class 125, 150, and 300, . . .. ..o MSS SP-106
Factory-Made Wrought Belled End Pipe Fittings for Socket-Welding;fNote (5)] ........ ..., MSS SP-119
Refrigg¢ration Tube Fittings — General Specifications . ... .0 ). .. .ot e SAE ]J513
Hydraplic Tube Fittings ... ... ... oo N e SAE J514
Hydraplic Flanged Tube, Pipe, and Hose Connections,*4*Serew Flange Connection Part 1: 3.5 MPa to 35 MPa (Code 61) SAE J518-1
Hydraplic Flanged Tube, Pipe, and Hose Connections; 4-Screw Flange Connection Part 2: 42 MPa (Code 62) ... ... SAE ]J518-2
Metallic Pipe and Tubes [Note (6)]

Weldef and Seamless Wrought Steel PIpe) . . . .. ... o e ASME B36.10M
Stainlgss Steel Pipe ... ... ASME B36.19M
Flangdd Ductile-Iron Pipe With-Ductile-Iron or Gray-Iron Threaded Flanges .. ............ ... ... .. .. .. .. ... AWWA C115
Thickress Design of Ductile-Irorl Pipe . ... ... . AWWA C150
Ductil¢-Iron Pipe, Centrifugally Cast .. ... ... ... AWWA C151
Steel Yater Pipe, 6 in. (150 mm) and Larger . . . .. ..o ottt it e AWWA C200
Miscellaneous

Unifiedl Inch Screw Threads (UN and UNR Thread Form) . ........ .. .t ASME B1.1
Pipe Threads, General Purpose (Inch) ASME B1.20.1
Dryseal Pipe Threads (Inch) ... ... .. e e ASME B1.20.3
Hose Coupling Screw Threads (Inch) . .. ... .. i e e ASME B1.20.7
Metallic Gaskets for Pipe Flanges . ... ... ... e ASME B16.20
Nonmetallic Flat Gaskets for Pipe Flanges . ... ...... ... . i i e ASME B16.21
Buttwelding ENds . . ... .o e ASME B16.25
Surface Texture (Surface Roughness, Waviness, and Lay) ... ....... ...t aens ASME B46.1
Thermowells [INOTE (7)] - v ot vttt e e e e e e e e e e e e e e e e ASME PTC 19.3 TW
Specification for Threading, Gauging, and Thread Inspection of Casing, Tubing, and Line Pipe Threads ........... API 5B
Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings ................. ... .. ... ... ... .. .... AWWA C111
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Table 326.1 Component Standards (Cont’d)

Standard or Specification Designation
Miscellaneous (Cont’'d)
Grooved and Shouldered Joints [Note (8)] .. .. ..ottt e AWWA C606
Flexible Metal Hose [Notes (9) and (10)] . . ..o oottt ittt e e e e e e e e e e e e e BS 6501, Part 1
Pipe Hangers and Supports — Materials, Design, Manufacture, Selection, Application, and Installation ........... MSS SP-58
Standard for Fire Hose CONNECHIONS . .. .. ...ttt ittt ettt et e et e et et NFPA 1963
GENERAL NOTES:
(a) Itisnotpract eferto ecificedition-ofeach d-th e etext-Instead the-approved-edition neesraleng with

NOTES:
(1) This standard allows straight pipe threads in sizes < DN 15 (NPS %); see last paragraph of para. 314.2.1.
(2) Part DT of ASME BPE covers dimensions and tolerances for stainless steel automatic welding and hygienic clamp tube fittings and grocess
(3) API6 design
34 are

(4) Cautidnary Note: See MSS SP-43 for special provisions concerning ratings. (In accordance with MSS SP-43, the pressure ratings for Class CR
gk are 30% of those calculated for straight seamless pipe of minimum wall thickness.)
(5) MSS SP-119 includes three classes of fittings: MP, MARINE, and CR. Only the MP class fittings ate considered a “Listed Component”[for the
purpokse of this Code. Cautionary Note: See MSS SP-119 (Section 5) for special provisions,codcerning ratings. (In accordance with MSS SP-
119, the pressure ratings for MP class fittings are 87.5% of those calculated for straight' seamless pipe of minimum wall thickpess.)
(6) See also Appendix A.
(7) ASME|PTC19.3 TW allows mechanical design of thermowells to be in accordance with.various design codes. Only PTC 19.3 TW thernjowells
with design and calculations for pressure-containing elements in accordance with. ASME B31.3 are considered a “listed component”|for the
purpokse of this Code.
(8) For uge with this Code, the rated pressure of components covered by this standard shall be based on no greater than one-thjrd the
hydroptatic test failure pressure (the pressure at fracture or leakage), father than one-half the hydrostatic test failure pressure specified
in AMWA C606.
(9) Weldipg and brazing to be in accordance with paras. 328 and 333} respectively, in lieu of the referenced specifications in this stgndard.
(10) This sfandard contains recommended materials of constructienfor certain chemical services; the responsibility for the ultimate sele¢tion of
materfal is the responsibility of the Owner and is, theréfore, not within the scope of this Code.
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Chapter V
Fabrication, Assembly, and Erection

327 GENERAL

Metallic piping materials and components are prepared
for agsembly and erection by one or more of the fabrica-
tion processes covered in paras. 328, 330, 331, 332, and
333. When any of these processes is used in assembly or
erection, requirements are the same as for fabrication.

328 WELDING AND BRAZING

Welding and brazing shall conform to the requirements
of thjs Chapter and the applicable requirements of
para.|311.2.

328.]

Eadh employer is responsible for

(a)| the welding and brazing performed by personnel of
its organization

(b)| conducting the qualification tests required to
qualify the welding or brazing procedure specifications
used py personnel in its organization, except as previded
in paras. 328.2.1 and 328.2.2

(c)| conducting the qualification tests-réquired to
qualify the welders, brazers, and operators, except as
provifed in para. 328.2.3

Responsibility

328.2 Welding and Brazing Quatification

Welding and brazing procedure specifications (WPSs
and BPSs) to be followed-in/production welding shall
be pilepared and qualified, and welders, brazers, and
operators shall be gualified as required by ASME
BPV({ Section IX(except as modified by para. 333 for
brazihg of Cateégory D Fluid Service piping and by the
following subparagraphs.

8.2.1 Standard Weldlng Procedure SpeCIflcatlons

by the Amerlcan Weldmg Soc1ety and llsted in ASME
BPVC, Section IX, Appendix E are permitted for Code
construction within the limitations established by
ASME BPVC, Section IX, Article V.

328.2.2 Procedure Qualification by Others. In orderto
avoid duplication of effort and subject to the approval of
the owner, WPSs and BPSs qualified by a technically
competent group or agency may be used provided the
following are met:

63

(a) The procedures meet the requirements of ASME
BPVC, Section IX and any additional qualification require-
ments of this Code.

(b) The employer has qualified af)least orle welder,
brazer, or operator following each"\WPS or BPS.

(c) The employer’s business-tame shall be shown on
each WPS and BPS, and on each qualification frecord. In
addition, qualification.records shall be signed and
dated by the employer;_thereby accepting responsibility
for the qualifications{performed by others.

328.2.3 Pefformance Qualification by Qthers. In
order to avoid 'duplication of effort and subject to the
approval of the owner, an employer may accept the perfor-
mance qualification of a welder, brazer, or operptor made
by a previous employer. This acceptance is |imited to
performance qualifications that were made dn pipe or
tube test coupons. The new employer shallf have the
WPS or BPS that was followed during qualiffcation or
an equivalent WPS or BPS that is within thg limits of
the essential variables set forth in ASME BPV|C, Section
IX. An employer accepting such qualification tests shall
obtain a copy of the performance qualification test
record from the previous employer. The re¢ord shall
show the name of the employer by whom tHe welder,
brazer, or operator was qualified and the date ofthat quali-
fication. Evidence shall also be provided that the welder,
brazer, or operator has maintained qualificatiof in accor-
dance with QW-322 and QB-322 of ASME BPVC, fection [X,
except that this evidence may be provided by anfemployer
responsible for the individual’s welding or brazing perfor-
mance even if not the original qualifying emp|oyer. The
new employer’s business name shall be shoywn on the
qualification record, and it shall be signed and dated
by the employer, thereby accepting responsjibility for
the qualifications performed by others.

maintain coples ofthe procedure and performance quali-
fication records specified by ASME BPVC, Section IX that
shall be available to the Inspector at the location where
welding is being done.

328.3 Welding Materials

328.3.1 Electrodes and Filler Metal. Welding elec-
trodes and filler metal, including consumable inserts,
shall conform to the requirements of ASME BPVC,
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Section II, Part C. An electrode or filler metal not
conforming to the above may be used provided the
WPS and the welders who will follow the WPS have
been qualified as required by ASME BPVC, Section IX.
Unless otherwise specified by the Designer, welding elec-
trodes and filler metals used shall produce weld metal that
complies with the following:

(a) The nominal tensile strength of the weld metal shall
equal or exceed the minimum specified tensile strength of
the base petals-beingjoinedorthe-weaker-of-the-two-
base metdls of two different strengths are being joined.

(c) If base metals of different chemical analysis are
being joirled, the nominal chemical analysis of the weld
metal shall be similar to either base metal or an inter-
mediate composition, except as specified below for aus-
tenitic stelels joined to ferritic steels.

(d) Whien austenitic steels are joined to ferritic steels,
the weld [metal shall have a predominantly austenitic
microstrugture.

(e) For|nonferrous metals, the weld metal shall be that
recommended by the manufacturer of the nonferrous base
metal or by industry associations for that metal.

328.3.2| Weld Backing Material. When backing rings
are used, [they shall conform to the following:

(a) Fenrous Metal Backing Rings. These shall be of weld“
able quality. Sulfur content shall not exceed 0.05%:

(b) If tyvo abutting surfaces are to be welded to-a-third
member used as a backing ring and one or two of'the three
members jare ferritic and the other membefior'members
are austenitic, the satisfactory use of such~materials shall
be demonstrated by welding procédure qualified as
required by para. 328.2.

Backing rings may be of the(continuous machined or
split-band type. Some commaehly used types are shown in
Figure 32B.3.2.

(c) Nomferrous and Nenimetallic Backing Rings. Backing
rings of npnferrous ornonmetallic material may be used,
provided the designerapproves their use and the welding
procedure using'them is qualified as required by
para. 328|2,

328.4 Preparation for Welding

328.4.1 Cleaning. Internal and external surfaces to be
thermally cut or welded shall be clean and free from paint,
oil, rust, scale, and other material that would be detri-
mental to either the weld or the base metal when heat
is applied.

328.4.2 End Preparation

o

irface
orarc
blora-
dered

(1) End preparation is acceptable only if the sy
isreasonably smooth and true, and slag from oxygen
cutting is cleaned from thermally cut surfaces.Disc
tion remaining on a thermally cut surface isnot consi
detrimental oxidation.

(2) End preparation for grodve-welds specif]
ASME B16.25, or any other thattmeets the WPS, is agcept-
able. [For convenience, the basic bevel angles of ASME
B16.25 and some additional J-bevel angles are shown
in Figure 328.4.2, illustrations (a) and (b).]

(b) Circumferentidl ) Welds

(1) If compenent ends are trimmed as shoyn in
Figure 328.3¢2,N\illustration (a) or (b) to fit bafking
rings or consumable inserts, or as shown in Figure
328.4.3, illustration (a) or (b) to correct internal misplign-
ment, sich trimming shall not reduce the finished wall
thickness below the required minimum wall thickness, ¢,,,.

(2) Component ends may be bored to allow|for a
completely recessed backing ring, provided the remaining
net thickness of the finished ends is not less than|t,,.

(3) It is permissible to size pipe ends of the|same
nominal size to improve alignment if wall thicknefs re-
quirements are maintained.

(4) Where necessary, weld metal may be dep
inside or outside of the component to permit alignm
provide for machining to ensure satisfactory seat
rings or inserts.

(5) When a girth or miter groove weld joins cq
nents of unequal wall thickness and one is more thdn 1%
times the thickness of the other, end preparatioh and
geometry shall be in accordance with accepftable
designs for unequal wall thickness in ASME B16.255.

(6) Butt-weld fittings manufactured in accorflance
with ASME B16.9 may be trimmed to produge an
angular joint offset in their connections to pipe|or to
other butt-weld fittings without being subject to design

ed in

sited
ent or
ng of

mpo-

328.3.3 Consumable Inserts. Consumable inserts may
be used, provided they are of the same nominal composi-
tion as the filler metal, will not cause detrimental alloying
ofthe weld metal, and the welding procedure using them is
qualified as required by para. 328.2. Some commonly used
types are shown in Figure 328.3.2.
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quatifications T accordance with para. 304-7-2, provided
the total angular offset produced between the two jointed
parts does not exceed 3 deg.
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ASME B31.3-2020

5 tgm
Ztm (c) Nonmetallic Removable
Backing Ring (Refractory)
¥ le19 MM
3 mmto5 mm (34 in.)

P

/g in. to ‘5/16 in.)

and Solid or Split Backing

3mmto5mm
(|/g in. to3/4¢ in.)

and Solid Backing Ring

NOTE:

Figure 328.4.2 Typical Butt Weld End Preparation

37", deg + 2, deg -»f

(a) Butt Joint With Bored Pipe Ends

Ring [Note (1)]

5mm

(b) Butt Joint With Taper-Bored Ends

[Note (1)]

20 deg .27/, deg

5 mm B
<22mm .
(7fg in.) e im
¥ 3
[ 1.5 mm £+ 0.8 mm
(1/15 in. = 1/32 in.)

(a) Wall<Fhickness 6 mm to 22 mm,
Incldsive(3/16 in. to /g in.)

10 deg ®2%, deg '\ *
L

20 deg * 27/, deg

157 A\

377, deg
+ 21/2 deg

h-»ﬁ .
//4

-

A @

%
o
%
Typical
Consumable
Inserts

&
. ¥

(1) Refer to ASME B16.25 for detailed dimensional information emwelding ends.

328.4.3 Alignment
(a) Circumferential Welds

(d) Square Ring or
Wire Type

Round

(e) Flat Rectanguldr Ring

(f) Formed Ring Tlype

(g) Y-Type

(1) Inside surfaces of components at e

joined in girth or miter groove welds shall |
within the dimensional limits in the WPS and

neering design.

(2) Ifthe external surfaces of the compone

aligned, the weld shall be tapered between th

(b) Longitudinal Welds. Alignment of loy
groove welds (not made in accordance with 3
listed in Table A-1, Table A-1M, or Table 32

conform to the requirements of para. 328.4.3
(c) Branch Connection Welds
(1) Branch connections that abut the outsi

of the run pipe shall be contoured for groove Y

meet the WPS requirements [see Figure 328.4.

nds to be
e aligned
the engi-

hts are not
em.
gitudinal
standard
6.1) shall

a).

de surface
welds that
1, illustra-

(77g7Tn.) ¥

19 mm
(3 in.)‘

v;a;:%

15mm+08mm
(1/16"1 * 1/32|n)

{b) Wall Thickness Over 22 mm (7/gin.)

tions(a) and-(B1]
J \Sadv i |

(2) Branch connections that are inserted through a
run opening shall be inserted at least as far as the inside
surface of the run pipe at all points [see Figure 328.4.4,
illustration (c)] and shall otherwise conform to para.

328.4.3(c)(1).

(3) Run openings for branch connections shall not
deviate from the required contour more than the dimen-
sion m in Figure 328.4.4. In no case shall deviations of the
shape of the opening cause the root spacing tolerance
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Figure 328.4.3 Trimming and Permitted Misalignment

N\
L b

Permitted
misalignment.
See WPS.

30 deg max.

328.5.2 Fillet and Socket Welds.

(a) Fillet and socket welds may vary from convex to
concave. The size of these welds shall be determined
as shown in Figure 328.5.2A.

(b) Minimum attachment weld dimensions for double-
welded slip-on flanges, socket welding flanges, and other
socket welding components shall be as shown in
Figures 328.5.2B and 328.5.2C.

(c) Ifslip-onflanges are single welded, the weld shall be

(a) Thicker Pipe Taper-Bored to Align

JL

Permntted
misalignment.
See WPS.

Round

corner 30 deg

(b) Thicker Pipe Bored for Alignment

limits in tHe WPS to be exceeded. Weld metal may be added
and refinished if necessary for compliance.

(d) Sppcing. The root opening of the joint shall be
within th¢ tolerance limits in the WPS.

328.5 Welding Requirements
328.5.1 General

(a) Welds, including addition of weld metal for align-
ment [payas. 328.4.2(b)(4) and 328.4.3(c)(3)];~shall be
made in dccordance with a qualified procédure and by
qualified welders or welding operators

(b) Eadh qualified welder and weldifigioperator shall be
assigned gn identification symbol. Utiless otherwise speci-
fied in the engineering design, €ach pressure-containing
weld or adjacent area shall be‘marked with the identifica-
tion symbol of the welder.6r-welding operator. In lieu of
marking the weld, apprepriate records shall be filed.

(c) Tackweldsattherootofthejointshall be made with
filler metdl equivalent to that used in the root pass. Tack
welds shgll besmade by a qualified welder or welding
operator. |Tackwelds shall be fused with the root pass
weld, exdept that those that have cracked shall he

at the hub, i.e., the Xy, by Xmin weld illustrated in
Figure 328.5.2B.

328.5.3 Seal Welds. Seal welding shall'be dong by a
qualified welder. Seal welds shall cover all exposed
threads.

328.5.4 Welded Branch Connections

(a) Figures 328.5.4A through 328.5.4F show agcept-
able details of branch cgnnections with and without
added reinforcement, in which the branch pipe is
connected directly, to’ the run pipe. The illustrgtions
are typical and<ate'not intended to exclude acceptable
types of constrtiction not shown.

(b) Figure:328.5.4D shows basic types of weld aftach-
ments usedin the fabrication of branch connectiony. The
locatien’/and minimum size of attachment welds| shall
conform to the requirements herein. Welds shall be falcu-
lated in accordance with para. 304.3.3 but shall be n¢t less
than the sizes shown in Figure 328.5.4D. Figure 328.5.4F
shows the basic types of attachment welds used with inte-
grally reinforced branch connection fittings. The lo¢ation
and the minimum size of the attachment welds|shall
conform to the requirements of (i) below.

(c) The nomenclature and symbols used herdin, in
Figure 328.5.4D, and in Figure 328.5.4F are

'117 = nominal thickness of branch

T, = nominal thickness of header

T, = nominal thickness of the branch weld foy inte-
grally reinforced branch connection fittings
(1) as specified by the manufacturer jof the
branch connection fitting
(2) the full depth of the resultant|weld
groove, after fit-up, if no manufacturer’s| weld
thickness is specified
(3) as documented and specified in the

removed. Bridge tacks (above the weld) shall be removed.

(d) Peeningis prohibited on the root pass and final pass
of a weld.

(e) Nowelding shall be done if there is impingement on
the weld area of rain, snow, sleet, or excessive wind, or if
the weld area is frosted or wet.

(f) Welding End Valves. The welding sequence and
procedure and any heat treatment for a welding end
valve shall be such as to preserve the seat tightness of
the valve.

Cllsillt‘ﬁlills L‘lt.'bisll ill dUCUI ddllLC Wlth
para. 300(c)(3), or

(4) calculated and documented in accor-
dance with the requirements of para. 304.7.2
nominal thickness of reinforcing pad or saddle

el
I

te = lesser of 0.7 T}, or 6 mm (% in.)
tmin = lesser of T, or T,
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Figure 328.4.4 Preparation for Branch Connections

20 mm (in.) .

K ‘
() |

e size of unequal leg fillet weld is the leg lengths efithe largest right triangle that can be inscribed within the weld cross
mm x 19 mm (% in. x %, in.)].

d:

= root gap per welding specification

= the lesser of 3.2 mm (*/g in.) or 0.5 Ty

Figure 328.5.2A Fillet and Socket Weld Sizes
Surface of perpendicular member Surface of perpendicular member
Convex fillet weld  Size of Concave Convex fillet weld Concave

Size of Surface of weld fillet weld Sran of fillet v

weld horizontal member horizontal member

Theoretical throat Theoretical throat
Equal Leg Fillet Weld [Note (1)1 Unequal Leg Fillet Weld [Note (2)]

e size of an equal leg fillet weld is the leg length of the largest inscribed isosceles right triangle (theoretical throat = 0.

eld

07 x size).
ection [e.g.,

(20)

Figure 328.5.2B Minimum Attachment Weld Dimensions for Double-Welded Slip-On and Socket Welding Flanges (20)

P ¥ :
I \Qin —" *min —-f Xmin

Legend:

Xmin =

the lesser of 1.4 T or the thickness of the hub

67

. gap
beferé welding

Xmin Xmin Xmin
— appro|
The lesser of T or 6 mm (Vs in.)
(a) Front and Back Welds (b) Face and Back Welds (c) Socket Welding Flange
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allbe

illus-

shall

Figure 328.5.2C Minimum Attachment Weld Dimensions for Socket Welding Components Other Than Flanges
<—>— T=nominal pipe wall thickness
C :Z—
7y C, (min.) = 1.09 Tor the thickness
C of the socket wall,
x whichever is smaller
Approximately 1.5 mm (1/16 in.) gap
_E before welding
< > Socket wall thickness
Figures 328.5.4A, B, C Typical Welded Branch Connections
(a) Without Added (b) With Added (c) Angular Branch Without
Reinforcement Reinforcement Added Reinforcement
(d) Branch connectionsgineluding branch connection (f) Theouteredge ofareinforcing pad or saddle s}
fittings (gee paras. 300:2-and 304.3.2), that abut the attached to the run pipe by a fillet weld having a throat
outside of the run orthat are inserted in an opening in dimension not less than 0.5 T,. See Figure 328.5.4D
the run shall be dttached by fully penetrated groove trations (c), (d), and (e).
welds. Th.e welds.shall .be fir?ished with cover fillet (9) Reinforcing pads and saddles shall have a gdod fit
welds haying-aythroat dimension not less than t.. See  with the parts to which they are attached. A vent holg
Figure 32B.5/4D, illustrations (a) and (b). be provided at the side (not at the crotch) of any gad or

(e) Areinforcing pad or saddle shall be attached to the
branch pipe by either
(1) a fully penetrated groove weld finished with a
cover fillet weld having a throat dimension not less
than ¢, or
(2) a fillet weld having a throat dimension not less
than 0.7t,i,. See Figure 328.5.4D, illustration (e).

68

saddle to reveal leakage in the weld between branch and
run and to allow venting during welding and heat treat-
ment. A pad or saddle may be made in more than one piece
ifjoints between pieces have strength equivalent to pad or
saddle parent metal, and if each piece has a vent hole.

(h) Examination and any necessary repairs of the
completed weld between branch and run shall be
made before adding a pad or saddle.
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Figure 328.5.4D Acceptable Details for Branch Attachment Welds

%Y

&y L 2%
RIS NNNNNNN

/
Y/

\ANNNNANY

(d)

GENERAL NOTE: These illustrations show minimum acceptable welds. Welds may be larger than those shown here.

(a) Contour Odtlet Fitting

(i) [Figure 328.5.4F shiows additional integrally rein-
forcegl branch connections typical of MSS SP-97 fittings
that gbut the outsideof the run attached by a full pene-
tration groove weld:-The welds shall be finished with cover
filletslhaving athroat dimension notless than t... The cover
fillet weld.shall fill and smoothly transition to the attach-
ment|weld.and run pipe or fitting.

Figure 328.5.4E Acceptable Details for Branch Attachments Suitable for 100% Radiography

(e)

(b) Extruded Header Outlet

328.6 Weld Repair

A weld defect to be repaired shall be removeg to sound
metal. Repair welds shall be made using a weldjng proce-
dure qualified in accordance with para. 328.2, r¢cognizing
that the cavity to be repaired may differ in coptour and
dimensions from the original joint. Repair weldls shall be
made by welders or welding operators qualifiegl in accor-

328.5.5 Fabricated Laps. Figure 328.5.5 shows typical
fabricated laps. Fabrication shall be in accordance with the
applicable requirements of para. 328.5.4.

328.5.6 Welding for Severe Cyclic Conditions. A
welding procedure shall be employed that provides a
smooth, regular, fully penetrated inner surface.

dance with para. 328.2. Preheating and heat treatment
shall be as required for the original welding. See also
para. 341.3.3.

328.7 Attachment Welds

Structural attachments may be made by complete pene-
tration, partial penetration, or fillet welds.

Low energy capacitor discharge welding may be used
for welding temporary attachments (e.g., thermocouples)
and permanent nonstructural attachments without

(20)
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Figure 328.5.4F Acceptable Details for Integrally Reinforced Branch Connections

il %
Manufacturer’s weld

Manufacturer’s weld | | line (if applicable)
line (if applicable) Note (1)
N/ ]
Note (1)

Tm

. Note (2)

o+

(a) Transverse (b) Longitudinal

Manufacturer’s weld

line (if applicable)
Note (3) _\
Heel{\\

/.

/_
1. Note (3
/ T,,,J L e Note (3)
‘ 7 Note (2)
r [

(c) Transverse (d) Longitudinal

Manufacturer’s weld

line (if applicable) Crotch

Manufacturer’s weld
line (if applicable)

Manufacturer’s weld
line (if applicable)

(e) Transverse (f) Longitudinal

GENERAL NOTE: Welds shall be in accordance with para. 328.5.4(i).

NOTES:

(1) Cover fillet weld shall provide a smooth transition to the run pipe with an equal leg fillet at the longitudinal section to an equal leg fillet,
unequal (oblique) leg fillet, or groove butt joint at the transverse section (depending on branch connection size).

(2) Heat treatment requirements shall be in accordance with para. 331.1.3(a).

(3) Cover fillet weld shall provide a smooth transition to the run pipe with an equal leg fillet at the crotch in the longitudinal section to an equal leg
fillet, unequal (oblique) leg fillet, or groove butt joint at the transverse section (depending on branch connection size) to nothing at the heel of
the branch connection fitting in the longitudinal section.
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Figure 328.5.5 Typical Fabricated Laps

GENERALNOTE: Laps shall be machined (frontand back) or trued after welding. Plate flanges in accordance with para,304.5 orlapjo

(e)

ntflangesin

accordance with ASME B16.5 may be used. Welds may be machined to radius, as in illustration (e), if necessary to-match ASME B1f6.5 lap joint

flangeg.

prehdat above 10°C (50°F) or subsequent postweld heat
treatment on P-No. 1 through P-No. 5B and P-No. 15E
materials, provided

(a)| a Welding Procedure Specification is prepared,
descrjbing 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 s not required

(b)| the energy output of the welding process is limited
to 12p W-sec

(c)|for P-No. 5A, P-No. 5B, and P-No. 15E materials, the
maximum carbon content of the material is 0.15%

(d)| after thermocouples are removed, the areasshall be
visually examined for evidence of defects to bé repaired

330 PREHEATING

330.]

The¢ preheat requirements hetrein apply to all types of
welding, including tack wélds, repair welds, and seal welds
on threaded joints.

The preheating rulésiin ASME B31P may be used as an
alterrjate.

330.1.1 Requirements. Unless specified otherwise in
the ehgineering design, the minimum preheat tempera-
tures|for-materials of various P-Numbers are given in
Table-330 11 The tiickr '
is that of the nominal thickness of the thicker component
[as defined in para. 331.1.3(c)]. Higher minimum preheat
temperatures may be required by the WPS or by the engi-
neering design.

General

330.1.2 Unlisted Materials. Preheat requirements for
an unlisted material shall be specified in the WPS.

71

330.1.3 Preheat Témperature Verification

(a) Preheat’temperature shall be checked
temperaturé indicating crayons, thermocoup
eters, or other suitable means to ensure that thd
ture, specified in the WPS is obtained pri
maintained during welding.

(b) Thermocouples may be temporarily
directly to pressure-containing parts usin
energy capacitor discharge method of welding
dance with para. 328.7.

330.1.4 Preheat Zone. The preheat zone shall be at or
above the specified minimum temperature in| all direc-
tions from the point of welding for a distanjce of the
larger of 75 mm (3 in.) or 1.5 times th¢ greater
nominal thickness.

The base metal temperature for tack welds shpll be at or
above the specified minimum temperature for p distance
not less than 25 mm (1 in.) in all directions fronp the point
of welding.

by use of
e pyrom-
tempera-
br to and

attached
b the low
in accor-

330.2 Specific Requirements

330.2.1 Different P-No. Materials. When w¢lding two
different P-No. materials, the preheat temperature shall be
the higher temperature for the material being welded as
shown in Table 330.1.1.

2 ptieh—o —A welding
commences, the minimum preheat temperature shall
be maintained until any required PWHT is performed
on P-Nos. 3, 4, 5A, 5B, 6, and 15E, except when all of
the following conditions are satisfied:

(a) A minimum of at least 10 mm (% in.) thickness of
weld is deposited or 25% of the welding groove is filled,
whichever is less (the weld shall be sufficiently supported
to prevent overstressing the weld if the weldment is to be
moved or otherwise loaded). Caution is advised that the
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Table 330.1.1 Preheat Temperatures

Greater Material

Base Metal P-No. Thickness Additional Limits Required Minimum Temperature
[Note (1)] Base Metal Group mm in. [Note (2)] °C °F
1 Carbon steel <25 <1 None 10 50
>25 >1 %C < 0.30 [Note (3)] 10 50
>25 >1 %C > 0.30 [Note (3)] 95 200
3 Alloy steel. Cr< A% <13 <V SMTS < 450 MPa (65 ksi) 10 50
>13 A SMTS < 450 MPa (65 ksi) 95 200
All All SMTS > 450 MPa (65 ksi) 95 200
4 Alloy steel, %% < Cr All All None 120 250
<2%
5A Alloy steel All All SMTS < 414 MPa (60 ksi) 150 300
All All SMTS > 414 MPa (60 ksi) 200 400
5B Alloy steel All All SMTS < 414 MPa (60 ksi) 150 300
All All SMTS > 414 MPa (60 Ksi) 200 400
>13 >Y, %Cr > 6.0 [Note (3]} 200 400
6 Martensitic stainless All All None 200 [Note (4)] 400 [Note|(4)]
steel
9A Nickel alloy steel All All None: 120 250
9B Nickel alloy steel All All None 150 300
101 27Cr steel All All None 150 [Note (5)] 300 [Note[(5)]
15E 9Cr-1Mo-V CSEF All All None 200 400
steel
All other materials None 10 50
NOTES:
(1) P-Nos. and Group Nos. from ASME-BRVC, Section IX, QW/QB-422.
(2) SMTS A Specified Minimum Tensile-Strength.
(3) Compogition may be based oniadle or product analysis or in accordance with specification limits.
(4) Maximym interpass températire 315°C (600°F).
(5) Maintain interpass temperature between 150°C and 230°C (300°F and 450°F).
surface cdndition-prior to cooling should be smooth and mental diffusible-hydrogen designator of H4 or lowgr and
free of shprp,discontinuities. suitably controlled by maintenance procedures to favoid

(b) Fo
allowed to cool slowly to room temperature.

(c) For P-Nos. 5B, 6, and 15E materials, the weld is
subjected to an adequate intermediate heat treatment
with a controlled rate of cooling. The preheat temperature
may be reduced to 95°C (200°F) (minimum) for the
purpose of root examination without performing an inter-
mediate heat treatment. Intermediate heat treatment for
P-No. 5B or P-No. 15E materials may be omitted when
using low-hydrogen electrodes and filler metals classified
by the filler metal specification with an optional supple-

DN o] 4 d_LC A £ - | +la 14 .
I'7INUS. I, 7T, dillu Jn I11diclidls, It wiTIiu 15

bUlltalll;llatiUll b_y }l_ydl USC[I lJl Udu\,ius SUUICTTS. The
surface of the base metal prepared for welding shall be
free of contaminants.

(d) After cooling and before welding is resumed, visual
examination of the weld shall be performed to assure that
no cracks have formed.

(e) Required preheat shall be applied before welding is
resumed.
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331 HEAT TREATMENT

331.1 General
331.1.1 Postweld Heat Treatment Requirements

(a) PWHT shall be in accordance with the material
groupings (P-Nos. and Group Nos.) and ranges in
Table 331.1.1 except as provided in Table 331.1.2 and
Table 331.1.3. The PWHT rules in ASME B31P may be

used as—an alternate. See Apppndiv E, para E3311 The

illustration (b) = Tj, + ¢

illustration (c) = greater of Tj, + t, or T, + t,

illustration (d) = T, + T, + t,

P-Nu
BPVC

mbers and Group Numbers are defined in ASME
Section IX, Table QW/QB-422. (Note that the P-
Nos. are also listed in Appendix A.)

(b)| The PWHT to be used after production welding
shall be specified in the WPS and shall be used in qualifying
the welding procedure.

(c)| The engineering design shall specify the examina-
tion ahd/or other production quality control (notless than
the r¢quirements of this Code) to ensure that the final
weldq are of adequate quality.

331.1.2 Other Heat Treatments

(a)| Heat treatment for bending and forming shall be in
accorfdance with para. 332.4.

(b)| See Table 302.3.5 for special heat treatment re-
quirgments for longitudinal or spiral (helical seam)
weldg in Elevated Temperature Fluid Service.

331.1.3 Definition of Thicknesses Governing PWHT

(a)| The term control thickness as used in Table 331)1.1
and Table 331.1.3 is the lesser of
7) the thickness of the weld
) the thickness of the materials beingjoined at the
br the thickness of the pressure-containing material
weld is attaching a nonpressure=cohtaining material
to a gressure-containing materiafl.

(b)| Thickness of the weld, which is a factor in deter-
mininlg the control thickness,\is"defined as follows:
1) groove welds (girth and longitudinal) — the
thick¢r of the two abutting ends after weld preparation,
including 1.D. machining
?) fillet welds”— the throat thickness of the weld
3) partial penetration welds — the depth of the

weld
if the

illustration (e) = T, + t,

(-b) for Figure 328.5.4F use T,, 4| 4. for 41l illustra-

tions
(c) The term nominal material*thickness ds used in
Table 331.1.3 is the thickér of the materipls being
joined at the weld.

331.1.4 Heating and,Cooling. The heating method
shall provide the, required metal temperatyre, metal
temperature uniformity, and temperature coptrol, and
may include anenclosed furnace, local flame hegting, elec-
tric resistarice) electric induction, or exothermi¢ chemical
reaction. Above 315°C (600°F), the rate of hdating and
cooling shall not exceed 335°C/h (600°F/hy) divided
by ,one-half the maximum material thickness|in inches
at\the weld, but in no case shall the ratle exceed
335°C/h (600°F /hr). See Table 331.1.1 for cooling rate
requirements for P-Nos. 7, 101, 114, and 62 npaterials.

331.1.6 Temperature Verification. Heat freatment
temperature shall be checked by thermocoup|e pyrom-
eters or other suitable methods to ensurqg that the
WPS requirements are met. See para. 328.7 for aftachment
of thermocouples by the low energy capacitor|discharge
method of welding.

(a) If used, the heat treatment furnace shdll be cali-
brated such that the PWHT can be controlled within
the required temperature range.

(b) Any required PWHT shall be as requirfed by the
qualified WPS.

(c) For welds that require PWHT in accordance with
Table 331.1.1, the temperature of the materjal during
PWHT shall be within the range specified. Hpwever, if
specified by the designer, the range may be|extended

pxceeded.

weld jgroove . -
1) friaterial repair welds — the depth of the cavity to as permitted by Table 331.1.2, provided the loyer trans-
be rebaired formation temperature of the material is not

(5) branch welds — the dimension existing in the
plane intersecting the longitudinal axes, calculated as indi-
cated for each detail using the thickness through the weld
for the details shown in Figure 328.5.4D and Figure
328.5.4F. This thickness shall be computed using the
following formulas:

(-a) for Figure 328.5.4D use

illustration (a) = Tj, + t,

73

331.2 Specific Requirements

Where warranted by experience or knowledge of
service conditions, alternative methods of heat treatment
or exceptions to the basic heat treatment provisions of
para. 331.1 may be adopted as provided in paras.
331.2.1 and 331.2.2.

(20)
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Table 331.1.1 Postweld Heat Treatment
Minimum Holding Time at Temperature for
P-No. and Group No. Holding Temperature Range, Control Thickness [Note (2)]
(ASME BPVC, Section IX, QW/QB-420) °C (°F) [Note (1)] Up to 50 mm (2 in.) Over 50 mm (2 in.)
P-No. 1, Group Nos. 1-3 595 to 650 (1,100 to 1,200) 1 h/25 mm (1 hr/in.); 2 hr plus 15 min for each
P-No. 3, Group Nos. 1 and 2 595 to 650 (1,100 to 1,200) 15 min min. additional 25 mm (in.)
over 50 mm (2 in.)
P-No. 4, Group Nos. 1 and 2 650 to 705 (1,200 to 1,300)
P-No. 54, Group No. 1 675 to 760 (1,250 to 1,400)
P-No. 5B, Group No. 1 675 to 760 (1.250 to 1,400)
P-No. 6, Grqup Nos. 1-3 760 to 800 (1,400 to 1,475)
P-No. 7, Grqup Nos. 1 and 2 [Note (3)] 730 to 775 (1,350 to 1,425)
P-No. 8, Grqup Nos. 1-4 PWHT not required unless required by WPS
P-No. 94, Gfoup No. 1 595 to 650 (1,100 to 1,200)
P-No. 9B, Gjoup No. 1 595 to 650 (1,100 to 1,200)
P-No. 10H, froup No. 1 PWHT not required unless required by
WPS. If done, see Note (4).
P-No. 101, Qroup No. 1 [Note (3)] 730 to 815 (1,350 to 1,500)
P-No. 11A 550 to 585 (1,025 to 1,085) [Note (5)]
P-No. 15E, ¢roup No. 1 705 to 775 (1,300 to 1,425) 1 h/254om (1 hr/in); 1 h/25 mm (1 hr/ig.) up
[Notes (6) and (7)] 30{min*min. to 125 mm (5 in.) plus
15 min for each
additional 25 mn] (in.)
over 125 mm (5 {n.)
P-No. 62 540 to 595 (1,000 to 1,100) See Note (8)
All other mpterials PWHT as required by WPS In accordance with WPS In accordance with [WPS
GENERAL NOTE: The exemptions for mandatory PWHT are defined in Table 331.1.3.
NOTES:
(1) The holding temperature range is further defined in-para: 331.1.6(c) and Table 331.1.2.
(2) The control thickness is defined in para. 331.1.3.
(3) Cooling|rate shall not be greater than 55°C (10Q°F) per hour in the range above 650°C (1,200°F), after which the cooling rate shall be
sufficiently rapid to prevent embrittlement.
(4) If PWHT is performed after welding, it shallbe within the following temperature ranges for the specific alloy, followed by rapid cpoling:
Alloys $31803 and S32205 — 1020°C t0-1'100°C (1,870°F to 2,010°F)
Alloy SB2550 — 1040°C to 1120°C (1,900°F to 2,050°F)
Alloy SB2750 — 1025°C to 1125°C (1,880°F to 2,060°F)
All othdgrs — 980°C to 1040°C(1,800°F to 1,900°F)
(5) Cooling| rate shall be >165%€:{800°F)/h to 315°C (600°F)/h.
(6) The miimum PWHT holdifigtemperature may be 675°C (1,250°F) for nominal material thicknesses [see para. 331.1.3(c)] <13 mm (% in.).
(7) The Ni 1 Mn content of the'filler metal shall not exceed 1.2% unless specified by the designer, in which case the maximum temperatuge to be
reached during PWHT shall be the lower transformation temperature of the filler metal, as determined by analysis and calculation or py test,
butnot pxceeding800°C (1,470°F). Ifthe 800°C (1,470°F) limit was not exceeded but the lower transformation temperature of the fillef metal
was exdeeded or'if the composition of the filler metal is unknown, the weld must be removed and replaced. It shall then be reweldgd with
compligntfillef metal and subjected to a compliant PWHT. If the 800°C (1,470°F) limit was exceeded, the weld and the entire area affefted by
the PWI il beremovedandifreusedshallberenormalized-and-tempered-priortoreinstallation—Thelowertransformati rature

is the steady-state temperature at which the austenite phase transformation occurs.

(8) Heattreatwithin 14 days after welding. Hold time shall be increased by 1.2 h for each 25 mm (1 in.) over 25 mm (1 in.) thickness. Cool to 425°C
(800°F) at a rate <280°C (500°F)/h.
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Table 331.1.2 Alternate Postweld Heat Treatment
Requirements for Carbon and Low Alloy Steels, P-Nos. 1
and 3

Minimum Holding Time at
Decreased Temperature,
h [Note (1)]

Decrease in Specified Minimum
Temperature, °C (°F)

331.2.4 Delayed Heat Treatment. If a weldment is
allowed to cool prior to heat treatment, the rate of
cooling shall be controlled or other means shall be
used to prevent detrimental effects in the piping.

331.2.5 Partial Heat Treatment. When an entire
piping assembly to be heat treated cannot be fitted

30 (50) 2 into the furnace, it is permissible to heat treat in more
55 (100) 4 than one heat, provided there is at least 300 mm (1 ft)
85 (150) [Note (2)] 10 overlap between successive heats, and that parts of the
110 (400) [Note (2)] 20 assembly outside the furnace are protected from

NOTESY:

(1) Timesshown apply to thicknesses <25 mm (1in.). Add 15 min/25
mn (15 min/in.) of thickness for control thicknesses >25 mm (1
in]) (see para. 331.1.3).

(2) Adlecrease >55°C (100°F) below the minimum specified tempera-
tufe is allowable only for P-No. 1, Group Nos. 1 and 2 materials.

331.2.1 Alternative Heat Treatment. Normalizing, or
nornjalizing and tempering, or annealing may be
applied in lieu of the required heat treatment after
weldipng, bending, or forming, provided that the mechan-
ical pfoperties of any affected weld and base metal meet
specification requirements after such treatment and that
the syibstitution is approved by the designer.

331.2.2 Exceptions to Basic Requirements. As indi-
cated in para. 331, the basic practices therein may
requife modification to suit service conditions in someé
cases| In such cases, the designer may specify more:strin-
gent requirements in the engineering design, itncluding
heat freatment and hardness limitations for lesser thick-
ness, |or may specify less stringent heat treatment and
hardrless requirements, including none,

WHhen provisions less stringent thanthose in para. 331
are specified, the designer must démonstrate to the
owner’s satisfaction the adequacy of those provisions
by comparable service expérience, considering service
temperature and its effeCts, frequency and intensity of
thernpal cycling, flexibility stress levels, probability of
brittle failure, and-other pertinent factors. In addition,
apprqpriate tests'shall be conducted, including WPS quali-
ficatign tests.

331.2.3”Dissimilar Materials
(a)

Heattreatmentofwelded jninfc between dissimilar

harmful temperature gradients. This méthed may not
be used for austenitizing heat treatments for ferfitic mate-
rials.

331.2.6 Local Heat Treatment. Welds may|be locally
postweld heat treated by heating a circumfereptial band
around the entire component with the weld located in the
center of the band. The'width of the band heated to the
specified temperature tange shall be at least three times
the wall thicknesstat'the weld of the thickest part being
joined. For nozzlé.and attachment welds, the wjdth of the
band heated~to the specified temperature rgnge shall
extend beyond the nozzle weld or attachment weld on
each side at least two times the run pipe thickness,
and shall extend completely around the run pipe] Guidance
forithe placement of thermocouples on circumferential
butt welds is provided in AWS D10.10, Sectlions 5, 6,
and 8. Special consideration shall be given to [the place-
ment of thermocouples when heating welds adjacent to
large heat sinks such as valves or fittings, or whlen joining
parts of different thicknesses. No part of the|materials
subjected to the heat source shall exceed the lower trans-
formation temperature of the material g¢xcept as
permitted by para. 331.2.1. Particular care must be exer-
cised when the applicable PWHT temperature fis close to
the material’s lower transformation temperatute, such as
for P-No. 15E materials or when materials of djfferent P-
Nos. are being joined. This method may not bg used for
austenitizing heat treatments.

332 BENDING AND FORMING
332.1 General

Pipe may be bent and components may be
any hot or cold method that is suitable for the m

fluid service and the cmlprify of the hpnding d

ormed by
terial, the
r forming

ferritic metals or between ferritic metals using dissimilar
ferritic filler metal shall be at the higher of the temperature
ranges in Table 331.1.1 for the materials in the joint. This
may require the use of material transition joint designs.
(b) Heat treatment of welded joints including both
ferritic and austenitic components and filler metals
shall be as required for the ferritic material or materials
unless otherwise specified in the engineering design.

75

process.” The finished surface shall be free of cracks and
substantially free from buckling. Thickness after bending
or forming shall be not less than that required by the
design.

! For pipe bending, PFI Standard ES-24, Pipe Bending Methods,
Tolerances, Process and Material Requirements, may be used as a guide.
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Table 331.1.3 Exemptions to Mandatory Postweld Heat Treatment

P-No. and Group No.

(ASME BPVC, Section IX,
QW/QB-420) [Note (1)]

Control Thickness,
mm (in.) [Note (2)]

Type of Weld

Additional Limitations Required fo

r

Exemption From PWHT [Notes (3)-(5)]

P-No. 1, all Group Nos.

All

All

A preheat of 95°C (200°F) is applied prior to
welding on any nominal material thickness

>25 mm (1 in.)

Multiple layer welds are used when the nominal
material thickness >5 mm (% in.) [Note (6)]

P-No. 3, Grjoup Nos. 1 and 2

P-No. 4, Grjoup No. 1

P-No. 54, Group No. 1

<16 mm (% in.)

<16 mm (% in.)

<16 mm (% in.) except
the thickness of a
socket weld fitting or
flange need not be
considered

<16 mm (% in.)

<16 mm (% in.)

<16 mm (% in.) except
the thickness of a
socket weld fitting or
flange need not be
considered

<16 mm (% in.)

All

Groove

Socket and fillet welds

Sealwelds and
non-load-carrying
attachments [Note (7)]

Groove

Socket and fillet welds

Seal welds and

non-toad

A preheat of 95°C (200°F) is applied prioj
welding on any nominal material-thickn
>13 mm (% in.)

A specified carbon content of the base ma
<0.25%

Multiple layer welds aredised when the ng
material thickness X5 mm (% in.) [Not

Mandatory preheat has been applied

Specified carben content of the base mate
<0.15%

Multiplé layer welds are used when the ng
material thickness >5 mm (% in.) [Not

Mandatory preheat has been applied

Throat thickness of the fillet weld or the s
weld <13 mm (% in.)

Specified carbon content of the pipe mate
<0.15%

Nominal material thickness of the pipe <1
(% in)

Multiple layer welds are used when the nd
material thickness >5 mm (% in.) [Not

Mandatory preheat has been applied
Multiple layer welds are used when the nd
material thickness >5 mm (% in.) [Not

Mandatory preheat has been applied

Specified carbon content of the base mate
<0.15%

Multiple layer welds are used when the nd
material thickness >5 mm (% in.) [Not

Mandatory preheat has been applied

Throat thickness of the fillet weld or the
weld <13 mm (% in.)

Specified carbon content of the pipe mate
<0.15%

Nominal thickness of the pipe <5 mm (¥

Multiple layer welds are used when the ng
material thickness >5 mm (% in.) [Not

Mandatory preheat has been applied

to
eSS

erials

minal

e (6)]

rials

minal

e (6)]
ocket
rial

b mm

minal

e (6)]

minal

e (6)]

rials

minal

e (6)]
ocket
ial
in.)

minal

e (6)]

d-when-thend

P-No. 5B, Group No. 1

P-No. 6, Group Nos. 1-3

All

SFFYHRE:

o
attachments [Note (7)]

All

Matinlalasvzar iz ldc axa 1
v pre-Tayer-werasare-t

material thickness >5 mm (% in.) [Not

No exemptions from PWHT

minal

e (6)]

Specified carbon content of the base materials

<0.08%

Nominal material thickness <10 mm (% in.)
Weld filler metal is A-No. 8, A-No. 9, or F-No. 43

composition [Note (8)]
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Table 331.1.3 Exemptions to Mandatory Postweld Heat Treatment (Cont’d)

P-No. and Group No.

(ASME BPVC, Section IX, Control Thickness, Additional Limitations Required for
QW/QB-420) [Note (1)] mm (in.) [Note (2)] Type of Weld Exemption From PWHT [Notes (3)-(5)]
P-No. 7, Group No. 1 All All Specified carbon content of the base materials
<0.08%

Nominal material thickness <10 mm (% in.)
Weld filler metal is A-No. 8, A-No. 9, or
F-No. 43 compaosition [Note (8)]

P-No.|7, Group No. 2 No exemptions from PWHT

P-No.|8, all Group Nos. All All PWHT neither required ner prohibit¢d

P-No.|94A, Group No. 1 All All Specified carbon €ontent of the pipe material
<0.15%

Nominal matetial thickness <13 mm |(% in.)
Mandatory)preheat has been applied

P-No.|9B, Group No. 1 All All Néminal material thickness <16 mm {% in.) and
the WPS has been qualified using 4 material

of equal or greater thickness than pised in the
production weld

P-No.|10H, Group No. 1 All All PWHT neither required nor prohibit¢d

P-No.|10], Group No. 1 All All PWHT neither required nor prohibit¢d for
nominal material thickness <13 min (% in.)

P-No.|11A <50 mm (2 in.) All

P-No.|15E No exemptions from PWHT
P-No.|62 No exemptions from PWHT
NOTESY:

(1) If differences with the P-No. listed in"Appendix A are found, the P-No. listed in ASME BPVC, Section IX, Table QW/QB-422]applies.

(2) THe control thickness is defined.in para. 331.1.3.

(3) THe nominal material thickness is defined in para. 331.1.3(c).

(4) Ng exemptions are pernitted for PWHTs required by the designer or the WPS.

(5) Additional exemptions for welds made in accordance with para. 328.7 may be taken for the materials addressed.

(6) Sipgle-layer or single-pass welds may be exempted from PWHT, provided the WPS has been qualified using single-pass welds with +10% heat
input and that all*ether conditions for exemption are met.

(7) Ngn-load-carrying attachments are defined as items where no pressure loads or significant mechanical loads are transmitted [through the
atfachment\to”"the pipe or pressure-containing material.

(8) THe A{Nes: and the F-Nos. are found in ASME BPVC, Section IX, Tables QW-442 and QW-432, respectively.
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332.2 Bending

332.2.1 Bend Flattening. Flattening of a bend, the
difference between maximum and minimum diameters
at any cross section, shall not exceed 8% of nominal
outside diameter for internal pressure and 3% for external
pressure. Removal of metal shall not be used to achieve
these requirements.

332.2.2 Bending Temperature

333 BRAZING AND SOLDERING

333.1 Qualification

333.1.1 Brazing Qualification. The qualification of
brazing procedures, brazers, and brazing operators
shall be in accordance with para. 328.2. For Category
D Fluid Service at design temperature not over 93°C
(200°F), such qualification is not required unless specified
in the engineering design.

(a) Colf bending of ferritic materials shall be done at a
temperatyre below the transformation range.

(b) Hofbending shall be done at a temperature above
the trandformation range and in any case within a
temperatre range consistent with the material and
the intended service.

332.2.3| Corrugated and Other Bends. Dimensions and
configuration shall conform to the design qualified in
accordande with para. 306.2.2.

332.3 Farming

The temperature range for forming shall be consistent
with matdrial, intended service, and specified heat treat-
ment.

332.4 Required Heat Treatment

Heat tr¢atment shall be performed in accordance with
para. 331J1.1 when required by para. 332.4.1 or 332.4.2.
The process and temperature control methods described
in ASME B31P are recommended.

332.4.1{ Hot Bending and Forming. After hot-bending
and forming, heat treatmentis required for P-Nos:3, 4, 5, 6,
and 10A jmaterials in all thicknesses. Durations and
temperatyres shall be in accordance withypara. 331.

332.4.2
and form
nesses, af
Table 331

Cold Bending and Formjng:After cold bending
ng, heat treatment is-required (for all thick-
d with temperature~and duration as given in
1.1) when any of.the.following conditions exist:

(a) for] P-Nos. 1 through 6 materials, where the
maximun] calculated. fiber elongation after bending or
forming exceeds 50%.0f specified basic minimum elonga-
tion (in the direction of severest forming) for the appli-
cable splecification, grade, and thickness. This
requirement’may be waived if it can be demonstrated

333.1.2 Soldering Qualification. The qualifi€atjon of
solderers shall be in accordance with the requirements
of ASTM B828, Standard Practice for Making Caplillary
Joints by Soldering of Copper and Copper Alloy|Tube
and Fittings.

333.2 Brazing and Soldering Materials

333.2.1 Brazing Filler Metal and Flux. Brazing
metal and flux shall comfilyywith AWS A5.8, Specifi
for Filler Metals for Brdzing and Braze Welding, and
A5.31, Specification for Fluxes for Brazing and Braze
Welding, respectively, or other filler metals and fluxes
that have been qualified in accordance with ASME
BPVC, Section IX.

333.2:2 Soldering Filler Metal and Flux. Soldering
fillermetal and flux shall comply with ASTM B32, Standard
Specification for Solder Metal, and ASTM B813, Standard
Specification for Liquid and Paste Fluxes for Solderjng of
Copper and Copper Alloy Tube, respectively.

filler
ation
AWS

333.3 Preparation and Cleaning

333.3.1 Surface Preparation. The surfaces to be brazed
or soldered shall be clean and free from grease, okides,
paint, scale, and dirt of any kind. A suitable chejmical
or mechanical cleaning method shall be used if necgssary
to provide a clean wettable surface.

333.3.2 Joint Clearance. The clearance between
surfaces to be joined by soldering or brazing shpll be
no larger than necessary to allow complete caplillary
distribution of the filler metal.

333.3.3 Flux Removal. Residual flux shall be renjoved.

335 ASSEMBLY AND ERECTION

that the selection of pipe and the choice of bending or
forming process provide assurance that, in the finished
condition, the most severely strained material retains
at least 10% elongation.

(b) forany material requiring impact testing, where the
maximum calculated fiber elongation after bending or
forming will exceed 5%.

(c) when specified in the engineering design.

78

335.1 Alignment

(a) Piping Distortions. Any distortion of piping to bring
itinto alignment for joint assembly thatintroduces a detri-
mental strain in equipment or piping components is
prohibited.

(b) Cold Spring. Before assembling any joints to be cold
sprung, guides, supports, and anchors shall be examined
for errors that might interfere with desired movement or
lead to undesired movement. The gap or overlap of piping
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prior to assembly shall be checked against the drawing
and corrected if necessary. Heating shall not be used
to help in closing the gap because it defeats the
purpose of cold springing.

(c) Flanged Joints. Unless otherwise specified in the
engineering design, flanged joints shall be aligned as
described in (1) or (2), and (3).

(1) Before bolting, mating gasket contact surfaces
shall be aligned to each other within 1 mm in 200 mm

aasrad-across—anas

testing may be seal welded in accordance with
para. 328.5.3, provided all compound is removed from
exposed threads.

335.3.3 Straight Threaded Joints. Typical joints using
straight threads, with sealing at a surface other than the
threads, are shown in Figure 335.3.3, illustrations (a), (b),
and (c). Care shall be taken to avoid distorting the seat
when incorporating such joints into piping assemblies
by welding, brazing, or bonding.

(Ve inf—mm

') The flanged joint shall be capable of being bolted
such that the gasket contact surfaces bear uniformly on the
gasket.
3) Flange boltholes shall be aligned within 3 mm (Y%
in.) maximum offset.

335.2 Flanged Joints

335.2.1 Preparation for Assembly. Any damage to the
gaskelt seating surface that would prevent gasket seating
shall pe repaired, or the flange shall be replaced.

335
(a)

unifo

.2.2 Bolting Torque

In assembling flanged joints, the gasket shall be
'mly compressed to the proper design loading.

(b)| Special care shall be used in assembling flanged
jointg in which the flanges have widely differing mechan-
ical pfoperties. Tightening to a predetermined torque is
recompmended.

334
nuts
the f

33"
used

339
ment
quali
desig
sure
BPVC

.2.3 Bolt Length. Bolts shall extend through their
uch that there is complete thread engagement for
11 depth of the nut.

.2.4 Gaskets. No more than one gasket shall be
between contact faces in assembling a flanged joint.

.2.5 Flanged Joint Assembly./Assembly require-
s for bolted flanged joints and flanged joint assembler
fications shall be considered in the engineering
n. For guidance, see ASME PCC-1, Guidelines for Pres-
Boundary Bolted<Flange Joint Assembly, and ASME
Section VIIJ, Division 1, Nonmandatory Appendix S.

335.3 Threaded*Joints

335.3.1xThread Compound or Lubricant. Any

comppund.or lubricant used on threads shall be suitable
for thle_service temperatures and shall not react unfavor-

335.4 Tubing Joints

335.4.1 Flared Tubing Joints. The ‘sgaling surface of
the flare shall be examined for imperfections before
assembly and any flare havingyimperfectionf shall be
rejected.

335.4.2 Flareless and.Compression Tubing Joints.
Where the manufacturger’s instructions call for g specified
number of turns of thentt, these shall be counted from the
point at which the'nut becomes finger tight.

335.5 Caulked Joints

Caulked joints shall be installed and assembled in accor-
danceswith the manufacturer’s instructions, a§ modified
bythe engineering design. Care shall be taken|to ensure
adequate engagement of joint members.

335.6 Expanded Joints and Special Joint

[

335.6.1 General. Expanded joints and special joints (as
defined in para. 318) shall be installed and assembled in
accordance with the manufacturer’s instructionp, as modi-
fied by the engineering design. Care shall bg¢ taken to
ensure adequate engagement of joint memberifs.

335.6.2 Packed Joints. Where a packed jointis used to
absorb thermal expansion, proper clearanc¢ shall be
provided at the bottom of the socket to permit this move-
ment.

335.9 Cleaning of Piping

This Code does not prescribe mandatory procedures for
flushing and cleaning. However, for potential hazards that
may result from performing such procedures refer to
Appendix F, para. F335.9 for precautionary donsidera-
tions.

ably with either the service fluid or the piping material.

335.3.2 Joints for Seal Welding. A threaded joint to be
seal welded shall be made up without thread compound. A
joint containing thread compound that leaks during leak

79

335.10 Identification of Piping
See Appendix F, para. F335.10.
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Figure 335.3.3 Typical Threaded Joints Using Straight Threads

Z.

Gasket

248 L 22
V.

Gasket

(a) (b) (c)

GENERAL NOTE: Threads are ASME B1.1 straight threads.

80


https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

Chapter VI
Inspection, Examination, and Testing

340 INSPECTION
340.1 General

This Code distinguishes between examination (see
para.341) and inspection. Inspection applies to functions
perfofmed for the owner by the owner’s Inspector or the
Inspdctor’s delegates. References in this Code to the
“Inspgctor” are to the owner’s Inspector or the Inspector’s
delegptes.

340.2 Responsibility for Inspection

It i5 the owner’s responsibility, exercised through the
ownelr’s Inspector, to verify that all required examinations
and t¢sting have been completed and to inspect the piping
to thqg extent necessary to be satisfied that it conforms to
all applicable examination requirements of the Code and
of thg engineering design.

340.3 Rights of the Owner’s Inspector

Th¢ owner’s Inspector and the Inspector’s delegates
shall fhave access to any place where work'cdoncerned
with [the piping installation is being performed. This
includes manufacture, fabrication, héat treatment,
assermpbly, erection, examination,-and testing of the
piping. They shall have the right to-audit any examination,
to inspect the piping using any examination method speci-
fied bly the engineering design,"and to review all certifica-
tions| and records necessary to satisfy the owner’s
responsibility stated in.para. 340.2.

340.4 Qualifications of the Owner’s Inspector

(a)| The owner’s Inspector shall be designated by the
ownelr and shall be the owner, an employee of the owner,
an enjployee of an engineering or scientific organization,

credited engineering degree shall be considexg¢d equiva-
lent to 1 yr of experience, up to 5 yr total.
(2) have a professional engineering Tregigtration or
nationally recognized equivalent with at least 5 yr of
experience in the design, fabrication, or examiination of
industrial pressure piping.
(3) be a certified welding inspector or a senior certi-

fied welding inspector as-defined in AWS QC1,[Specifica-
tion for AWS Certification of Welding Inspectors, or
nationally recognized equivalent with at least 5 yr of
experience in thé design, fabrication, or examiination of
industrial presSure piping.
(4) b®an authorized piping inspector as fefined in

API 570; Piping Inspection Code: In-service Ipspection,
Ratifg, )Repair, and Alteration of Piping Systems, with
at least 5 yr of experience in the design, fabr]cation, or
examination of industrial pressure piping.
(c) In delegating performance of inspegtion, the
owner’s Inspector is responsible for determining that a
person to whom an inspection function is delegated is
qualified to perform that function.

341 EXAMINATION

341.1 General

Examination applies to quality control functions
performed by the manufacturer (for compongnts only),
fabricator, or erector. Reference in this Code td an exam-
iner is to a person who performs quality contro] examina-
tions.

341.2 Responsibility for Examination

Inspection does not relieve the manufacturer} the fabri-
cator, or the erector of the responsibility for
(a) providing materials, components, and yworkman-

or the-employvee of arecognized insurance-or-inspection
r J [=] r

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:
(1) have at least 10 yr of experience in the design,
fabrication, or examination of industrial pressure piping.
Each 20% of satisfactorily completed work toward an ac-

shipimaccordance withrthe Tequirememntsof this Code
and of the engineering design [see para. 300(b)(3)]

(b) performing all required examinations

(c) preparing suitable records of examinations and
tests for the Inspector’s use

341.3 Examination Requirements

341.3.1 General. Prior to initial operation, each piping
installation, including components and workmanship,
shall be examined in accordance with the applicable
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requirements of para. 341. The type and extent of any
additional examination required by the engineering
design, and the acceptance criteria to be applied, shall
be specified. Joints not included in examinations required
by para. 341.4 or by the engineering design are accepted if
they pass the leak test required by para. 345.

(a) ForP-Nos.3,4,5A4,5B,5C, and 15E materials, exam-
inations shall be performed after completion of heat treat-
ment. However, examinations need not be repeated on
welds or pertiens-ofwelds-thatare-subjected-to-additiona
ents and have not been repaired by welding.

weld shall be completed before any reinforcing pad or
saddle is pdded.

341.3.2| Acceptance Criteria. Acceptance criteria shall
be as statpd in the engineering design and shall at least
meet the ppplicable requirements stated below.
(a) W4lds. See Figure 341.3.2 for typical weld imper-
fections.
(1) Hor radiography and visual, see Table 341.3.2.
(2) Hor magnetic particle, see para. 344.3.2.
(3) Hor liquid penetrant, see para. 344.4.2.
(4) Hor ultrasonic, see para. 344.6.2.
(b) Cagtings. Acceptance criteria for castings are speci-
fied in pafa. 302.3.3.

341.3.3 Defective Components and Workmanship.
Defects (imperfections of a type or magnitude not accept-
able by the criteria specified in para. 341.3.2) shall be
repaired, pr the defective item or work shall be replaced:
Discontinfiities detected outside the area required o*be
examined|during weld joint examinations should be eval-
uated and resolved in a manner acceptable to the owner
and desigher.

Examinption shall be as follows:

(a) Whien the defective item or work is repaired, the
repaired ]rortion of the item or work shall be examined.
The examjfnation shall use the-same methods and accep-
tance critg¢ria employed for. thevoriginal examination. See
also para|341.3.1(a).

(b) Whien the defective item or work is replaced, the
new item| or work used to replace the defective item
or work ghall béyéxamined. The examination shall use
any methHod @nd applicable acceptance criteria that
meet the|requirements for the original examination.

(b) if the items examined as required by (a) above are
acceptable, the defective item shall be repaired or
replaced and reexamined as specified in para. 341.3.3,
and all items represented by these two additional
samples shall be accepted, but

(c) if any of the items examined as required by (a)
above reveals a defect, two further samples of the
same kind shall be examined for each defective item
found by that sampling
are acceptable, the defective item(s) shall be repai
replaced and reexamined as specified in para.34 1/3.
all items represented by the additional sampling shall be
accepted, but

(e) if any of the items examined)as required By (c)
above reveals a defect, all items/sépresented by the
progressive sampling shall be either

(1) repaired or replaced and reexamin
required, or

(2) fully examined and repaired or replaced ap nec-
essary, and reexaminéd as necessary to meet the require-
ments of this Code

(f) Ifany ofthe'defective items are repaired or repjaced,
reexaminedyand a defect is again detected in the repaired
or replacéd item, continued progressive sampling in
accordance with (a), (c), and (e) is not required pased
on the new defects found. The defective item(s)|shall
bérepaired or replaced and reexamined until accegtance
as specified in para. 341.3.3. Spot or random examinjation
(whichever is applicable) is then performed o the
remaining unexamined joints.

bd as

341.4 Extent of Required Examination

341.4.1 Examination — Normal Fluid Service. I
in Normal Fluid Service shall be examined to the ¢
specified herein or to any greater extent specified
engineering design. Acceptance criteria are as sta
para. 341.3.2 and in Table 341.3.2, for Normal
Service unless otherwise specified.

(a) Visual Examination. At least the following shall be
examined in accordance with para. 344.2:

(1) sufficient materials and components, selected at
random, to satisfy the examiner that they confoym to
specifications and are free from defects.

(2) at least 5% of fabrication, as defin
para. 300.2.

iping
Xtent
n the
ed in
Fluid

bd in

See also para. 341.3.1(ajJ.

341.3.4 Progressive Sampling for Examination. When
required spot or random examination reveals a defect,
then

(a) two additional samples of the same kind (if welded
or bonded joints, by the same welder, bonder, or operator)
from the original designated lot shall be given the same
type of examination

82

(3) 100% of all completed welds, except those in
components made in accordance with a listed standard.
See para. 341.5.1(a) for examination of longitudinal welds
required to have a joint factor, Ej;, of 0.90.

(4) random examination of the assembly of
threaded, bolted, and other joints to satisfy the examiner
that they conform to the applicable requirements of
para. 335. When pneumatic testing is to be performed,
all threaded, bolted, and other mechanical joints shall
be examined.
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Figure 341.3.2 Typical Weld Imperfections

NN AN

Lack of fusion between weld bead and base metal

a) Side Wall f

SONSSANNS

(b) Lack of Fusion Between

&\Wﬁ/ AN\N\G

Incomplete filling at root on one side only

(c) Incomplete Penetration due to Internal
Misalignment

AN

Root bead fused to both inside surfaces but
center of root slightly below inside
surface of pipe (not incomplete penetration)

(e) Concave Root Surface (Suck-Up)

1\\\%\&\\

Adj Passes

7|

Incomplete filling at root

(d) Incomplete Penetration
of Weild Groove

External undercut

/

Internal undercut

(f) Undercut



https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

9[qeL 10 ‘WI-V 3[qeL ‘T-V [qeL U

‘ugdisap Jurisauidus ayy £q 10 ‘B

"ssawydIY} [eurwou ur (ur °%.) ww G5 sp[am .10y A[uo paje

[eaa aqe suonodayradwi asay], (S)

'syroddns pue quawadlojulal youe.lq ‘saduepy uo-di[s 10j Sp[om JUSWIYIEIE PUE ‘SP[OM [B3S PUe 19300S Sapnpul pjam 19[[1d (¥)
'6'GFE "eded 99s ‘Sp[am 9say) Jo UoneUIUIEXd SaIMbali 159, yeaT 9ANBUILIY ‘T'9ZE

[ pa3SI] pIBpUEIS B Y3IIM 20UBP.IgI9E Ul apew spjom 03 A[dde 03 papuajul jou a.e eLIalL) ‘weas ([esr[ay) [eards pue jySrens sap

foul p[am 9400.3 eurpnyiduo (g)

'sde[ pajesrIqej pue sayduelIq ul Sp[om Jururejuod aanssaxd sapnpur pfom uondsuuod Yuerg (z)

€6 TS pue G I¥¢ 'seded osfe 995 "udisap Surisauidus ayy ul payads aq Aew eLISILID JUISULIIS-2I0]\ "UOIEUTWEXD

a11mbau 10j ate uaaid ereit) (1)
‘SHLON

‘wonayredwl pom jo puny SIyy Sunengeas Ioj pasn A[elausad jou poyjaw uonpurwexa sajearput () sisdiyg (p)

gonoayraduil pfom jo pury syl Sunen[eas Joj pasn A[erausd poylauwr uo
"PIom jo ad4) siyy Joj uonpayradu Jo pun{ syl jo uonen[eas aimbal jou sa0p 10 eLISILD ddueldadde YsI[qelss jou
[FEIN PUB ‘SHTHE THIVE T TIHE "seted ur paynads,se ‘uaalS spoyiaw uoneurwexa jo sad4A} ay3 jo aiow 1o auo Aq pay

heurwexa sajedrpul (A) }oayn (0)
90p apo) ayy saredrpul y/N, ()
n[eas ale suondajtadwi pop ()

‘SHLON TVYINID

uorsnyoad
, [BUISIYI 10 JUSWRDIOJUIDL P[OM W n N W 1 1 1 1 1 1
ySnoayy-uinq
VA VA J0 J00J JARIUOD ‘@IBJINS IABIUO) N V/N M N V/N )| ) V/N A A
, ysiuy doeyIng V/N V/N V/N V/N [ [ [ V/N V/N V/N
[(S) @10N] uorsnpur
, gers paspdxa 10 £1soaod aoejing v v \ v v v v A A4 A4
Vs ’ Sumnouepup H H \ I v \4 \4 H \4 H
Vs SuonedIpul Jedur| V/N V/N V/N V/N V/N k| k| V/N 9 9
, suonesIpu] papunoy V/N V/N V/N V/N V/N a a V/N q q
Vs , uonenaduad a1a1dwodu] d V/N \4 o) V/N \4 \4 V/N \4 d
Vs , uoisny Jo yoeq \ V/N v o) \4 \4 v v v v
,r ,r sjoer) v A v N % s v v % v
Aydeidoipey | rensip uqnoagradw] pram [(2) a1oN] | [(#) @1oN] | [(€) @1oN] | spem | [(#) @1oN] | [(€) =10N] [(2) @1oN] | [(#) proN] | [(€) @10N] [(2) a10N]
PRPM PRPM PI3M 940019 | 340019 |  PIOIM PIPM 240019 SpIdM PM PIIM SpIPIM
uoaUuU0) hE1 (18} [eurpmisuoy | JSMN BET (18 [eurpmiSuo] | uendauuo) hE] 18} 9A0045) uondaUuU0)
oueag pue Youelg reurpmisuoy yPoueag
YALIn pue 94001 pue ‘9A00.19H
TN JONN
“q@arn ‘nary
SPOYId]A uoneuruexy 01A13§ pInjy g A103a1e) SUONIPUO) IIPA) 319A3S ER]VNEIN

pinii N A10831e) pue [ewLION

[(1) 210N] suonipuo) 3314135 10§ pue sp[aM Jo sadA[, 10§ (N 03 V) eLdIL)

uoneujwexy dydesboipey pue jensipn — SPI9M 103 eLIRIID) due3dadNy '€ THE 31qel

84


https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

‘Plem 1nq e Aq paurof syusuoduwiod oM} Jo JIaUUIY) Y} JO SSOUNDIY} [[eM
[eutwou a3 st “' "s[qerdedoe stanfea 1a81e[ a1 ‘10, Aq pajeredas a.1e sanfea Jo $39S 0M] dISYAA "90UeIda00k SAUTULISISP SAN[BA 31} JO 19SS 31} ‘PUk, Aq pajetedss are sanfea Sunrwijomyataym (1)

‘SHLON

‘Aidde jou saop (9) 930N T uI paqr

psap se

aA0qe 1 J10j a1qedijdde anfea ay} 9d1Mm) SI JWIT [(g) @30N] uoisnijoad [eutajul 10 JusWAII0JUIRI[JO JYSIOY W
(%) ss (1) sz<
(%) vs (1) szs (%) 1< "saoeyIns Juauodwod ayy ojul Afyzoouws
() es (&) €15 ‘(%) 9< 931aw [[eys [e3aw pep "(9) 910N ul papiaoad sq 3dedxs
01, core - 3L Je uone[ngel dyy ur anfea WSy d[qedi[ide ayy
(%) s15 () 95
JO SYWI[ UlydIMm 3q [[eYs pam ay3 ySnoayy auerd Lue
('u1) wuwr 9ySvH (un) ww L 104 ut [(g) @30N] uoisnnoad [eulalul 10 JUsWAIOUIAL|JO IYSOH bl
y3noap-uinq
[(#) pue (g) saoN] “L< QuawadIoJural pfom Surpnour ‘ssauxdIy) Julof [e1o], 10 ‘A31AB2U0D 1001 ‘A}1ABDOUO0D ddeyIng jo Yada( M
1'9%9 ISV Ym souepaodde ur’y (um gog) wi g'z1s ssauygdng.a aoeyIng [
SS9 SI J2AdYIYM YISus] PR [BI0) JO %GZ 10
y8us] pfom (‘ur 9) wwr OGT Aue Ul (Ul G'T) Ww GES INDISPUN [BUIIXS pUE [BUIAUI JO YISUI[ Spnenuny
[Cur 28,) ww T 10 +/"L]S pue (uf °}4) ww G'Ts noaspur] Jo yadag I
SS9 SI J2AdYIIYM YISUS] P[aM [e10) JO 67 10
a3us] pfom (‘ur 9) wwr G Aue ur ("ul §'1) WHD 8ES INDI9pUN [BUIIXS pUE [BUIAUI JO Y3SUI[ spnemumny
/"1> pue (ur 2&) wurys masapur] jo ydaq H
[(2) ®10N] yaBus| pfom (ut 9) ww QST Aue ur “L+> y33ua| aAnemwny
7/"15 pue (ur &) ww ¢s IPIM [enplAlpu]
LS 3ua] [pnplarpu]
SuonedIPuUI IeaUI] )
[(2) @10N] wBua] pam i 71 Aue ut “LS> 33ua] aAneUWNY
€/"L> pue (ur %) ww §zs IpIM [PNpIAIpU]
€/"I> yI3ua] [pnprarpug
SUOIIEDIPUI JEIUIT ki
[(2) @30N] @ x §°T sty ‘(ur %) wwg < ‘i 104
[(2) @30N] @ se swes sty ‘(ur %) wwg > “if 104 SuoneSIpul papunol Jo UONNqLISIH pue azig q
[(2) groN] ¥ xipuaddy ‘T uorsIAIg ‘IIIA UORISS DAL WSV 99 SUOIIEdIPUL/PAPUNOI JO UOIINGLIISIP pUe dZIS a
SS9 SI J12AYIYM YISUS] P[aMm 303 JO %GZ 10 uonpnauad
y13us] pom (‘ur 9) wwr oGT Aue ur (‘ur ') ww gEs 9391dwoour pue uoisn}Jo-e[ jo Y3dua[ apnemnuny o)
SS9 SI J2AYIIYM YISUS] P[aM [30)} JO %GZ 10
y8ua] prom (‘ur 9) wwt G Aue ul (‘ur §'7) ww 8ES uonensuad ajardwoou] Joyyadus| apnenwiny q
(uonoayradu Juapiad ou) 0197 uofdajdaduy Jo Juaixy \
.Inseap] [oquAs

[(r) m«_.oz_ syl anfeA a[qeydarny

UOLI9ILID

T'E'TPE 21qEL 10} SIJON INTeA UOLIIL)

85


https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

19[4 10 ‘p[om e ul papyiuLiad e
st AydeSorpes ensipy1-("L) [e30

[[EM WNWIUTW 9Y) UBY) SSI] 3¢ 30
9Y3J0 %0 T 10 (‘u12%; ) W T jo 195

10 ‘A&y1so.10d ‘Se[s aq os[e Aews pue

T [oquIAS 10j uone[n{el)ay) 99s ‘SassausdIy) I91eals 10j p

(ur 7,) ww 95 pue ww z< ssay

(ur ¥%,) ww zs ssay

:sanfea SUIMO[[0] 93 pasdxa jou [[EYs) uoisnnyoad [eursur ‘Afud

‘Ajdde jou saop uoisnoad [eutalul ‘Yz 58z 2.In3h 1eoly) (8213210943 Y} W)
uorsn.13o.1d [BUISIUI PUE JUSWSI.I0JUIS Y30 ‘sjuauodwiod Juade(pe ay) Jo S90eLINS 93 WO dpewl SUUFINSLIW 33 JO 19SS
'uonoafa. 10y asned SI [e3dW aseq Jusde(pe Yy} uey) JIadptep ssauysLiq 1o AISUPLy "pazinn aq Aeul
U 9seq Juade(pe ay3 y3no.ay) A}Isuap ay3 03 eade pajdajje oY) ydnoayy aSewr ay3 jo Aysuap a3 Surtedwiod Aq pourtuIalap aq Aeuy

1 [[eyS QuawradIojural Aue Surpnoul ‘ssaux 21yl Julol [e101 9y [, ‘[eI9W 9seq a3 YAIM A[Ya00ws pua[q [[eYs A}1ABIU0IDYI40 InoJu
9] 911 P92IXa 10U [[BYS ANABIUO0D [BULISIXD ‘[EIDULIS[[1J JO UONIPPE 91 INOYIIM A[2.111Ud apew sIapeay pue ‘aqny ‘adid ui syafefpap

UonNedIPUI.IBAUI| SB paUlap a1k YIPIM 33 SN 93.1Y) uey) Ja3eaus st yaua] ay3 a.1oym suoned1pu] "Ajsuap ui A1ea Aewr pue’sy

le JU9UIDDI0JUIS [BUISIXD 104
o1y 10y (ur ¢8) ww Gz (q)
yo1yd Joj (ur °%) ww g7 (e)
Ao[[e wnuiwnye ur Sp[am 1oy
0.1) paanseaws s1 3ySoYy ‘Spem
A3 S13YS1aY ‘Sp[om 9A00.3 .10
uostredwod ssaujysLiq ‘pasn
Aiiqeydsooe ‘Ayderdorpet .oy
W ‘ssaudIY}
D2 9y ], 'Ssoux21Y3 [eurwou Juof
[oM 940048 [ErIURI9JWINDIID 10
‘u9ys§unmy
21 oAey Aew ‘odeys ul.qe[nga.Lt

(9)
(<)
(¥)

(€)

10 ‘[eandi[[d ‘“1e[ndJa aq Aew SUONBIIPUI 9SAY], "SSO] .10 YIPIM ) SO} 92143 SI Y3SUS[ WNWIXEW [} I19YM SUOLEIIPUI PIPUNO.L SB PaUlap a.1e Uals3uny .o se[s Se yons suoisnpoul pue £1so1od (z)
(pauo)) :STLON

(PAU0D) Z'E'THE 31qeL 40 SIJON 3NEA UOLIAIID

86


https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

(5) random examination during erection of piping,
including checking of alignment, supports, and cold
spring.

(6) examination of erected piping for evidence of
defects that would require repair or replacement, and
for other evident deviations from the intent of the design.

(b) Other Examination

(1) Not less than 5% of circumferential butt and

miter groove welds shall be examined fully by random

(a) Visual Examination. The requirements of

para. 341.4.1(a) apply with the following exceptions:

(1) All fabrication shall be examined.

(2) All threaded, bolted, and other joints shall be
examined.

(3) All piping erection shall be examined to verify
dimensions and alignment. Supports, guides, and
points of cold spring shall be checked to ensure that move-

ment of the piping under all conditions of startup, opera-
tienrand-shutdewn-will be-accommedated-without undue

radigeraphyinaccordanee—withpara—344-5-6+b¥
randpm ultrasonic examination in accordance with
para.[344.6. The welds to be examined in each designated
lot shall include the work product of each welder or
welding operator whose welds are part of the lot. The
work| of welders depositing only tack welds need not
be represented as part of the lot. Welds shall also be
selectled to maximize coverage of intersections with lon-
gitudjnal joints. When a circumferential weld with an
intergecting longitudinal weld(s) is examined, at least
the afljacent 38 mm (1'% in.) of each intersecting weld
shall pe examined. In-process examination in accordance
with para. 344.7 may be substituted for all or part of the
radiographic or ultrasonic examination on a weld-for-
weld pasis if specified in the engineering design or speci-
fically authorized by the Inspector.

?) Not less than 5% of all brazed joints shall be
examlined by in-process examination in accordance
with para. 344.7, the joints to be examined being selected
to engure that the work of each brazer making the produc-
tion jpints is included.

(c)| Certifications and Records. The examiner shall be
assurled, by examination of certifications, records, and
other| evidence, that the materials and components are
of the specified grades and that they ‘have received
required heat treatment, examination,»and testing. The
exam|ner shall provide the Inspector with a certification
that all the quality control requirements of the Code and of
the epgineering design have-been carried out.

341.4.2 Examination‘— Category D Fluid Service.
Pipifjg and piping €lements for Category D Fluid
Servife as designatéd in the engineering design shall
be vijually examined in accordance with para. 344.2 to
the extent necessary to satisfy the examiner that compo-
nenty, materials, and workmanship conform to the re-

binding or unanticipated constraint.

(b) Other Examination. All circumferential butt and
miter groove welds and all fabricated branch donnection
welds comparable to those shown in Figure 328(5.4E shall
be examined by 100% radiography in accordance with
para. 344.5, or (if specified in“the engineering design)
by 100% ultrasonic examination in accordgnce with
para. 344.6. Socket weldsiand branch connection welds
that are not radiograplied shall be examined by magnetic
particle or liquid penetrant methods in accordance with
para. 344.3 or,344'4.

(c) In-procfess examination in accordance with
para. 344<7) supplemented by appropriate nondestructive
examination, may be substituted for the examination
requited in (b) above on a weld-for-weld basis if specified
in the engineering design or specifically authorigzed by the
Inspector.

(d) Certification and Records. The requir¢gments of
para. 341.4.1(c) apply.

341.4.4 Examination — Elevated Temperature Fluid
Service. Piping in Elevated Temperature Flujd Service
shall be examined to the extent specified hefein or to
any greater extent specified in the engineering design.
Acceptance criteria are as stated in para. 341.3.2 and
in Table 341.3.2, for Normal Fluid Service, unl¢ss the re-
quirements for severe cyclic conditions apply| or other-
wise specified.

(a) Visual Examination. The requirements of
para. 341.4.1(a) apply with the following excgptions:

(1) All fabrication shall be examined.
(2) All threaded, bolted, and other joints shall be
examined.
(3) All piping erection shall be examined to verify
dimensions and alignment. Supports, guldes, and

quiregments of this Code and the engineering design. points of cold spring shall be checked to ensure that move-
AccemwamMLp&JMmi_m&mmem&m;ﬂﬁms@p, opera-

in Table 341.3.2, for Category D fluid service, unless other-
wise specified.

341.4.3 Examination — Severe Cyclic Conditions.
Piping to be used under severe cyclic conditions shall
be examined to the extent specified herein or to any
greater extent specified in the engineering design. Accep-
tance criteria are as stated in para. 341.3.2 and in Table
341.3.2, for severe cyclic conditions, unless otherwise
specified.

tion, and shutdown will be accommodated without undue
binding or unanticipated constraint.

(b) Additional Examination. The examination require-
ments of para. 341.4.1(b) apply with the following excep-
tions:

(1) Fabrication for longitudinal and spiral (helical
seam) welds in P-No. 4 and P-No. 5 materials, except
those in components made in accordance with a listed
specification, shall be examined by 100% radiography
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in accordance with para. 344.5, or by 100% ultrasonic
examination in accordance with para. 344.6.

(2) Socket welds and branch connection welds in P-
No. 4 and P-No. 5 materials that are not radiographed or
ultrasonically examined shall be examined by magnetic
particle or liquid penetrant methods in accordance
with para. 344.3 or 344.4.

(c) Additional Examination Required for Autogenous
Welds, Without Filler Metal, in Austenitic Stainless Steel
and AusteniticHi 3 -
pipe shalll receive nondestructive examination in accor-
dance with the material specification. Autogenously
welded ekpansion joint bellows shall be examined in
accordande with para. X302.2.2(c).

(d) Ceytification and Records. The requirements of
para. 341|4.1(c) apply.

341.5 Sypplementary Examination

Any of|the methods of examination described in
para. 344 may be specified by the engineering design
to suppl¢ment the examination required by para.
341.4. The extent of supplementary examination to be
performegl and any acceptance criteria that differ from
those in pjira. 341.3.2 shall be specified in the engineering
design.

341.5.1| Spot Radiography

(a) Lopgitudinal Welds. Spot radiography for longitu-
dinal grodve welds required to have a weld joint factor E;
of 0.90 rdquires examination by radiography in accor¢
dance with para. 344.5 of at least 300 mm (1 ft)_in
each 30 m (100 ft) of weld for each welder or welding
operator.|Acceptance criteria are those stated.in Table
341.3.2 fgr radiography under Normal Fluid Service.

(b) Circumferential Butt Welds and Other Welds. It is
recommended that the extent of examination be not
less than|one shot on one in each 20 welds for each
welder orf welding operator. Unless“otherwise specified,
acceptance criteria are as stated in Table 341.3.2 for radio-
graphy unjder Normal Fluid-Service for the type of joint
examined

(c) Prqgressive Sampling for Examination. The provi-
sions of para. 341£3.4 are applicable.

(d) Wdlds to-Be-Examined. The locations of welds and
the points|at which they are to be examined by spot radio-
graphy shall{be selected or approved by the Inspector.

342 EXAMINATION PERSONNEL

342.1 Personnel Qualification and Certification

Personnel performing nondestructive examination to
the requirements of this Code shall be qualified and certi-
fied for the method to be utilized following a procedure as
described in ASME BPVC, Section V, Article 1, T-120(e) or

.

For in-process examination, the examinationsshall be
performed by personnel other than those performing the
production work.

343 EXAMINATION PROCEDURES

Any examination shall be pefformed in accordanc¢ with
a written procedure that conforms to one of the methods
specified in para. 344, including special methods (seq para.
344.1.2). Procedures shall be written as required in ASME
BPVC, Section V, Article 1, T-150. The employer shallfmake
the examinatiof, procedures employed available o the
Inspector.

344 TYPES OF EXAMINATION

344.1 General

344.1.1 Methods. Except as provided in para. 344.1.2,
any examination required by this Code, by the engingering
design, or by the Inspector shall be performed in accor-
dance with one of the methods specified herein.

344.1.2 Special Methods. If a method not spegified
herein is to be used, it and its acceptance criterial shall
be specified in the engineering design in enough detail
to permit qualification of the necessary proceglures
and examiners.

344.1.3 Definitions. The following terms apply to any
type of examination:

100% examination : complete examination of all of a speci-
fied kind of item in a designated lot of piping’

random examination®: complete examination of a pefcent-
age of a specified kind of item in a designated lot of p{ping"

341.5.2 Hardness Tests. Hardness tests are not
required to verify proper heat treatment except as other-
wise specified in the engineering design.

341.5.3 Examinations to Resolve Uncertainty. Any
method may be used to resolve doubtful indications.
Acceptance criteria shall be those for the required exam-
ination.

! A designated lot is that quantity of piping to be considered in applying
the requirements for examination in this Code. The quantity or extent of a
designated lot should be established by agreement between the
contracting parties before the start of work. More than one kind of desig-
nated lot may be established for different kinds of piping work. See Pipe
Fabrication Institute Standard ES-48, Random Examination, for exam-
ples of lot selection.

2 Random or spot examination will not ensure a fabrication product of a
prescribed quality level throughout. Items not examined in a lot of piping
represented by such examination may contain defects that further exam-
ination could disclose. Specifically, if all radiographically disclosable
weld defects must be eliminated from a lot of piping, 100% radiographic
examination must be specified.
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spot examination®: a specified partial examination of each
of a specified kind of item in a designated lot of piping,* e.g,,
of part of the length of all shop-fabricated welds in a lot of
jacketed piping

random spot examination®: a specified partial examination
of a percentage of a specified kind of item in a designated
lot of piping’

344.2 Visual Examination

(1) Alinear indication is one having a length greater
than three times its width.

(2) A rounded indication is one of circular or ellip-
tical shape with a length equal to or less than three times
its width.

(b) Examination. All surfaces to be examined shall be
free of

(1) relevant linear indications

(2) relevant rounded indications >5.0 mm (% in.)

[2) foriy oy snarn palayant porindad s dicat i
ons 1n a
oot rinere-ferevaittfrounaeaiheaies

344.2.1 Definition. Visual examination is the direct
obsefvation of the external and internal portions of
comppnents, joints, and other piping elements that are
readifly accessible or can be exposed to view before,
during, or after manufacture, fabrication, assembly, erec-
tion, examination, or testing. This examination includes
verififation of Code and engineering design requirements
for mpterials, components, dimensions, joint preparation,
alignent, welding, bonding, brazing, bolting, threading,
or other joining method, supports, assembly, and erection.

344.2.2 Method. Visual examination shall be
perfomed in accordance with ASME BPVC, Section V,
Article 9. Examination shall be by the direct visual tech-
nique The use of a remote visual technique and the accep-
tance|criteria beyond the requirements of this Code shall
be a matter of agreement between contracting parties
prior|to the start of fabrication.

Regords of individual visual examinations are not
required except for those of in-process examinations
as specified in para. 344.7.

344.3 Magnetic Particle Examination

344.3.1 Method. Examination of castings-s covered in
para.302.3.3. Magnetic particle examination of welds and
of components other than castings shall be performed in
accorfdance with ASME BPVC, Section V, Article 7.

344.3.2 Acceptance Criteria..Magnetic particle indica-
tions|are caused by the attraction of the test media to
surface or near-surface“discontinuities in the area
under test. However all such indications are not neces-

line separated by 1.5 mm (% in.) or less, edge to edge

344.4 Liquid Penetrant Examination

344.4.1 Method. Examination of castings is ¢overed in
para. 302.3.3. Liquid penetrant.examination of welds and
of components other than castings shall be perfformed in
accordance with ASME BRVE;, Section V, Article 6.

344.4.2 AcceptanceCriteria. Liquid penetrant indica-
tions are caused by.the bleed-out of a visible or fluorescent
dye from a surfaceé discontinuity in the area ynder test.
However, all-sdch indications are not necessarifily imper-
fections, since’excessive roughness, poor surfacg prepara-
tion, etc.,”may produce nonrelevant indications.
Inadviertent evidence of penetrant not related to actual
bleed-out is classified as a false indication. Indications
shall be verified as being relevant, nonrelevant, or
false. Additional surface preparation and/or pther test
methods may be used as needed to verify the|relevance
of an indication.

An indication of an imperfection may be larggr than the
imperfection that causes it; however, the size df the indi-
cation is the basis for acceptance evaluation. Only indica-
tions that have any dimension greater than 1.5 mm (%
in.) shall be considered relevant.

(a) Indications

(1) Alinear indication is one having a length greater
than three times its width.
(2) A rounded indication is one of circuldr or ellip-
tical shape with a length equal to or less than three times
its width.

(b) Examination. All surfaces to be examine
free of

(1) relevant linear indications
(2) relevant rounded indications >5.0 mth (¥ in.)
(3) four or more relevant rounded indicqdtions in a

d shall be

nonrelevant, or false. Additional surface preparation
and/or other test methods may be used as needed to
verify the relevance of an indication.

An indication of an imperfection may be larger than the
imperfection that causes it; however, the size of the indi-
cation is the basis for acceptance evaluation. Only indica-
tions that have any dimension greater than 1.5 mm (%
in.) shall be considered relevant.

(a) Indications

89

1
[The Separated by 1.5 MM ( /1 IN.) OF IeSS, edge to edge

344.5 Radiographic Examination

344.5.1 Method. Radiography of castings is covered in
para. 302.3.3. Radiography of welds and of components
other than castings shall be performed in accordance with
ASME BPVC, Section V, Article 2. For the purpose of image
quality indicator (IQI) selection, for welds with reinforce-
ment, the thickness used shall be the nominal wall
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thickness, T, plus the allowable external reinforcement
and internal reinforcement (protrusion) combined.

344.5.2 Extent of Radiography

(a) 100% Radiography. This applies only to girth and
miter groove welds and to fabricated branch connection
welds comparable to Figure 328.5.4E, unless otherwise
specified in the engineering design.

(b) Random Radiography. This applies only to girth and

(e) The reference level for monitoring discontinuities
shall be modified to reflect the transfer correction when
the transfer method is used.

344.6.2 Acceptance Criteria. Acceptance criteria shall
be as described in (a) or (b).

(a) A discontinuity is unacceptable if the amplitude of
the indication exceeds the reference level and its length
exceeds

(1) 6 mm (% in.) for T, < 19 mm (% in.)

miter gropve welds.

(c) Spqt Radiography. This requires a single exposure
radiograph in accordance with para. 344.5.1 at a point
within a $pecified extent of welding. For girth, miter,
and brangh groove welds, the minimum requirement is

(1) fpr sizes <DN 65 (NPS 2%), a single elliptical
exposure [encompassing the entire weld circumference

(2) for sizes >DN 65, the lesser of 25% of the inside
circumference or 152 mm (6 in.)

For longitudinal welds, the minimum requirement is
152 mm (6 in.) of weld length.

344.6 Ultrasonic Examination

344.6.1 Method. Examination of castings is covered in
para. 302.3.3; other product forms are not covered. Ultra-
sonic examination of welds shall be performed in accor-
dance with ASME BPVC, Section V, Article 4, except that the
alternativp specified in (a) and (b) below is permitted for
basic calipration blocks specified in T-434.2.1 and T-
434.3.

(a) When the basic calibration blocks have not received
heat treayment in accordance with T-434.1.5, transfer
methods shall be used to correlate the responses*from
the basic falibration block and the component. Transfer
is accomplished by noting the difference between
response$ received from the same reference reflector
in the bapic calibration block and inJthe component
and corregting for the difference,

(b) Thg reference reflector,may be a V-notch (which
must subsequently be removed), an angle beam search
unit actirlg as a reflecton,‘or any other reflector that
will aid irf accomplishing the transfer.

(c) When the transfer method is chosen as an alterna-
tive, it shall be usedy at the minimum

(1) forsizes<DN 50 (NPS 2), once in each ten welded
joints examined

(2) T,/3 for 19 mm (%, in.) <T,, < 57 mm (2]

(3) 19 mm (% in.) for T,, > 57 mm (2% i)
(b) The fracture-mechanics-based ultrasonic examina-
tion acceptance criteria in Appendix Rumay be used if all
requirements of Appendix R are mét:

4 ln)

344.7 In-Process Examination

344.7.1 Definition. In-ptocess examination comprises
examination of the following, as applicable:
(a) joint preparation‘and cleanliness
(b) preheating
(c) fit-up, joint clearance, and internal alignment
to joining
(d) variables specified by the joining procedure,
including filler material
{1) (for welding) position and electrode
(2) (for brazing) position, flux, brazing temperpture,
proper wetting, and capillary action
(e) (for welding) condition of the root pass|after
cleaning — external and, where accessible, interpal —
aided by liquid penetrant or magnetic particle examina-
tion when specified in the engineering design
(f) (for welding) slag removal and weld con
between passes
(g) appearance of the finished joint

prior

ition

344.7.2 Method. The examination is visual, in §
dance with para. 344.2, unless additional method
specified in the engineering design.

ccor-
S are

345 TESTING
345.1 Required Leak Test

Prior to initial operation, and after completion
applicable examinations required by para. 341,

bf the
each

2) f
each 1.5 m (5 ft) of welding examined

(3) for sizes >DN 450, once for each welded joint
examined

(d) Each type of material and each size and wall thick-

ness shall be considered separately in applying the
transfer method. In addition, the transfer method shall
be used at least twice on each type of weld joint.

. A0 e DAL A A CAIDC 4O -
IHIZES ~UIN OU dITU S UNN FOoU (INFo 16, UIICE I

90

piping-system—shall-be—tested—to—ensure-tightness. The
test shall be a hydrostatic leak test in accordance with
para. 345.4 except as provided herein.

(a) Atthe owner’soption, a piping system in Category D
fluid service may be subjected to an initial service leak test
in accordance with para. 345.7, in lieu of the hydrostatic
leak test.

(b) Where the owner considers a hydrostatic leak test
impracticable, either a pneumatic test in accordance with
para. 345.5 or a combined hydrostatic-pneumatic test in

(20)
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accordance with para. 345.6 may be substituted, recog-
nizing the hazard of energy stored in compressed gas.

(c) Where the owner considers both hydrostatic and
pneumatic leak testing impracticable, the alternative
specified in para. 345.9 may be used ifboth of the following
conditions apply:

(1) a hydrostatic test would
(-a) damage linings or internal insulation

(-b) contaminate a process that would be hazard-
yrraciva orinanarativain tha meacanca o fanaictura

(c) Low Test Temperature. The possibility of brittle
fracture shall be considered when conducting leak
tests at metal temperatures near the ductile-brittle tran-
sition temperature.

345.2.3 Special Provisions for Testing

(a) Piping Components and Subassemblies. Piping
components and subassemblies may be tested either sepa-
rately or as assembled piping.

ous, Co¥r the-presence-ofmeoi

(-c) require significant support modifications for
ydrostatic test load or

(-d) present the danger of brittle fracture due to
low metal temperature during the test
?) a pneumatic test would

(-a) presentanundue hazard of possible release of
energy stored in the system or
(-b) present the danger of brittle fracture due to
low metal temperature during the test

(d)| Unless specified in the engineering design, lines

open |to the atmosphere, such as vents or drains down-
stream of the last shutoff valve, need not be leak tested.

the h

345.2 General Requirements for Leak Tests

Re
type
34%.2.1 Limitations on Pressure

(a)| Reduced Test Pressure. If the test pressure would
prodyce a circumferential or longitudinal stress (baséd on
minithum pipe wall thickness) in excess of yieldstrength
attesttemperature or is greater than 1.5 times.the compo-
nent rating at test temperature, the test pressure may be
reduded to the maximum pressure that will not exceed the
lesseyf of the yield strength or 1.5 timesacomponent rating
at tegt temperature. [See para.302.3.2.] For metallic
bellgws expansion joints,,see”Appendix X, para.
X302J2.3(a).

(b)| Test Fluid Expansiofi. 1fa pressure test is to be main-
tainedl for a period of time,and the test fluid in the system is
subjeft to thermal expansion, precautions shall be taken to
avoid| excessive pressure.

(c)| Preliminary Pneumatic Test. A preliminary test
using|air atnosmore than 170 kPa (25 psi) gage pressure
may lpe made prior to hydrostatic testing to locate major
leaks

juirements in para. 345.2 apply to more than one
pf leak test.

(b Flanged joints. Flanged joints used tp connect
piping components and subassemblies_that have
previously been tested, and flanged jdint$s at which a
blank or blind is used to isolate equipment or other
piping during a test, need not be leak tested in afcordance
with para. 345.1.

(c) Closure Welds. The findl/weld connect
systems or componentsythat have been sug¢cessfully
tested in accordance with para. 345 need n¢t be leak
tested provided the weld is examined in-procesf in accor-
dance with para,’344.7 and passes with 100% radio-
graphic examination in accordance with paral 344.5 or
100% ultrasonic examination in accordance ith para.
344.6.

(d) Imstrument Connections. Threaded joirts, tubing
joints; or a combination of these joints used fo connect
instfuments to previously leak tested piping/ need not
be leak tested in accordance with para. 345.1

(e) See also Appendix F, para. F345.2.3.

ng piping

345.2.4 Externally Pressured Piping

(a) Except as provided in (b) below, piping systems
subject to external pressure shall be tested at gn internal
gage pressure 1.5 times the external differential pressure,
but not less than 105 kPa (15 psi).

(b) Asanalternative toleak testing under inte
sure, piping systems designed for vacuum sefvice only
may be subjected to a vacuum leak test method, fechnique,
and acceptance criteria specified by the owner. The
vacuum leak test shall be performed following a
written procedure complying with the applicpble tech-
nical requirements of ASME BPVC, Section |V, Article
10. Leak-testing personnel shall be qualified anf certified
as required by ASME BPVC, Section V, Article 1} T-120(e)

or (f).
345.2.5 Jacketed Piping

rnal pres-

345.2.2 Other Test Requirements

(a) Examination for Leaks. The leak test pressure shall
be maintained for at least 10 min and then all joints and
connections shall be examined for leaks. The test pressure
may be reduced to not less than the design pressure while
performing this examination.

(b) Heat Treatment. Leak tests shall be conducted after
any heat treatment has been completed.

91

(a) The internal line shall be leak tested on the basis of
the internal or external design pressure, whichever results
in a higher test pressure. This test must be performed
before the jacket is completed if it is necessary to
provide visual access to joints of the internal line as
required by para. 345.3.1.

(b) The jacket shall be leak tested in accordance with
para. 345.1 based on the jacket design conditions. The test
pressure is permitted to be lower when so specified in the
engineering design.
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345.2.6 Repairs or Additions After Leak Testing. If
repairs or additions are made following the leak test,
the affected piping shall be retested, except that for
minor repairs or additions the owner may waive retest
requirements when precautionary measures are taken
to assure sound construction.

345.2.7 Test Records. Records shall be made of each

piping system during the testing, including
(a) date of test

be temporarily removed or temporary restraints shall
be added to resist the pressure thrust forces.

(b) Self-restrained metallic bellows expansion joints
(i.e., tied, hinged, pressure balanced, etc.) have restraint
hardware designed to resist the pressure thrust forces.
Except as limited in (c), a piping system containing
self-restrained expansion joints shall be leak tested in
accordance with para. 345. A self-restrained expansion
joint previously shop tested by the manufacturer in accor-

dancawith Appnv\r“v Y mny haovcludad from-tho o 7stem
1) ideRTification of PIDINE Svstem Tested danee-with-Appendixicmay be-excludedfrom-thes
(b) . PIPINg Sy tobeleak tested, except when a sensitive leak testiinaccor-
(c) tesf fluid . . : .

dance with para. 345.8 is required. Restraint hardwdre for
(d) tesf pressure

(e) certification of results by examiner

These rpcords need not be retained after completion of
the test if|a certification by the Inspector that the piping
has satisfactorily passed pressure testing as required by
this Codelis retained.

345.3 Preparation for Leak Test

345.3.1| Joints Exposed

(a) Exdept as provided in (b) and (c) below, all joints,
welds (indluding structural attachment welds to pressure-
containing components), and bonds shall be left uninsu-
lated and|exposed for examination during leak testing.

(b) Joimts previously tested in accordance with this
Code may| be insulated or covered.

(c) At the owner’s option, joints in Category D Fluid
Service that are subject to a hydrostatic leak test
(para. 345.4) or an initial service leak test (parat
345.7) may be insulated and have protective weather
sheathing installed prior to leak testing. Consideration
shall be given to increasing the test period\to allow
time for fossible leakage to pass through the insulation
and weather sheathing.

(d) All joints may be primed and painted prior to leak
testing upless a sensitive leak test(para. 345.8) is
required.

345.3.2 Temporary Supports. Piping designed for
vapor or gas shall be proyided with additional temporary
supports, [f necessary, to'support the weight of test liquid.

345.3.3 Piping‘With Expansion Joints

(a) Uniyestrained expansion joints depend on external
main anchorsto resist pressure thrust forces. Except as

all types of expansion joints shall be designed|for the
sure thrust forces at the test pressure.

(c) When a metallic bellows expansion joint is insftalled
in the piping system subject to a leaktest and the legk test
pressure determined in accérdance with paral 345
exceeds the pressure of the test'performed by the rpanu-
facturer in accordance with"Appendix X, the requiref leak
test pressure shall be feduced to the manufacturerf|s test
pressure.

pres-

345.3.4 Limits of Tested Piping. Equipment thatlis not
to be tested shall be either disconnected from the pipjing or
isolated by blinds or other means during the test. A|valve
may be.used provided the valve (including its clpsure
mechanism) is suitable for the test pressure.

345.4 Hydrostatic Leak Test

345.4.1 Test Fluid. The fluid shall be water ynless
there is the possibility of damage due to freezing|or to
adverse effects of water on the piping or the prjocess
(see para.F345.4.1). In that case another suitable nontoxic
liquid may be used. If the liquid is flammable, its flash{point
shall be at least 49°C (120°F), and consideration shall be
given to the test environment.

345.4.2 Test Pressure. Except as providgd in
para. 345.4.3, the hydrostatic test pressure at gvery
point in a metallic piping system shall be as folloys:

(a) not less than 1.5 times the design pressure,

(b) when the design temperature is greater thgn the
test temperature, the minimum test pressure, 3t the

limited in (c), a piping system containing unrestrained
expansion joints shall be leak tested without any
temporary restraints in accordance with para. 345 up
to 150% of the expansion joint design pressure. If the
required test pressure exceeds 150% of the expansion
joint design pressure and the main anchors are not
designed to resist the pressure thrust forces at the
required test pressure, for that portion of the test
when the pressure exceeds 150% of the expansion
joint design pressure, the expansion joint shall either
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point under consideration, shall be calculated using
eq. (24).
Pr = L5PSy/S (24)
where
P = internal design gage pressure
P r = minimum test gage pressure
S = allowable stress at component design tempera-
ture for the prevalent pipe material; see
Table A-1 or Table A-1M
S r = allowable stress at test temperature for the

prevalent pipe material; see Table A-1 or
Table A-1M
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(c) in those cases where the piping system may not
include pipe itself, any other component in the piping
system, other than pipe-supporting elements and
bolting, may be used to determine the S7/S ratio based
on the applicable allowable stresses obtained from
Table A-1 or Table A-1M. In those cases where the
piping system may be made up of equivalent lengths
of more than one material, the S7/S ratio shall be
based on the minimum calculated ratio of the included

Thereafter, the pressure shall be gradually increased in
steps until the test pressure is reached, holding the pres-
sure at each step long enough to equalize piping strains.
The pressure shall then be reduced to the design pressure
before examining for leakage in accordance with para.
345.2.2(a).

345.6 Hydrostatic-Pneumatic Leak Test

If a combination hydrostatic-pneumatic leak test is

345%.4.3 Hydrostatic Test of Piping With Vessels as a
System’

(a)| Where the test pressure of piping attached to a
vesse] is the same as or less than the test pressure for
the vessel, the piping may be tested with the vessel at
the plping test pressure.

(b)| Where the test pressure of the piping exceeds the
vesse] test pressure, and it is not considered practicable to
isolate the piping from the vessel, the piping and the vessel
may pe tested together at the vessel test pressure,
provifled the owner approves and the vessel test pressure
is notlless than 77% of the piping test pressure calculated
in ac¢ordance with para. 345.4.2(b).

345.% Pneumatic Leak Test

345.5.1 Precautions. Pneumatic testing involves the
of released energy stored in compressed gas. Par4
ticuldr care must therefore be taken to minimize the
change of brittle failure during a pneumatic leaktest.
Test temperature is important in this regard and must
be considered when the designer chooses-the material
of copstruction. See para. 345.2.2(c) and*Appendix F,
paras| F323.4 and F345.5.1.

345.5.2 Pressure Relief Device./A pressure relief
devide shall be provided, having a set pressure not
highdr than the test pressure/plus the lesser of 345
kPa (p0 psi) or 10% of the test pressure.

34%.5.3 Test Fluid:,The gas used as test fluid, if not air,

an 1.I\times the design pressure and shall not
the-Jesser of
(a)| 1433 times the design pressure

used, the requirements of para. 345.5 shall bd met, and
the pressure in the liquid filled part of the piping shall
not exceed the limits stated in para. 345.4.2.

345.7 Initial Service Leak Test

This test is applicable only tgpiping in Categdry D Fluid
Service, at the owner’s option."See para. 345.1(a).

345.7.1 Test Fluid. The test fluid is the senvice fluid.

345.7.2 Procedure. During or prior to initial
the pressure shallbe gradually increased in stegs until the
operating préssure is reached, holding the pressure at
each stepAong enough to equalize piping strains. A pre-
liminary.check shall be made as described in para. 345.5.5
if the service fluid is a gas or vapor.

bperation,

345.7.3 Examination for Leaks. The examipation for
leaks required by para. 345.2.2(a) shall be ¢onducted
while the system is at operating pressure. It is permissible
to omit examination for leaks of joints and cdnnections
previously tested in accordance with this Cod.

345.8 Sensitive Leak Test

345.8.1 Precautions. The precautions degcribed in
para. 345.5.1 shall be considered when applicable.

345.8.2 Method. The test shall be the Bubble Test —
Direct Pressure Technique in accordance wjith ASME
BPVC, Section V, Article 10, Mandatory Appéndix I or
another leak test method that has a demonstrdted sensi-
tivity not less than 10~3 std mL/s under test donditions.

When the Bubble Test — Direct Pressure Tefhnique is
used

(a) the test pressure shall be at least the lesger of 105
kPa (15 psi) or 25% of the design pressure.

(b) the pressure shall be gradually increased until a
gage pressure equal to the lesser of one-half the test pres-

(b) thepressurethatwould exceed 90% of the pressure
described in para. 345.2.1(a)

345.5.5 Procedure. The pressure shall be gradually
increased until a gage pressure that is the lesser of
one-half the test pressure or 170 kPa (25 psi) is attained,
at which time a preliminary check shall be made, including
examination of joints in accordance with para. 341.4.1(a).

3 The provisions of para. 345.4.3 do not affect the pressure test require-
ments of any applicable vessel code.
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sure or 170 kPa (25 psi) is attained, at which time a pre-
liminary check shall be made. Then the pressure shall be
gradually increased in steps until the test pressure is
reached, the pressure being held long enough at each
step to equalize piping strains.

345.9 Alternative Leak Test

The following procedures and leak test method may be
used only under the conditions stated in para. 345.1(c).
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345.9.1 Examination of Welds. Welds, including those
used in the manufacture of welded pipe and fittings, that
have not been subjected to hydrostatic or pneumatic leak
tests in accordance with this Code, shall be examined as
follows:

(a) Circumferential, longitudinal, and spiral (helical
seam) groove welds shall be 100% radiographed in accor-
dance with para. 344.5 or 100% ultrasonically examined
in accordance with para. 344.6.

345.9.3 Test Method. The system shall be subjected to
a sensitive leak test in accordance with para. 345.8.

346 RECORDS
346.2 Responsibility

It is the responsibility of the piping designer, the manu-
facturer, the fabricator, and the erector, as applicable, to
prepare the records required by this Code and by the engi-

(b) All welds; including structural attachment-welds;
not coverjed in (a) above, shall be examined using the
liquid perjetrant method (para. 344.4) or, for magnetic
materials, the magnetic particle method (para. 344.3).

345.9.7 Flexibility Analysis. A flexibility analysis of
the piping system shall have been made in accordance
with the fequirements of para. 319.4.2(b), if applicable,
or paras. f19.4.2(c) and 319.4.2(d).

neering design.

346.3 Retention of Records

Unless otherwise specified by the engifleering design,
the following records shall be retainedfor atleast 5 yT after
the record is generated for the project:

(a) examination procedures

(b) examination personnel.qualifications

(c) examination reports

94


https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

Chapter VII
Nonmetallic Piping and Piping Lined With Nonmetals

A300

(a)
pipin

GENERAL STATEMENTS

Chapter VII pertains to nonmetallic piping and to
b lined with nonmetals.

(b)| The organization, content, and paragraph designa-
tions [of this Chapter correspond to those of the first six
Chapters (the base Code). The prefix A is used.

(c)| Provisions and requirements of the base Code apply
only @s stated in this Chapter.

(d)| Metallic piping that provides the pressure contain-
ment{for a nonmetallic lining shall conform to the require-
ments of Chapters I through VI, and to those in Chapter VII
not limited to nonmetals.

(e)| This Chapter makes no provision for piping to be
used under severe cyclic conditions.

(f) |With the exceptions stated above, Chapter I applies
in its|entirety.

PART 1
CONDITIONS AND CRITERIA

A301 DESIGN CONDITIONS

Parfagraph 301 applies in its entirety, with the exception
of paras. 301.2 and 301.3. See below:

A301.2 Design Pressure

Paj
referg
to pa

agraph 301.2 applies-in-its entirety, except that
nces to paras. A30224'and A304 replace references
Fas. 302.2.4 and 304, respectively.
A301.3 Design.Temperature

Par

A3|013.1 Design Minimum Temperature.
Paragraph 301.3.1 applies; but see para. A323.2.2,

agraph,301.3 applies with the following exceptions.

A302 DESIGN CRITERIA

Paragraph A302 states pressure-temperatu
stress criteria, design allowances, and minim
values, together with permissible variation
factors as applied to the design ‘of piping.

A302.1 General

The designer shall be-sgtisfied as to the adequacy of the
nonmetallic materjial\and its manufacture, congidering at
least the following;

(a) tensile,{compressive, flexural, and sheai
and moduliis of elasticity, at design tempera
term and Short term)

(b).Creep rate at design conditions

(e) design stress and its basis

(d) ductility and plasticity

(e) impact and thermal shock properties

(f) temperature limits

(g) transitiontemperature — meltingand va

(h) porosity and permeability

(i) testing methods

(j) methods of making joints and their effidiency

(k) possibility of deterioration in service

e ratings,
im design
of these

strength,
ure (long

porization

A302.2 Pressure-Temperature Design Crjiteria

A302.2.1 Listed Components Having Established
Ratings. Paragraph 302.2.1 applies, except thatireference
to Table A326.1 replaces reference to Table 326.1.

A302.2.2 Listed Components Not Having Specific
Ratings. Nonmetallic piping components for which
design stresses have been developed in adcordance
with para. A302.3, but which do not have speific pres-
sure-temperature ratings, shall be rated by rules for pres-
sure design in para. A304, within the [range of
hown in

temperatures for which stresses are

rather than para. 323.2.2.

A301.3.2 Uninsulated Components. The component
design temperature shall be the fluid temperature,
unless a higher temperature will result from solar radia-
tion or other external heat sources.
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Appendix B, modified as applicable by other rules of
this Code.

Piping components that do not have allowable stresses
or pressure-temperature ratings shall be qualified for
pressure design as required by para. A304.7.2.

A302.2.3 Unlisted Components. Paragraph 302.2.3
applies, except that references to Table A326.1 and
paras. A304 and A323 replace references to Table
326.1 and paras. 304 and 323, respectively.
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A302.2.4 Allowances for Pressure and Temperature
Variations

(a) Nonmetallic Piping. Allowances for variations of
pressure or 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 for a piping system. See paras. 301.2
and 301.3.

(b) Metallic Piping With Nonmetallic Lining. Allow-

A302.3.2 Bases for Allowable Stresses and Pres-
sures!

(a) Thermoplastics. The method of determining HDS is
described in ASTM D2837. HDS values are given in
Table B-1 for those materials and temperatures for
which sufficient data have been compiled to substantiate
the determination of stress.

(b) Reinforced Thermosetting Resin (Laminated). The
design stress (DS) values for materials listed in

ances for [pressure and temperature variations provided
in para. 302.2.4 are permitted only if the suitability of the
lining material for the increased conditions is established
through ptior successful service experience or tests under
comparablle conditions.

A302.2|5 Rating at Junction of Different Services.
When tw¢ services that operate at different pressure-
temperatyre conditions are connected, the valve segre-
gating the two services shall be rated for the more

severe sefvice condition.

A302.3 Allowable Stresses and Other Design
Limits
A302.3

(a) Table B-1 contains hydrostatic design stresses
(HDS). Tables B-2 and B-3 provide listings of specifications
that medt the criteria of paras. A302.3.2(b) and
A302.3.2(c), respectively. Tables B-4 and B-5 contain
allowabl¢ pressures. These HDS values, allowable
stress criteria, and pressures shall be used in accordance
with the Notes to Appendix B, and may be used in.design
calculatijns (where the allowable stress S méans the
appropridte design stress) except as modified by other
provisions of this Code. Use of hydrostatic design stresses
for calculations other than pressure desigh has not been
verified. The bases for determining allowable stresses and
pressures|are outlined in para. A302.3.2.

(b) Thg stresses and allowable_pressures are grouped
by materigls and listed for stated temperatures. Straight-
line interpolation between.temperatures is permissible.

1 General

Table B-2 shall be one-tenth of the minimum-t¢nsile
strengths specified in ASTM C582 and are valid oply in
the temperature range from -29°C (-209E) through
82°C (180°F).

(c) Reinforced Thermosetting Resin and Reinfprced
Plastic Mortar (Filament Wound gnd Centrifugally |Cast).
The hydrostatic design basis stress (HDBS) valugs for
materials listed in Table B-3\shall be obtained hy the
procedures in ASTM D2992-and are valid only aff 23°C
(73°F). HDS shall be obtained by multiplying the HDBS
by a service (design) factor” selected for the applidation,
in accordance with{procedures described in ASTM D992,
within the following limits:

(1) Whensing the cyclic HDBS, the service (d
factor F shall not exceed 1.0.

(2)-When using the static HDBS, the service (d
factorFshall not exceed 0.5.

(d)” Other Materials. Allowable pressures in Tabl¢s B-4
and B-5 have been determined conservatively|from
physical properties of materials conforming to the
listed specifications, and have been confirmed by ¢xten-
sive experience. Use of other materials shall be qualified as
required by para. A304.7.2.

psign)

psign)

! Titles of ASTM Specifications and AWWA Standards refefenced
herein are as follows:

ASTM C14, Concrete Sewer, Storm Drain, and Culvert Pipe

ASTM C301, Method of Testing Vitrified Clay Pipe

ASTM (582, Contact-Molded Reinforced Thermosetting Plasti
Laminates for Corrosion Resistant Equipment

ASTM D2321, Practice for Underground Installation of Therm
Pipe for Sewers and Other Gravity-Flow Applications

ASTM D2837, Test Method for Obtaining Hydrostatic Design Bhsis for
Thermoplastic Pipe Materials or Pressure Design Basis for Thermo-

(RTP)

plastic

96

plastic Pipe Products

ASTM D2992, Practice for Obtaining Hydrostatic or Pressure Design
Basis for “Fiberglass” (Glass-Fiber-RTR) Pipe and Fittings

ASTM D3839, Underground Installation of Fiberglass Pipe

AWWA €900, Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated
Fittings, 4 In. Through 60 In. (100 mm Through 1,500 mm)

AWWA (€950, Glass-Fiber-Reinforced Thermosetting Resin Pressure
Pipe

2 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. A302.3.2(c)(1) and A302.3.2(c)(2), it is not the intent of this
Code to specify service (design) factors.
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A302.3.3 Limits of Calculated Stresses Due to
Sustained Loads

(a) Internal Pressure Stresses. Limits of stress due to
internal pressure are covered in para. A304.

(b) External Pressure Stresses. Stresses due to uniform
external pressure shall be considered safe when the wall
thickness of the component and its means of stiffening
have been qualified as required by para. A304.7.2.

(c) External Loading Stresses. Design of piping under

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

A303 GENERAL

Paragraph 303 applies, except that references to Table
A326.1 and para. A302.2.1 replace references to Table
326.1 and para. 302.2.1. For nonmetallic components,
reference to para. A304 replaces reference to para. 304.

external loading shall be based on the following:

7) Thermoplastic Piping. ASTM D2321 or AWWA
€900
) Reinforced Thermosetting Resin (RTR) and Rein-
1 Plastic Mortar (RPM) Piping. ASTM D3839 or
hdix A of AWWA C950.

3) Strain and possible buckling shall be considered

force
Appe

A304 PRESSURE DESIGN OF PIPING
COMPONENTS

A304.1 Straight Pipe
A304.1.1 General

(a) The required thickness of straight sectigns of pipe

when| determining the maximum allowable deflection in shall be determined by .eq:(25).
(1) o1 (2) above, but in no case shall the allowable diame- =t + ¢ (25)
tral deflection exceed 5% of the pipe inside diameter.

4) Nonmetallic piping not covered in (1) or (2) The minimum*thickness T for the pipe|selected,
above shall be subjected to a crushing or three-edge considering fmanufacturer’s minus tolerancd, shall be
bearing test in accordance with ASTM C14 or C301; not less than ¢,
the allowable load shall be 25% of the minimum value (b) The‘following nomenclature is used in |the equa-
obtaifed. tions, foy"pressure design of straight pipe:

A302.3.4 Limits of Calculated Stresses Due to Occa- %, = the sum of mechanical a.llowances (.thread or

. groove depth) plus corrosion and erosjion allow-
sional Loads .

ance. For threaded components, th¢ nominal

(a)| Operation thread depth (dimension h of ASME B1.20.1 or

7) For other than RTR and RPM piping, the sumof equivalent) shall apply. For machined surfaces
stresses in any component in a piping system due to or grooves where the tolerance is not|{specified,
sustajlined loads, such as pressure and weight;and of the tolerance shall be assumed to be 0.5 mm (0.02
the stresses produced by occasional loads; such as in.) in addition to the specified depth pf the cut.
wind jor earthquake, shall not exceed the linits in the ap- D = outside diameter of pipe
plicaljle part of para. A302.3.3. F = service (design) factor. See para. A302.3.2(c).

?) For RTR and RPM piping, thie sum of stresses due P = internal design gage pressure
to opprating loads plus stresses due to occasional loads S = design stress from applicable Table in Appendix B
may e as much as 1.33 times(the‘limits in the applicable T = pipe wall thickness (measured or mipimum in
part ¢f para. A302.3.3. accordance with the purchase specifidation)

3) Wind and earthgquake forces need not be consid- t = pressure design thickness, as calculated in accor-
ered ps acting concurrently. dance with para. A304.1.2 for internal pfessure or

(b)| Test. Stressés'due to test conditions are not subject as determined in accordance with pard A304.1.3
to thg limitations-in para. A302.3.3. It is not necessary to for external pressure
consifler other{occasional loads, such as wind and earth- t,, = minimum required thickness, including mechan-
quake, as-occurring concurrently with test loads. ical, corrosion, and erosion allowancep
A302.4-Allewances

Paragraph 302.4 applies in its entirety.
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A304.1.2 Straight Nonmetallic Pipe Under Internal
Pressure. The internal pressure design thickness, ¢,
shall be not less than that calculated by one of the
following equations, using stress values listed in or
derived from the appropriate table in Appendix B:
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(a) Thermoplastic Pipe [see para. A302.3.2(a)]
_PD
28 +

(Table B-1) (26a)

P
(b) RTR (Laminated) Pipe [see para. A302.3.2(b)]?
PD
28 +

(26b)

Table B-2
b ( )

A304.3.3 Additional Design Considerations. The re-
quirements of paras. A304.3.1 and A304.3.2 are intended
to assure satisfactory performance of a branch connection
subjected only to internal or external pressure. The
designer shall also consider paras. 304.3.5(a), (c), and (d).

A304.4 Closures

Closures not in accordance with para. A303 shall be
qualified as required by para. A304.7.2.

(¢) RTRtFitamemntWoundjamd RPM(Cemtrifugatly €ast)
Pipe [see para. A302.3.2(c)]? A304.5 Pressure Design of Nonmetallic Flarlges
__PD (Table B-3) (26¢) A304.5.1 General
2SF + P

A304.1.3 Straight Pipe Under External Pressure

(a) Ndnmetallic Pipe. The external pressure design
thickneds, t, shall be qualified as required by
para. A30@.7.2.

(b) Mdtallic Pipe Lined With Nonmetals

(1) The external pressure design thickness, t, for the
base (out¢r) material shall be determined in accordance
with paraf 304.1.3.

(2) The external pressure design thickness, ¢, for the
lining mpterial shall be qualified as required by
para. A30@.7.2.

A304.2 Curved and Mitered Segments of Pipe

A304.2
ness, t,,,
as for strd

A304.2]2 Elbows. Manufactured elbows not n accor-
dance with para. A303 shall be qualified as required by
para. A30¢.7.2.

A304.2
required

1 Pipe Bends. The minimum required thick-
f a bend, after bending, shall be determined
ight pipe in accordance with para. A304.1¢

3 Miter Bends. Miter bendsshall be qualified as
by para. A304.7.2.

A304.3 Branch Connections

A304.3
weakened
unless th
excess of
essary to
reinforc

1 General. A pipehaving abranch connectionis
by the opening that must be made in it and,
b wall thickness of the pipe is sufficiently in
that requiited to sustain the pressure, it is nec-
provide added reinforcement. The amount of
bment shall be qualified as required by

para. A304. 22 exceptas provided inpara- 430432 A304.71 listed Components Other pre

A304.3.2 Branch Connections Using Fittings. It may
be assumed without calculation that a branch connection
has adequate strength to sustain the internal and external
pressure thatwill be applied to itifit utilizes a fitting (a tee,
lateral, or cross) in accordance with para. A303.

3 The internal design pressure thickness, t, shall not include any thick-
ness of the pipe wall reinforced with less than 20% by weight of reinfor-
cing fibers.
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(a) Flanges notin accordance with para©A303 or(b) or
(d) shall be qualified as required bypara. A304.7.p.

(b) Flanges for use with flat\ting gaskets mpay be
designed in accordance with¢(ASME BPVC, Section VIII,
Division 1, Appendix 2, except:that the allowable stfesses
and temperature limits ofthis Code shall govern. Namen-
clature shall be as defined in ASME BPVC, except for the
following:

P = design gage pressure

S, = bolt design stress at atmospheric temperafure*
S, = bolt\design stress at design temperature*
Sy = allowable stress for flange material [from

Table B-1, B-2, or B-3

{¢) Therulesin (b) above are notapplicable toa fl
joint having a gasket that extends outside the
(usually to the outside diameter of the flange).

(d) For flanges that make solid contact outsid
bolts, ASME BPVC, Section VIII, Division 1, Apper]
should be used.

A304.5.2 Blind Flanges. Blind flanges not in 3
dance with para. A303 may be designed in accor
with para. 304.5.2, except that allowable stress, S,
be taken from Tables in Appendix B. Otherwise
shall be qualified as required by para. A304.7.2.

hinged
bolts

e the
dix Y

ccor-
Hance
shall
they

A304.6 Reducers

Reducers not in accordance with para. A303 shpll be
qualified as required by para. A304.7.2.

A304.7 Pressure Design of Other Components

sure
containing components, manufactured in accordance
with standards in Table A326.1 but not covered elsewhere
in para. A304, may be utilized in accordance with para.
A303.

A304.7.2 Unlisted Components. Pressure design of
unlisted components and joints, to which the rules else-
where in para. A304 do not apply, shall be based on calcu-
lations consistent with the design criteria of this Code.

* Bolt design stresses shall not exceed those in Table A-2 or Table A-2M.


https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

Calculations shall be substantiated by one or both of the
means stated in (a) and (b) below, considering applicable
ambient and dynamic effects in paras. 301.4 through
301.11.

(a) extensive, successful service experience under
comparable design conditions with similarly propor-
tioned components made of the same or like material

(b) performance test under design conditions
including applicable dynamic and creep effects, continued

(a) or (b) above, the designer may interpolate
ben sizes, wall thicknesses, and pressure classes,
and may determine analogies among related materials.

A304.7.3 Nonmetallic Components With Metallic
Pressure Parts. Components not covered by standards
in Taple A326.1, in which both nonmetallic and metallic
parts|contain the pressure, shall be evaluated by applica-
ble rgquirements of para. 304.7.2 as well as those of para.
A304|7.2.

PART 3
FLUID SERVICE REQUIREMENTS FOR PIPING
COMPONENTS

A305 PIPE
Lis
to thd

para.
dancd

ed pipe may be used in Normal Fluid Service, subject
limitations of the pressure-containing materialand
A323.4. Unlisted pipe may be used only in accor-
with para. A302.2.3.

A30€ FITTINGS, BENDS, MITERS, LAPS, AND
BRANCH CONNECTIONS

General. Fittings, bends, miters, laps, and branch
connlections may be used)in accordance with
paras} A306.1 through A306.5. Pipe and other materials
used |n such components shall be suitable for the manu-
facturing process and)the fluid service.

A306€

A306.1.1 Listed Fittings. Listed fittings may be used in
Normal Fluid Service subject to limitations on materials.

A3
used only in accordance with para. A302.2.3.

.1 Pipe Fittings

A306.2 Pipe Bends

A306.2.1 General. A bend made in accordance with
para. A332 and verified for pressure design in accordance
with para. A304.2.1 shall be suitable for the same service
as the pipe from which it is made.
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A306.2.2 Corrugated and Other Bends. Bends of other
designs (such as creased or corrugated) shall be qualified
for pressure design as required by para. A304.7.2.

A306.3 Miter Bends

Except as specified in para. 306.3.2, a miter bend that
conforms to para. A304.2.3 may be used in Normal Fluid
Service.

The following requirements do not apply to fittings

conforming to para. A306.1.
A306.4.1 Fabricated Laps

(a) The requirements in paras-306.4.1(a) anid (b) shall
be met.
(b) Lap material shall.bestitable for the service condi-
tions. Pressure design-shall be qualified as refquired by
para. A304.7.2.

A306.4.2 Flared Laps. Flared laps shall not
nonmetallic/piping.

be used in

A306.5 Fabricated Branch Connections

The following requirements do not apply
conforming to para. A306.1.

A306.5.1 General. A fabricated branch c¢nnection
made by bonding the branch pipe directly to the
header pipe, with or without added reinfor¢gement as
stated in para. 328.5.4, and shown in Figur¢ 328.5.4,
may be used in Normal Fluid Service, provided|that pres-
sure design is qualified as required by para. 4304.7.2.

bd branch
h. A328.5.

to fittings

A306.5.2 Specific Requirements. Fabricat
connections shall be made as specified in par

A307 VALVES AND SPECIALTY COMPONENTS

Paragraph 307 applies in its entirety, except that in
para. 307.1.2 references to paras. A303.2.3 and
A304.7.2 replace references to paras. 30£.2.3 and
304.7.2, respectively.

A308 FLANGES, BLANKS, FLANGE FACIN
GASKETS

.1 General

GS, AND

Paragraph 308.1 applies, except that in para. 308.1.2
reference to para. A302.2.3 replaces reference to para.
302.2.3.
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A308.2 Nonmetallic Flanges
A308.2.1 General

(a) Flanges shall be adequate, with suitable facing,
gasketing, and bolting, to develop the full rating of the
joint and to withstand expected external loadings.

(b) The designer should consult the manufacturer for
ratings of flanges.

A308.2.2 Threaded Flanges. Threaded flanges are

A311 BONDED JOINTS IN PLASTICS
A311.1 General

Bonding shall be in accordance with para. A328 and
examination shall be in accordance with para. A341.4.1
for use in Normal Fluid Service, subject to the limitations
of the material.

A311.2 Specific Requirements

subject tp the requirements for threaded joints in
para. A31H.

A308.3 |

Paragrg

Flange Facings
ph 308.3 applies in its entirety.
A308.4 |

See als

Limitations on Gaskets
Appendix F, para. F308.4.

A308.4.1 Lining Used as Facing or Gasket. Lining
material gxtended over the flange face and used as a
gasket shall conform to para. 308.4.

A309 B(

Bolting
nuts, and

A309.1 (

Paragrg

LTING

includes bolts, bolt studs, studs, cap screws,
washers. See Appendix F, para. F309.

beneral

ph 309.1 applies in its entirety.
A309.2 §

Any bolting that meets the requirements of para~309.1
may be uspd with any combination of flange materials and
flange facings. Joint assembly shall conform:tq the require-
ments of para. A335.2.

ppecific Bolting

A309.3 T

Tapped
componel]
qualified

[apped Holes in Nonmetallic Components

holes for pressure<rétaining bolting in piping
its may be usedsprovided pressure design is
hs required by para. A304.7.2.

PART 4
SERVICE REQUIREMENTS FOR PIPING
JOINTS

FLUID

A311.2.1 Fillet Bonds. A fillet bond may be used.o
conjunction with a qualified hot gas welding prdcedy
bonding (see para. A328.5.2).

A311.2.2 Seal Bonds. A seal bond may be used o
prevent leakage of a threaded joint and only if it hag
demonstrated that there will be rie deleterious effg
the materials bonded.

A311.2.3 Joints Limited’to"Category D Fluid Se|
Joints that have been examined in accordance
para. 341.4.2 may beyused only for Category D
Service.

nly in
re for

nly to
been
bct on

rvice.
with
Fluid

A312 FLANGED JOINTS

The designer should consult the manufactur¢r for
ratings<éf flanged joints in nonmetallic piping and in
piping lined with nonmetals.

A313 EXPANDED JOINTS
Paragraph 313 applies in its entirety.

A314 THREADED JOINTS
A314.1 General

A threaded joint is suitable for use in Normal
Service, subject to the limitations of the material and re-
quirements elsewhere in para. A314. A joint conforn']ing to
para. 314.1(d) shall not be used.

Fluid

A314.2 Specific Requirements
A314.2.1 Thermoplastic Piping

(a) Polyethylene (PE) pipe and tubing shall not be
joined by threaded joints.

(b) Threaded joints in other thermoplastic piping shall

A310 GENERAL
Paragraph 310 applies in its entirety.
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conform to all of the following:

(1) The pipe wall shall be atleast as thick as Schedule
80 as defined in ASTM D1785.

(2) Threads shall be NPT, and shall conform to ASME
B1.20.1 or ASTM F1498.

(3) Threads shall conform to applicable standards in
Table A326.1.

(4) A suitable thread sealant shall be used.
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A314.2.2 Reinforced Thermosetting Resin Piping.
Threaded joints in reinforced thermosetting resin
(RTR) piping shall conform to the following:

(a) External threads shall be factory cut or molded on
special thick-walled pipe ends.

(b) Matching internal threads shall be factory cut or
molded in the fittings.

(c) Threading of plain ends of RTR pipe is not
permitted, except where such threads are limited to
the fi i i g
threads factory cut or molded in the bottom portions
of fittings with deep sockets.

(d)| Factory cut or molded threaded nipples, couplings,
or adppters, bonded to plain-end RTR pipe and fittings,
may be used where it is necessary to provide connections
to thgeaded metallic piping.

A314.2.3 Reinforced Plastic Mortar Piping. Threaded
jointg are not permitted in reinforced plastic mortar
(RPM) piping.

A315( TUBING JOINTS

Paragraph 315 appliesin its entirety, subject to material
limitdtions, exclusion of 315.2(b) regarding severe cyclic
conditions, and replacement of references to Table 326.1
and para. 304.7.2 with references to Table A326.1 and
para.|A304.7.2, respectively.

A316
Par

CAULKED JOINTS
agraph 316 applies in its entirety.

A318
Spd

Chapt

type

A318

Par
para.
ence

SPECIAL JOINTS

cial joints are those not covered elsewhere in
er VII, Part 4, such as bell typeand packed gland
oints.

.1 General

agraph 318.1 appliés in its entirety, except that, in
318.1.2, referenceito para. A304.7.2 replaces refer-
fo para. 304,72

A318

Parfagraph318.2 applies with the exception of para.
318.2.3}

.2 Specific Requirements

A318.3.2 Flared Linings

(a) General Flared ends of linings made in accordance
with the rules in para. A329.2 may be used in Normal Fluid
Service, subject to material limitations.

(b) Specific Requirements. Flaring shall be limited to
applications that do not affect the serviceability of the
lining.

A318.4 Flexible Elastomeric Sealed Joints

Flexible elastomeric seals conforming to_the
may be used in Normal Fluid Service, subject t
limitations:

(a) Seals for joints in thermoplastic pig
conform to ASTM D3139.

(b) Seals for joints in RTRyand RPM piy
conform to ASTM D4161.

following
b material

ing shall

ing shall

PART 5
FLEXIBILITY AND SUPPORT

A319 FLEXIBILITY OF NONMETALLIC PI
A319.1 Requirements

PING

hs shall be
ntraction,
supports

A319.1.1 Basic Requirements. Piping systen
designed to prevent thermal expansion or co
pressure expansion, or movement of piping
and terminals from causing

(a) failure of piping or supports from ove
fatigue

(b) leakage at joints

(c) detrimental stresses or distortion in pi
connected equipment (e.g., pumps), resulting fi
sive thrusts and moments in the piping

Fstrain or

ping or in
om exces-

A319.1.2 Specific Requirements
data are
flexibility
Criteria or

(a) In para. A319, guidance, concepts, and
given to assist the designer in assuring adequate
in piping systems. No specific stress-limiting
methods of stress analysis are presented, sinfe stress-
strain behavior of most nonmetals differs conpsiderably
from that of metals covered by para. 319 apd is less
well defined for mathematical analysis.

(b) Piping systems should be designed and laid out so
that flexural stresses resulting from displacempnt due to

A318.3 Piping Lined With Nonmetals
A318.3.1 Welding of Metallic Piping

(a) General. Joints made in accordance with the rules in
para. A329.1 may be used in Normal Fluid Service, subject
to material limitations.

(b) Specific Requirements. Welds shall be limited to
those that do not affect the serviceability of the lining.
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expansion, contraction, and other movement are mini-
mized. This conceptrequires special attention to supports,
terminals, and other restraints, as well as to the techniques
outlined in para. A319.7. See also para. A319.2.2(b).

(c) Further information on design of thermoplastic
piping can be found in PPI Technical Report TR-21.
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A319.2 Concepts

A319.2.1 Displacement Strains. The concepts of strain
imposed by restraint of thermal expansion or contraction,
and by external movement, described in para. 319.2.1,
apply in principle to nonmetals. Nevertheless, the assump-
tion that stresses throughout the piping systems can be
predicted from these strains because of fully elastic beha-
vior of the piping materials is not always valid.

(a) In thermoplastics piping, displacement strains are

There is also less deviation from as-installed dimensions
during initial operation, so that hangers will not be
displaced as far from their original settings. No credit
for cold spring is permitted in stress range calculations,
or in calculating thrusts and moments.

A319.3 Properties for Flexibility Analysis

A319.3.1 Thermal Expansion Data. Appendix C lists
coefficients of thermal expansion for several nonmetals.

not likely [to produce immediate failure but may result in
detrimental distortion. Progressive deformation may
occur up¢n repeated thermal cycling or on prolonged
exposure [to elevated temperature.

(b) InHrittle piping (e.g., porcelain and glass) and some
RTR and RPM piping, the materials show rigid behavior
and develpp high displacement stresses up to the point of
sudden breakage due to overstrain.

(c) RTR and RPM piping are assumed to display linear
elastic behavior, having displacement stresses propor-
tional to dlisplacement strains.

A319.2]

(a) El
ment stra
ciently wi
always va
designed
stresses

2 Displacement Stresses

istic Behavior. The assumption that displace-
ns will produce proportional stress over a suffi-
e range to justify an elastic stress analysis is not
id for nonmetals. RTR and RPM piping shall be
or linear elastic behavior, having displacement
roportional to displacement strains. In brittle
piping, sfrains initially will produce relatively large
elastic stijesses. The total displacement strain must be
kept small, however, since overstrain results in.failure
rather than plastic deformation. In thermoplastic

More precise values in some instances may be obtfajnable
from manufacturers of components. If these values pre to
be used in stress analysis, the thermal displacements shall
be determined as stated in para. 319.3.L

A319.3.2 Modulus of Elasticity. Appendix (
representative data on the tensile_modulus of elas
E, for several nonmetals as obtained under typical
ratory rate of strain (loading)\conditions. More p
values of the short-term and’working estimates of
tive moduli of elasticityfot given conditions of loadir
temperature may be ©btainable from the manufac
For materials and temperatures not listed, refer to
ASTM or PPI documents, or to manufacturer’s datp.

(a) Because of their viscoelasticity, the effective moduli
of thermigplastics under actual conditions of usg¢ will
depend’on both the specific course of the strain (or
load) with time and the specific characteristics of thg ther-
moplastic.

(b) The modulus may also vary with the orientat
the specimen. Because the reinforcement plays a s
cantrole in developing the physical properties for RT]
RPM piping, the modulus may vary with the typ
orientation of the reinforcement.

lists
ticity,
labo-
Frecise
effec-
gand
turer.

ion of
gnifi-
R and
e and

piping, strjains generally will produce stresses of the over- . , . ) , . . .
strained (|plastic) type, even at relatively.low values of d A31%'.3'3 Poisson’s Ra.tl?' Po(;sson s ratio varu;s v11d;ly
total displpcement strain. If a method of flexibility analysis epending upon material an temperature. 1 that
thatassunpes elastic behavior is selected for thermoplastic reasoln, 51mp11f1e(k1) for?.léle;s used in sttiessi: anegﬁ;s fo;
piping, the designer shall demonstrate its validity for the gl:;/la Si nilr?y II;ELSSHY: rlatioozlz:lr(i):smvjit;lst.heo(r)'rien a‘?izn
piping system under consideration.and shall establish safe of theprzin%)rcement

limits for [computed stresses: ’

(b) Overstrained Behavior. Stresses cannot be consid- A319.3.4 Dimensions. Nominal thicknesse$ and
ered propgortional to displacement strains throughout a outside diameters of pipe and fittings shall be used in flex-
piping system in whieh an excessive amount of strain ibility calculations.
may occur in localized portions of the piping [an unbal-
anced systeny;see para. 319.2.2(b)] or in which elastic A319.4 Analysis
behavior of thepiping material cannot be assumed. Over- A319.4.1 Formal Analysis Not Required. No fprmal
strain shaltbeTmimimized by SystenT Iayout and excessive

displacements shall be minimized by special joints or
expansion devices (see para. A319.7).

A319.2.3 Cold Spring. Cold spring is the intentional
deformation of piping during assembly to produce a
desired initial displacement or reaction. Cold spring
may be beneficial in serving to balance the magnitude
of the reaction under initial and extreme displacement
conditions. When cold spring is properly applied, there
is less likelihood of overstrain during initial operation.
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analysis is required for a piping system that

(a) duplicates, or replaces without significant change, a
system operating with a successful service record

(b) canreadily be judged adequate by comparison with
previously analyzed systems, or

(c) is laid out with a conservative margin of inherent
flexibility, or employs joining methods or expansion joint
devices, or a combination of these methods, in accordance
with manufacturers’ instructions
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A319.4.2 Formal Analysis Requirements. For a piping
system that does not meet the above criteria, the designer
shall demonstrate adequate flexibility by simplified,
approximate, or comprehensive stress analysis, using a
method that can be shown to be valid for the specific
case. If substantially elastic behavior can be demonstrated
for the piping system [see para. A319.2.2(a)], methods
outlined in para. 319.4 may be applicable.

A319.5 Reactions

(b) Valves and equipment that would transmit exces-
sive loads to the piping shall be independently supported
to prevent such loads.

(c) Consideration shall be given to mechanical
guarding in traffic areas.

(d) Manufacturers’ recommendations for support shall
be considered.

A321.5.2 Supports for Thermoplastic, RTR, and RPM
Piping.

Parjagraph 319.5 may be applicable if a formal stress
analypis can be shown to be valid for the specific case.

A319.6 Movements

Spdcial attention shall be given to movement (displace-
ment|or rotation) of piping with respect to supports and
points of close clearance. Movements of the run pipe at the
junction of a small branch connection shall be considered
in determining the need for flexibility in the branch pipe.

A319.7 Means of Increasing Flexibility

Pipling layout often provides adequate inherent flex-
ibility through changes in direction, wherein displace-
mentp produce chiefly bending and torsional strains of
low magnitude. The amount of tension or compression
strainy (which can produce larger reactions) usually is
small

Where piping lacks inherent flexibility or is unbalanced;
additional flexibility shall be provided by one or mare of
the fgllowing means: bends, loops, or offsets; swivel or
flexible joints; corrugated, bellows, or slip-joint éxpansion
joints; or other devices permitting angularf{rotational, or
axial movement. Suitable anchors, ties, or.other devices
shall|be provided as necessary tolresist end forces
produced by fluid pressure, frictional.resistance to move-
ment| and other causes.

A32]f PIPING SUPPORT
Parfagraph 321 applies in its entirety.

A3215 Supports-for Nonmetallic Piping

A321.5.1 Genéral. In addition to other applicable re-
quirements. of para. 321, supports, guides, and anchors
shall be'selécted and applied to comply with the principles
and requirements of para. and the following:

(a) Piping shall be supported, guided, and anchored in
such a manner as to prevent damage to the piping. Point
loads and narrow areas of contact between piping and
supports shall be avoided. Suitable padding, compatible
with the piping material, shall be placed between piping
and supports where damage to piping may occur. Local
stresses at points of support, including clamping forces,
shall be considered.
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(a) Supports shall be spaced to avoid excesgive sag or
deformation at the design temperaturé anrd within the
design life of the piping system.

(b) Decreases in the modulus #of elasticity with
increasing temperature and ‘creép of matdrial with
time shall be considered when applicable.

(c) The thermal expansiofiof the piping systgdm shall be
considered in the designiand location of suppprts.

(d) Where axial restraint is required, positive stops,
such as shear collats, 'shall be provided as axial restraint.
Frictional forecesfrom clamping pressure shpll not be
considered™as an anchor mechanism unless the
support/anchor is specifically recommende(d for this
purpose.by the manufacturer.

A321.5.3 Supports for Brittle Piping. Britfle piping,
such as glass, shall be well supported but free of hindrance
to expansion or other movement. Not more|than one
anchor shall be provided in any straight run without
an expansion joint.

PART 6
SYSTEMS

A322 SPECIFIC PIPING SYSTEMS

A322.3 Instrument Piping

Paragraph 322.3 applies in its entirety, eycept that
references to paras. A301 and A302.2.4 replace feferences
to paras. 301 and 302.2.4, respectively.

A322.6 Pressure-Relieving Systems

Paragraph 322.6 applies in its entirety, except for para.
322.6.3. See para. A322.6.3.

-6- T ph 322.6.3
applies, except that maximum relieving pressure shall be
in accordance with para. A302.2.4.
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PART 7
MATERIALS
A323 GENERAL REQUIREMENTS

A323.1 Materials and Specifications

Paragraph 323.1 applies except for para. 323.1.4. See
para. A323.1.4.

A323.2.3 Temperature Limits, Unlisted Materials.
Paragraph 323.2.3 applies.

A323.2.4 Verification of Serviceability. When an
unlisted material is to be used, or when a listed material
istobe used above or below the limits in Appendix B, Table
A323.4.2C, or Table A323.4.3, the designer shall comply
with the requirements of para. 323.2.4.

A323.4 Fluid Service Requirements for

A323.1‘[l4—R-acl.a4'mod—Ma-tu-ia'.c. Reclaimed piping
components may be used, provided they are properly
identified|as conforming to a listed or published specifi-
cation (seg¢ para. 323.1.1) and otherwise meet the require-
ments of this Code. The user shall verify that components
are suitable for the intended service. Sufficient cleaning,
examination, and testing shall be performed to determine
the mininfjum available wall thickness and freedom from
any of the|following to an extent that would be unaccept-
able in the intended service:

(a) imperfections

(b) reduction of mechanical properties, or

(c) absprption of deleterious substances

A323.2 1

The deg
requiren
througho
the Notes

A323.2]

(a) Exd
shall not k
maximum
higher th{
Table A32
for therm

(b) Al
higher th
is no prohibition in AppendiX B or elsewhere in the

[emperature Limitations

igner shall verify that materials that meet other
ents of the Code are suitable for service
it the operating temperature range. Also see
for Tables B-1 through B-5 in Appendix B.

1 Upper Temperature Limits, Listed Materials

ept as provided in (b) below, a listed material
e used at a design temperature higher than'the
for which a stress value or rating is shown, or
n the maximum recommended temperature in
3.4.2C for RTR materials and in-Fable A323.4.3
pplastics used as linings.

sted material may be usedat a temperature
hn the maximum stated'in (a) above if there

Nonmetallic Materials
A323.4.1 General

(a) Nonmetallic materials shall be safeguarded against
excessive temperature, shock, vibration, pulsation, and
mechanical abuse in all fluid services)

(b) Requirements in para. A323.4 apply to pres
containing parts. They do notapply to materials
for supports, gaskets, or packing. See also Appen
para. FA323.4.

sure-
used
dix F,

A323.4.2 Specific Requirements

(a) Thermoplastics
(1) They shall not be used in flammable fluid s
above grouhd, unless all of the following are met:
(-a) The size of the piping does not exceed 1
(NPSD).
(-b) Owner’s approval is obtained.
(-c) Safeguarding in accordance with Apper
is provided.
(-d) The precautions of Appendix F, p
F323.1(a) through F323.1(c) are considered.
(2) They shall be safeguarded when used in
than Category D Fluid Service.
(3) PVCand CPVCshallnotbeused in compresg
or other compressed gas service.
(b) Reinforced Plastic Mortars (RPM) Piping
piping shall be safeguarded when used in other than|
gory D Fluid Service.

brvice

N 25

dix G

aras.

other

ed air

This
Cate-

d £ the desi fos th coabili ¢ (c) Reinforced Thermosetting Resins (RTR) Piping. This
le €, ang ll t € eshgner Ve.rlhles the szer\élzea tlity o piping shall be safeguarded when used in toxic or|flam-
the matenial in accordariee-with para. 323.2.4. mable fluid services. Table A323.4.2C gives the r¢com-

A323.2[2 LowerTemperature Limits, Listed Materials mended temperature limits for reinforced

thermosetting resins.

(a) Materials:for use at design minimum temperatures (d) Borosilicate Glass and Porcelain
below cerfain Timits must usually be tested to determine (1) They shall be safeguarded when used in toxic or
that they haue suitable fnnghnpcc for use in Code piping flammablefluid-serviees-

Table A323.2.2 sets forth those requirements.

(b) When materials are qualified for use at tempera-
tures below the minimum temperature listed in
Appendix B, the allowable stresses or pressures shall
not exceed the values for the lowest temperatures shown.

(c) Seealsotherecommendedlimitsin Table A323.4.2C
for reinforced thermosetting resin pipe and in Table
A323.4.3 for thermoplastics used as linings.
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(2) They shall be safeguarded against large, rapid
temperature changes in fluid services.

A323.4.3 Piping Lined With Nonmetals

(a) Metallic Piping Lined With Nonmetals. Fluid service
requirements for the base (outer) material in para. 323.4
govern except as stated in (d) below.
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Table A323.2.2 Requirements for Low Temperature Toughness Tests for Nonmetals

Column A
At or Above Listed Column B
Minimum Below Listed Minimum
Type of Material Temperature Temperature

Listed nonmetallic materials | No added requirement | The designer shall have test results at or below the lowest expected service temperature
which assure that the materials and bonds will have adequate toughness and are
suitable at the design minimum temperature.

Unlisted materials An unlisted material shall conform to a published specification. Where composition, properties, and product form
are comparable to those of a listed material, requirements for the corresponding listed material shall be met.
Other unlisted materials shall be qualified as required in Column B.

GENERAL NOTE: These requirements are in addition to the requirements of the material specification.

Tablg A323.4.2C Recommended Temperature Limits for PART 8
Reinforced Thermosetting Resin Pipe STANDARDS FOR PIPING COMPONENTS
Recommended Temperature Limits
Materials Minimum | Maximum A326 DIMENSIONS AND RATINGS OF
Refin Reinforcing °C °F °C °F COMPONENTS
Epoxy Glass fiber -29 -20 149 300 A326.1 Requirements
Phenolic Glass fiber -29 -20 149 300 L )
Furan Carbon _29 20 93 200 Paragraph 326 applies in its entl.rety except that refer-
Furan Glass fiber 29 20 93 200 ences to Table A326.1 and Appendlx B replace references
i to Tablev326.1 and Appendix A, respectively.
Polyester Glass fiber -29 -20 93 200
Vinyl gster _ Glass fiber  -29  -20 93 200 A326.4 Abbreviations in Table A326.1 and
GENERAL NOTE: These temperature limits apply only to materials Appendix B
listed find do not reflect evidence of successful use in specific fluid o . )
servicgs at these temperatures. The designer should consult the The abbreviations tabulated below are uspd in this
manufficturer for specific applications, particularly as the tempera- Chapter to replace lengthy phrases in the t¢xt, in the
ture lipnits are approached. titles of standards in Table A326.1, and in the Spgcification

Index for Appendix B. Those marked with an apterisk (*)

(b)] Nonmetallic Piping Lined With ‘Nonmetals. Fluid L.
servife requirements for the bas¢ (puter) material in  vable A323.4.3 Recommended Temperature Limits for

para.|A323.4.2 govern, except as(stated in (d) below. Thermoplastics Used as Linings
(c)| Nonmetallic Lining Matérials. The lining may be any Materials Minimum | Maxiimum
material that, in the judgment of the user, is suitable for the [Note (1)] oC oF oC oF

intenfled service and fornthe method of manufacture and

a ! ) ! ! PFA -198 -325 260 500

assembly of the piping.“Fluid service requlremgn‘Fs in PTFE _198 _325 260 500
para.[A323.4.2 do motrapply to materials used as linings.
(d)| Properties-of both the base and lining materials, and

of any bond between them, shall be considered in estab- FEP -138 -325 204 400

lishinjg temperature limitations. Table A323.4.3 gives rec- ECTFE -198 -325 171 340

ommlended temperature limits for thermoplastic ~ ETFE -198 =325 149 300

matel ;Q}D uocd aS l;llillsb.

PVDF -18 0 135 275

A323.5 Deterioration of Materials in Service PP -18 0 107 225

PVDC -18 0 79 175

Paragraph 323.5 applies in its entirety.

GENERAL NOTE: These temperature limits are based on material
A325 MATERIALS — MISCELLANEOUS tests and do not necessarily reflect evidence of successful use as
piping component linings in specific fluid services at these tempera-
tures. The designer should consult the manufacturer for specific appli-
cations, particularly as temperature limits are approached.

Paragraph 325 applies in its entirety.

NOTE: (1) See para. A326.4 for definitions of materials.
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are in accordance with ASTM D1600, Standard Termi-
nology for Abbreviated Terms Relating to Plastics.
Those items marked with a dagger (1) are in accordance
with ASTM F412, Standard Terminology Relating to
Plastic Piping Systems.

A328.1 Bonding Responsibility

Each employer is responsible for the bonding done by
personnel of his/her organization and, except as provided
in paras. A328.2.2 and A328.2.3, shall conduct the
required performance qualification tests to qualify
bonding procedure specifications (BPS) and bonders or
bonding operators.

A328.2 Bonding Qualifications

Abbreviation Term
ABS*t Acrylonitrile-butadiene-styrene plastics
BPS Bonding Procedure Specification
CPVC*t ——Chlorinated-poly{vinyl-ehloridel-plasties
DRt Dimension ratio
DS Design stress
E-CTFE* Ethylene-chlorotrifluoroethylene
ETFE* Ethylene-tetrafluoroethylene copolymer
FEP* Perfluoro (ethylene-propylene) copolymer
HDBS Hydrostatic Design Basis Stress
HDSt Hydrostatic Design Stress
PB*t Polybutylene-1
PE*t Polyethylene
PEX Cross-linked polyethylene
PFA* Perfluoro (alkoxyalkane)
PP*t Polypropylene
PQR Procedure Qualification Record
PRt Pressure rating
PTFE* Polytetrafluoroethylene
PVC*t Poly(vinyl chloride)
PVDC* Poly(vinylidene chloride)
PVDF* Poly(vinylidene fluoride)
RPM Reinforced plastic mortar
RTP Reinforced thermosetting plastic
RTR Reinforced thermosetting resin
SDRt Standard dimension ratios
SIDRT Standard inside diameter dimensien ratio
WPS Welding Procedure Specification
PART.9
FABRICATION, ASSEMBLY, AND ERECTION
A327 GENERAL
Piping matefials and components are prepared for

assembly and erection by one or more of the fabrication
processeslintparas A328 A329 A332 and A334 When

A328.2.1 Qualification Requirements

(a) Qualification of the BPS to be used,\and ¢f the
performance of bonders and bonding operators, is
required. To qualify a BPS, all tests and examinations
specified therein and in para. A328,2.5 shall be completed
successfully.
(b) In addition to the procediivé for making the i

the BPS shall specify at least\the following:

(1) all materials and stipplies (including storal
quirements)

(2) tools and/fixtures (including proper car
handling)

(3) envirehmental requirements (e.g., temper
humidity, and methods of measurement)

(4).joint preparation

(5)-dimensional requirements and tolerances

(6) cure time (see para. FA328.2.1)

(7) protection of work

(8) testsand examinations other than those req
by para. A328.2.5

(9) acceptance criteria for the completed
assembly

A328.2.2 Procedure Qualification by Others. Syibject
to the specificapproval of the Inspector, a BPS qualiffed by
others may be used provided that

(a) the Inspector satisfies him/herself thdt the
proposed qualified BPS has been prepared and executed
by aresponsible recognized organization with expertise in
the field of bonding

(b) by signature, the employer accepts both th
and procedure qualification record (PQR) as his/hef own

(c) the employer has at least one currently employed
bonder who, while in his/her employ, has satisfadtorily
passed a performance qualification test using the
proposed qualified BPS

onds,
be re-
b and

hture,

uired

test

e BPS

any of these processes is used in assembly and erection,
requirements are the same as for fabrication.

A328 BONDING OF PLASTICS

Paragraph A328 applies only to joints in thermoplastic,
RTR, and RPM piping. Bonding shall conform to paras.
A328.1 through A328.7 and the applicable requirements
of para. A311.
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A328.2.3 Performance Qualification by Others.
Without the Inspector’s specific approval, an employer
shall not accept a performance qualification test made
by a bonder or bonding operator for another employer.
Ifapprovalis given, itis limited to work on piping using the
same or equivalent BPS. An employer accepting such
performance qualification tests shall obtain a copy of
the performance qualification test record from the
previous employer, showing the name of the employer
by whom the bonder or bonding operator was qualified,

(20)
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Table A326.1 Component Standards

Standard or Specification Designation

Nonmetallic Fittings, Valves, and Flanges

Process Glass Pipe and Fittings ... ... ... . ASTM C599
Threaded PVC Plastic Pipe Fittings, Sch 80 . . ... ... . e ASTM D2464
PVC Plastic Pipe Fittings, Sch 40 . ... ... . e ASTM D2466
PVC Plastic Pipe Fittings, Sch 80 . ... ... ... e ASTM D2467
Socket:Type ARS Plastic Pipe Fittings Sch 40 STM D2468
Thermjoplastic Gas Pressure Pipe, Tubing, and Fittings ... ...... ... . i e ASTM D2513
Reinfofced Epoxy Resin Gas Pressure Pipe and Fittings .. ............ .. i ASTM D2517
Plastic| Insert Fittings for PE Plastic Pipe ........ ... .. . ASTM D2609
Socket}Type PE Fittings for Outside Diameter-Controlled PE Pipe and Tubing ......................... (). ASTM D2683
CPVC Plastic Hot- and Cold-Water Distribution Systems . ........ ... ... . i ASTM D28{#6/D2846M
Butt Heat Fusion PE Plastic Fittings for PE Plastic Pipe and Tubing .................. ... .. ~NY ....... ASTM D3261
Fiberglass RTR Pipe Fittings for Nonpressure Applications [Note (1)] .. ...................ST ot ASTM D3840
Machine Made “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin) Flanges . .......«N. ... ..ot ASTM D4024
Contaqt Molded Fiberglass RTR Flanges [Note (1)] ... s ASTM D5421
Fiberglass Pressure Pipe Fittings .. ... ... ... i e N e e ASTM D5685
Threaded CPVC Plastic Pipe Fittings, Sch 80 . ... ... . . e N e ASTM F437
SockettType CPVC Plastic Pipe Fittings, Sch 40 . ... .. .. . i e ettt ASTM F438
CPVC Plastic Pipe Fittings, Schedule 80 ... ... ... . . .. N e ASTM F439
Electrgfusion Type PE Fittings for Outside Diameter Controlled PE\Ripe and Tubing ....................... ASTM F1055
PlastictLined Ferrous Metal Pipe, Fittings, and Flanges [Notes(2); (3),and (4)] . ..... .o, ASTM F1545
Pressure-Rated Polypropylene (PP) Piping Systems . ... ... 0 . . .. . i ASTM F2389
Plastic| Industrial Ball Valves [Notes (2) and (3)] .. . so gt oot e MSS SP-122
Nonmetallic Pipes and Tubes

PE Line Pipe ..o N e e e API 15LE
Low Pfessure Fiberglass Line Pipe ... .4 . . API 15LR
Reinfofced Concrete Low-Head PreSsure Pipe ........ ... .. i e JASTM C361
Process Glass Pipe and Fittings A, . . ... oot JASTM C599
ABS Plastic Pipe, Sch 40720080 . . . ... ... e ASTM D1527
PVC Plastic Pipe, SCh@0) 80 and 120 . . ... ... .ttt e e e ASTM D1785
PE Plaptic Pipe (SIDR*PR) Based on Controlled Inside Diameter . ........... ...ttt ASTM D2239
PVC Plastic Pressure-Rated Pipe (SDR Series) . ... ...ttt it e ASTM D2241
ABS PlastidPipe (SDR-PR) . ... ASTM D2282
Thermoplastic Gas Pressure Pipe, Tubing, and Fittings .......... .. .. .. ... ... ... . . ... ASTM D2513
Reinforced Epoxy Resin Gas Pressure Pipe and Fittings ... ...... ... .. e ASTM D2517
PB Plastic Pipe (SDR-PR) . .. ..ttt ettt et et e e e e ASTM D2662
PB PlastiC TUDING . . . ... ottt et et e e e e e e e e e e ASTM D2666
Joints for IPS PVC Pipe Using Solvent CEMENt . .. ... ...\ttt et ASTM D2672
PE Plastic TUDING . . . ..ot e e e ASTM D2737
CPVC Plastic Hot- and Cold-Water Distribution System . ............. . . . e ASTM D2846/D2846M
Filament-Wound Fiberglass RTR Pipe [Note (1)] .. .. ..ottt e ASTM D2996
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Table A326.1 Component Standards (Cont’d)

Standard or Specification Designation
Nonmetallic Pipes and Tubes (Cont’d)
Centrifugally Cast Fiberglass RTR Pipe ... ... . . e ASTM D2997
PB Plastic Pipe (SDR-PR) Based on Outside Diameter . .......... ...ttt ASTM D3000
PE Plastic Pipe (DR-PR) Based on Controlled Outside Diameter . ............ ... .ttt ASTM D3035
Fiberglass RTR Pressure Pipe [Note (1)] ... ..ot e e et e e e ASTM D3517
Fiberglass RTR Sewer and Industrial Pressure Pipe [anp (1 1] ASTM D3754
CPVC Plastif Pipe, Sch 40 and 80 .. ... ... .. e ASTME441/F441M
CPVC Plastif Pipe (SDR-PR) . ... . ASTM, F442 /F442M
Crosslinked| Polyethylene/Aluminum/Crosslinked Polyethylene (PEX-AL-PEX) Pressure Pipe ................. ASTM|F1281
Polyethylenf/Aluminum/Polyethylene (PE-AL-PE) Composite Pressure Pipe . ......... ... ... ... . ... ..... ASTM|F1282
Polyolefin Hipe and Fittings for Corrosive Waste Drainage Systems [Notes (2) and (3)] ............... .o 2. ASTM|F1412
Plastic-Linefl Ferrous Metal Pipe, Fittings, and Flanges [Notes (2), (3), and (4)] . ... ..o oo i ... ASTM|F1545
PVDF Corrdsive Waste Drainage Systems . ... ........ ..ottt ASTM|F1673
Pressure-Rdted Polypropylene (PP) Piping Systems .. ... ... ...ttt N e ASTM|F2389
Metric and [nch-sized Crosslinked Polyethylene (PEX) Pipe ............ ... ... i i, ASTM F2788/FR788M
Reinforced Loncrete Pressure Pipe, Steel Cylinder Type, for Water and Other Liquids .. ¢ .................. AWWA C300
Prestressed| Concrete Pressure Pipe, Steel Cylinder Type, for Water and Other Liquidsy>. . .......... .. ... ... AWWA C301
Reinforced [oncrete Pressure Pipe, Noncylinder TYPe . . ... ..ov e i e e ine s AWWA C302
Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated Fittings, 4 In. Throughs6Q In. (100 mm Through 1,500 mm) AWWA C900
Fiberglass Hressure Pipe .. ... ... R AWWA C950
Miscellanepus
Contact-Mo]ded RTP Laminates for Corrosion Resistant Equipment . . ............ .. ... ... i, ASTM C582
Threads for| Fiberglass RTR Pipe (60 deg stub) [Note (1)] « i35 oo v v et e e e ASTM [D1694
Solvent Cenpents for ABS Plastic Pipe and Fittings .. ... 9 . . . o e ASTM [D2235
Solvent Cenents for PVC Plastic Piping SyStems . .o . vttt e e ASTM [D2564
Joints for Plastic Pressure Pipes Using Flexible Elastomeric Seals ............. .. ... ASTM [D3139
Fiberglass RTR Pipe Joints Using Flexible Elastomferic Seals [Note (1)] ....... ..o, ASTM [p4161
Design and [Construction of Nonmetallic\Enveloped Gaskets for Corrosive Service ......................... ASTM F336
Solvent Cenpents for CPVC Plastic Pipé and Fittings ... ....... ... e ASTNMI F493
Taper Pipe [Threads 60° for Thermoplastic Pipe and Fittings .. ......... ... . e ASTM|F1498
GENERAL NOTE: It is not (practical to refer to a specific edition of each standard throughout the Code text. Instead, the approved ¢dition
references, plong with thenames and addresses of the sponsoring organizations, are shown in Appendix E.
NOTES:
(1) The terjn “fiberglass RTR” takes the place of the ASTM designation “fiberglass (glass-fiber-reinforced thermosetting resin).”
(2) This Standard’allows the use of unlisted materials; see para. 323.1.2.
(3) This Stdndard-contains—no-pressure—temperatureratings:

(4) Cautionary Note: A metallic piping component lined with nonmetal requires proper interaction between liner and host metallic piping
component. This is demonstrated by qualification testing required in ASTM F1545. The designer should review this documentation for
compliance.
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the date of such qualification, and the date the bonder or
bonding operator last bonded pressure piping under such
performance qualification.

A328.2.4 Qualification Records. The employer shall
maintain a self-certified record, available to the owner
or owner’s agent and to the Inspector, of the BPS used
and the bonders or bonding operators employed by
him/her, and showing the dates and results of BPS quali-
fications and bonding performance qualifications.

Sy = mean long-term hydrostatic strength (LTHS) at
the test temperature, in accordance with ASTM
D2837 or from the applicable component stan-
dard or manufacturer’s data

mean short-term burst stress at the test tempera-
ture, in accordance with ASTM D1599° or from
the applicable component standard or manufac-
turer’s data

nominal thickness of pipe

Ss

T

A328.2.5 Qualification Tests. Tests, as specified in
para.|A328.2.1(a), shall be performed to qualify each
BPS dnd the performance of each bonder and bonding
opergtor. Test assemblies shall conform to (a) below
and the test method shall be in accordance with either
(b) or (c).

(a)| Test Assembly. The assembly shall be fabricated in
one p|pe size in accordance with the BPS and shall contain
at leapt one of each different type of joint identified in the
BPS. More than one test assembly may be prepared if nec-
essary to accommodate all of the joint types or to assure
thatafleast one of each joint type isloaded in both circum-
ferential and longitudinal directions. The size of pipe and
fittings in the assembly shall be as follows:

7) When the largest size to be qualified is DN 100
4) or smaller, the test assembly shall be the largest
ualified.

?) When the largest size to be qualified is greater
than DN 100 (NPS 4), the size of the test assembly shall be
betwgen 25% and 100% of the largest piping size gual-
ified, |but shall be a minimum of DN 100 (NPS 4).

(b)| Burst Test Method. The test assembly shall be
subjefted to a burst test in accordance with the'applicable
sectidns of ASTM D1599.° The time to burst in this stan-
dard may be extended. The test is successful if failure initi-
ates qutside of any bonded joint,

(c)| Hydrostatic Test Method, Thetest assembly shall be
subjefted to hydrostatic pressure of at least Prfor not less
than [l hr with no leakage~0r/separation of joints.

7) For thermoplasties, Pr shall be determined in
accorflance with eq{(27)

(NPS
size ¢

(27)

(Ss+S
Pp= 0.80T(S—f)

wher¢
D

outside diameter of pipe

(2) For RTR (laminated and filament-wound]
Prshall be 3 times the manufacturer’s alloweabl
for the components being joined.

(3) The test shall be conducted so that the joint is
loaded in both the circumferentialand longitudﬁnal direc-
tions.

and RPM,
b pressure

A328.2.6 Performance Requalification. Renewal of a
bonding performance(gqualification is required when

(a) abonder or bonding operator has not us¢d the spe-
cific bonding process for a period of 6 months or more, or

(b) there is‘specific reason to question the irfdividual’s
ability to make bonds that meet the BPS

A328.3 Bonding Materials and Equipment

A328.3.1 Materials. Bonding materials that have dete-
Florated by exposure to air or prolonged storage, or will
not spread smoothly, shall not be used in maKing joints.

used in
perform

A328.3.2 Equipment. Fixtures and toolf
making joints shall be in such condition as t
their functions satisfactorily.

A328.4 Preparation for Bonding

Preparation shall be defined in the BPS and sh
such requirements as

(a) cutting

(b) cleaning

(c) preheat

(d) end preparation

(e) fit-up

all specify

A328.5 Bonding Requirements
A328.5.1 General

(a) Production joints shall be made only in apcordance

® Titles of referenced standards and specifications are listed in
Table A326.1, except ASTM D1599, Test Method for Resistance to
Short-Time Hydraulic Pressure of Plastic Pipe, Tubing, and Fittings;
ASTM D2657, Practice for Heat Fusion Joining of Polyolefin Pipe and
Fittings; ASTM D2855, Practice for Making Solvent-Cemented Joints
with PVC Pipe and Fittings; and ASTM F1290, Practice for
Electrofusion Joining Polyolefin Pipe and Fittings.

109

with-a-written-bendingprecedurespeeifieation{BPS) that
has been qualified in accordance with para. A328.2. Manu-
facturers of piping materials, bonding materials, and
bonding equipment should be consulted in the prepara-
tion of the BPS.

(b) Production joints shall be made only by qualified
bonders or bonding operators who have appropriate
training or experience in the use of the applicable BPS
and have satisfactorily passed a performance qualification
test that was performed in accordance with a qualified
BPS.
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Figure A328.5.3 Thermoplastic Solvent Cemented Joint

\F

(b) Procedure. Joints shall be made in accordance with
the qualified BPS. ASTM D2855 provides a suitable basis
for development of such a procedure. Solvent cements for
PVC, CPVC, and ABS shall conform to ASTM D2564, D2846,
and D2235, respectively. Application of cement to both
surfaces to be joined and assembly of these surfaces
shall produce a continuous bond between them with
visual evidence of cement at least flush with the outer
end of the fitting bore around the entire joint perimeter.

|
N
|
\
Socket Joint

(c) Eac
be assign
specified
containin
otherwis

h qualified bonder and bonding operator shall
bd an identification symbol. Unless otherwise
in the engineering design, each pressure-
b bond or adjacent area shall be stenciled or
e suitably marked with the identification
symbol of|the bonder or bonding operator. Identification
stamping ghall not be used and any marking paint or ink
shall not e detrimental to the piping material. In lieu of
marking the bond, appropriate records may be filed.
(d) Qualification in one BPS does not qualify a bonder
or bonding operator for any other bonding procedure.

SeeFHigureA328-53-

(c) Branch Connections. A fabricated branch(ce
tion shall be made using a manufactured full\rein
ment saddle with integral branch socket
reinforcement saddle shall be solvent cemented f{
run pipe over its entire contact surface:

nnec-
force-

The
o the

ping’

(a) Preparation. Surfages<to be heat fused together
shall be cleaned of all foreigh material.

(b) Procedure. Joints.shall be made in accordanc¢ with
the qualified BPS. The general procedures in ASTM D657,
Techniques I —8oc¢ket Fusion, Il — Butt Fusion, and I11 —
Saddle Fusionjprovide a suitable basis for developmient of
such a procedure. Uniform heating of both surfaces|to be
joined and-assembly of these surfaces shall produce a

A328.5.4 HeatFusion Jointsin Thermoplastic P

(e) Longitudinal joints are not covered in para. A328.  contintious homogeneous bond between them and
shallvproduce a small fillet of fused material 4t the
A328.5(2 Hot Gas Welded Joints in Thermoplastic _ guter limits of the joint. See Figure A328.5.4 for typical
Piping® heat fusion joints. Fixtures shall be used to align cqmpo-
a) Prgparation. Surfaces to be hot gas welded together: nents when joints are made. .
shz(ill)be cl gned of any foreign materia{lg. For buttwelfcgis, the . (CJ_ anéh Connections. A fabrlcat(_ad_branch cophec:
joining edges should be beveled at 20 deg to 40 depwith 1 tion is permitted only where molded fittings are unavail-
1 able.
mm (/; In.) root face and root gap.
(b) Prqcedure. Joints shall be made in accordance with A328.5.5 Electrofusion Joints in Thermoplastic
the qualiffed BPS. Piping®
(c) Brqnch Connections. A fabricated branch connec-
tion shall|be made by inserting thejbranch pipe in the (a) Preparation. Surfaces to be heat fused together
hole in the run pipe. Dimensions of the joint shall shall be cleaned of all foreign material.
conform o Figure 328.4.4, illustration (c). The hole in (b) Procedure. Joints shall be made in accordancg with
the run pjipe shall be beveled at 45 deg. Alternatively, the qualified BPS. The general procedures in ASTM F1290,
a fabricatfed branch confiection shall be made using a  Technique I — Coupling Procedure and Techniqug II —
manufactired full reinforcement saddle with integral ~ Saddle Procedure, provide a suitable basis for the devel-
socket. opment of such a procedure. See Figure A328.5.5.
A328.5(3 Salvent Cemented Joints in Thermoplastic A328.5.6 Adhesive Joints in RTR and RPM Pipjng
Pipings (bl] Pl ULCdul c. J‘Uilltb D}ldl} bC 1uadc ill dlLLUI ddllLC Wlth

(a) Preparation. Thermoplastic pipe and fitting
surfaces shall be prepared in accordance with ASTM
D2855 for PVC, ASTM F493 for CPVC, and ASTM
D2235 for ABS. A dry fit test of each joint is required
before solvent cementing. The pipe shall enter the
fitting socket between one-third and two-thirds of the
full socket depth when assembled by hand.

110

the qualified BPS. Application of adhesive to the surfaces
tobejoined and assembly of these surfaces shall produce a
continuous bond between them and shall seal over all cuts
to protect the reinforcement from the service fluid. See
Figure A328.5.6.

(b) Branch Connections. A fabricated branch connec-
tion shall be made using a manufactured full reinforce-
ment saddle having a socket or integral length of
branch pipe suitable for a nozzle or coupling. The hole
in the run pipe shall be made with a hole saw; the cut
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Figure A328.5.4 Thermoplastic Heat Fusion Joints

1T
|

Socket Joint Butt Joint

|
Coupling 7 %

Saddle Joint

Figure A328.5.5 Thermoplastic Electrofusion Joints

Wire | / V\égﬁs
A coils \
|
&,/J\/
QO
Coupling Butt

Figurp A328.5.6 Fully Tapered Thermosetting Adhesive
Joint

T J—

Wire _U

/ Sgi)dplf
gt

mat

g tee

Saddle

A328.5.7 Butt-and-Wrapped Joints in RTR

Piping®

(a) Procedure. Joints shall be made in accord
the qualified BPS. Application of plies of rein
saturated with catalyzed resin to the surfa
joined shall produce a continuous structure y
Cuts shall be sealed to protect the reinforcen

the service fluid. See Figure

(b) Branch Connections. For a fabricate
connection made by inserting the branch p
hole in the run pipe, the hole shall be ma

A328.5.7.

and RPM

ance with
forcement
ces to be
yith them.
hent from

d branch
pe into a

le with a

edges of the hole shall be sealed with adhesive at the time
the saddle is bonded to the run pipe.

111

hole saw.

A328.6 Bonding Repair

Defective material, joints, and other workmanship that
fails to meet the requirements of this Code and of the engi-
neering design shall be repaired or replaced. See also

para. 341.3.3.
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Figure A328.5.7 Thermosetting Wrapped Joints

A329.2 Flaring of Nonmetallic Linings

qual-
kKperi-
dure

A329.2.1 General
T~ — 1 ~—7
(a) Paragraph A329.2 applies only to the flaring of
linings in pipe that has previously been lined with nonme-
tals.
A h (b) Flaring that conforms to para. A329.2 may be used
in accordance with para. A318.3.2.
(c) Flaring shall be performed only in accordance with
awrittenflaringprocedurespecificationand-onlyby
V ified operators who have appropriate training ot e
ence in the use of the applicable flaring(procg
specification.
N— D N— D A332 BENDING AND FORMING
Overwrapped Butt and Wrapped A332.1 General

Bell gnd Spigot Joint Joint

A328.7 §

If threaded joints are to be seal bonded in accordance
with paraf A311.2.2, the work shall be done by qualified
bonders and all exposed threads shall be covered by the
seal bond

eal Bonds

A329 FABRICATION OF PIPING LINED WITH
NONMETALS

A329.1
A329.1,

(a) Par
semblies
lined with

(b) We
in accord

A329.1
shall conff
following

(a) Mo
suit many

elding of Metallic Piping
1 General

pgraph A329.1 applies only to welding subas-

of metallic piping that have previously been
nonmetals.

ding that conforms to para. A329.1 may be used
nce with para. A318.371,

2 Specific Welding.Requirements. Welding
prm to the requirements of para. 328 and the
additional requirements:

lificationssmade in preparation for welding to
facturer’s recommendations shall be specified

Paragraph 332.1 applies-iniits entirety.

A332.2 Bending
Paragraph 332.2/applies, except para. 332.2.2.

A332.3 Forming
Paragraph 332.3 applies, except for heat treatm

A334"JOINING NONPLASTIC PIPING
A334.1 Borosilicate Glass Piping

Short unflanged pieces used to correct for differ]
between fabrication drawings and field dimension
be cut to length and finished in the field.

A334.2 Repair of Defects

Defective material, joints, and other workmans
nonplastic piping that fail to meet the requireme
para. A334 or of the engineering design shall be rey
or replaced.

ent.

ences
5 may

hip in
nts of
aired

Completed repairs and replacements shall be exanpined,

subject to the same limitations on imperfections :
original work.

A335 ASSEMBLY AND ERECTION

s the

in the engineering design. .
(b) Welding-shall be performed so as to maintain the A335.1 Alignment

Continuity of-tire liuiug arrd-its—ser viu—:d‘uﬁiL_y. Paragraph 335.1 applies 1n I1ts entirety.
(c) If alining has been damaged, it shall be repaired or

replaced. A335.2 Flanged and Mechanical Joints

(d) Qualification to one WPS for a specific lining mate-
rial does not qualify a welder or welding operator for any
other welding procedure involving different lining mate-
rials.

112

Paragraph 335.2 applies in its entirety.
A335.2.5 Nonmetallic Bolted Joints

(a) Bolted joints in nonmetallic piping may be

assembled with any combination of flange material and
flange facings, except that the following apply when
other than flat face flanges and full face gaskets are used:
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(1) consideration shall be given to the strength of the
flanges, and to sustained loads, displacement strains, and
occasional loads described in paras. A302.3.3 and
A302.3.4

(2) an appropriate bolt-up sequence shall be speci-
fied

(b) Appropriate limits shall be specified for bolt-up
torque, and those limits shall not be exceeded.
(c) Flat washers shall be used under bolt heads and

A335.6 Special Joints

Paragraph 335.6 applies, except that expanded joints
are not permitted.

A335.6.3 Flexible Elastomeric Sealed Joints.
Assembly of flexible elastomeric sealed joints shall be
in accordance with the manufacturer’s recommendations
and the following:

(a) Seal and bearing surfaces shall be free from injur-

nuts.

A335.2.6 Metallic Piping Lined With Nonmetals. In
assembling mechanical joints in metallic piping lined
with honmetals, consideration shall be given to means
for maintaining electrical continuity between pipe
sectigns, where static sparking could cause ignition of
flammable vapors. See Appendix F, para. FA323.4(a).

A335.3 Threaded Joints

Par
para.

A3j]
be sd
comp
leaks
danc
remo

A3
wren
be us
other
shall
deepl

A3
threa
may 1
matet
covel
betws

agraph 335.3 applies except for para. 335.3.2. See
A335.3.2.

85.3.2 Joints for Seal Bonding. A threaded joint to
al bonded shall be made up without thread
ound. A joint containing thread compound that
during leak testing may be seal bonded in accor-
e with para. A328.6, provided all compound is
ved from exposed threads.

85.3.4 Tools, Nonmetallic Piping. Either strap
ches or other full circumference wrenches shall
ed to tighten threaded pipe joints. Toolssand
devices used to hold or apply forces to-the pipe
be such that the pipe surface is not'scored or
y scratched.

85.3.5 RTR and RPM Piping.'In assembling
Hed joints in RTR and RPM piping, where threads
e exposed to fluids that/can attack the reinforcing
ial, threads shall be coated with sufficient resin to
the threads and ompletely fill the clearance
ben the pipe and‘the fitting.

A335.4 Tubing Joints

A335.4.1 Flared Joints in Thermoplastic Tubing. In
addiftionto preparation in accordance with

para.|335.4°1, the end of the tubing shall be cut perpen-

iU usS ;llllJCl fCLtiUllb.

(b) Any lubricant used to facilitate joint asse
be compatible with the joint components andth
service.

(c) Proper joint clearances and piping restra
integral in the joint design) shalb-be provided {
joint separation when expansiefycan occur due
and/or pressure effects.

mbly shall
b intended

nts (if not
0 prevent
o thermal

A335.8 Assembly. of Brittle Piping

A335.8.1 General. Care shall be used
scratching of drittle nonmetallic piping in har
supporting. Any scratched or chipped cor
shall be replaced. Care shall be used in handl
lined and cement-lined metal pipe because
can.,be injured or broken by blows that do n
break the pipe.

A335.8.2 Borosilicate Glass Piping. In addi
precaution in para. A335.8.1, borosilicate gl3
components shall be protected from weld sp
component so damaged shall be replaced. Fl
cushion inserts shall be carefully fitted and
pipe, fittings, and valve ends. Gaskets shall
construction recommended for the joint. Inl
and torquing of bolts shall be in accordancg
manufacturer’s recommendations.

to avoid
dling and
nponents
ing glass-
the lining
bt dent or

ion to the
Ss piping
atter. Any
inges and
hligned to
be of the
stallation
with the

A335.9 Cleaning of Piping
See Appendix F, para. F335.9.

PART 10

INSPECTION, EXAMINATION, AND TESTING

A340 INSPECTION

diculartothetube—centertinme; preferably-witha—tubing
cutter specially made for thermoplastic tubing. No cuts,
scratches, dirt, or surface damage to either inside or
outside diameter are permitted on the pipe end to be
flared.

A335.4.2 Flareless and Compression Tubing Joints.
Paragraph 335.4.2 applies.

A335.5 Caulked Joints
Paragraph 335.5 applies.

113

Paragrapit 320 appiies I {t5 entirety:

A341 EXAMINATION
A341.1 General
Paragraph 341.1 applies.

A341.2 Responsibility for Examination
Paragraph 341.2 applies in its entirety.
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Table A341.3.2 Acceptance Criteria for Bonds

Type of Imperfection

Thermoplastic Material

Hot Gas Welded Joint Solvent Cemented Joint

Heat Fusion Joint

RTR and RPM Materials
[Note (1)] — Adhesive
Cemented Joint

Cracks

Unfilled areas in joint

Unbonded areas in joint

Inclusions of charred material

Unfused fill

None permitted
None permitted
None permitted

None permitted

Not applicable
None permitted
None permitted
Not applicable

None permitted
None permitted
None permitted

None permitted

None permitted
None permitted
None permitted

None permitted

er material inclusions ~ None permitted

Not applicable

Not applicable None permitted

Protrusion
bore, %

bf material into pipe
f pipe wall thickness

Not applicable

Cement, 50%

Fused material, 25% Adhesive, 25%

NOTE: (1)

A341.3 H

A341.
Paragrapl}
and 341.3

A341.3
shall be 4
at least nj
Table A34

A341.3
Paragraph

A341.3
Paragraph
A341.4 |

A341.4
Normal F
specified

RTR = reinforced thermosetting resin; RPM = reinforced plastic mortar.

Examination Requirements

B.1 Responsibility for Examination.
 341.3.1 applies, except for paras. 341.3.1(a)
.1(b), which apply only for metals.

2 Acceptance Criteria. Acceptance criteria
s stated in the engineering design, and shall
eet the applicable requirements for bonds in
1.3.2 and requirements elsewhere in the Code.

3 Defective Components and Workmanship.
341.3.3 applies in its entirety.

4 Progressive Sampling for Examination.
341.3.4 applies in its entirety.
Extent of Required Examination

1 Examination Normally Required. Piping in
luid Service shall be examined to thelextent
herein or to any greater extent.specified in

the engineering design. Acceptance eriteria are as

stated in
(a) Vig
examined
(1) 1
para. 341
2) 4
bond mad|
represent|
3) 1

ferential, {

para. A341.3.2 unless otherwise specified.

al Examination. At least/the following shall be
in accordance with para:-344.2:

haterials and components in accordance with
4.1(a)(1).

t least 5% of fabrication. For bonds, each type of
e by each bonider and bonding operator shall be
bd.

00% offabrication for bonds other than circum-
xceptthose in components made in accordance

with a lis

ed({specification.

(c) Certifications and Records{Paragraph 341.
applies.

A341.4.2 Examination ~ Category D Fluid Se
Piping and piping elements for Category D
Service as designatediin the engineering design
be visually examined to the extent necessary to §
the examiner that'components, materials, and worH
ship conform™to the requirements of this Code an
engineering design.

A341.5 Supplementary Examination

A341.5.1 General. Any applicable method of exa
tion described in para. 344 may be specified by the
neering design to supplement the examination red
by para. A341.4. The extent of supplementary examir
to be performed and any acceptance criteria that
from those in para. A341.3.2 shall be specified in the
neering design.

1.1(c)

rvice.
Fluid
shall
atisfy
fman-
d the

mina-
engi-
uired
lation
differ
engi-

A341.5.2 Examinations to Resolve Uncertdinty.

Paragraph 341.5.3 applies.

A342 EXAMINATION PERSONNEL
Paragraph 342 applies in its entirety.

A343 EXAMINATION PROCEDURES
Paragraph 343 applies in its entirety.

A344 TYPES OF EXAMINATION

(4) a

ssembly and erection of piping in accordance

with paras. 341.4.1(a)(4), 341.4.1(a)(5), and
341.4.1(a)(6).

(b) Other Examination. Not less than 5% of all bonded
joints shall be examined by in-process examination in
accordance with para. 344.7, the joints to be examined
being selected to ensure that the work of each bonder

and bond

ing operator making the production joints is

examined.

A344.1 General
Paragraph 344.1 applies in its entirety.

A344.2 Visual Examination

Paragraph 344.2 applies in its entirety.

A344.5 Radiographic Examination

Radiographic examination may be used in accordance

with para. 344.1.2.
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A344.6 Ultrasonic Examination

Ultrasonic examination may be used in accordance with
para. 344.1.2.

A344.7 In-Process Examination
Paragraph 344.7 applies in its entirety.

A345 TESTING

than 1.5 times the design pressure, but shall not
exceed 1.5 times the maximum rated pressure of the
lowest-rated component in the system.

(b) Thermoplastic Piping. For piping systems in which
the design temperature is above the test temperature,
para. 345.4.2(b) applies, except that S and St shall be
from Table B-1 instead of Table A-1 or Table A-1M.

(c) Metallic Piping With Nonmetallic Lining.
Paragraph 345.4.2 applies.

A345.1 Required Leak Test

(a)| Prior to initial operation, each piping system shall
be tested to ensure tightness. The test shall be a hydro-
static|leak test in accordance with para. A345.4, except as
provifed herein.

(b)| Paragraphs 345.1(a) and 345.1(b) apply.

A34j.2 General Requirements for Leak Test

Requirements in para. A345.2 apply to more than one
type f leak test.

A345.2.1 Limitations on Pressure.
Paragraphs 345.2.1(b) and 345.2.1(c) apply.

A345.2.2 Other Test Requirements

(a)| Paragraph 345.2.2(a) applies.

(b)| The possibility of brittle fracture shall be consid-
ered when conducting leak tests on brittle materials ox
at low temperature.

(c)| Paragraphs 345.2.3 through 345.2.7 apply.

A3459.3 Preparation for Leak Test

Pattagraph 345.3 applies in its entirety, Considering
bonds in place of welds, and excluding\expansion joints.

A343.4 Hydrostatic Leak Test
A345.4.1 Test Fluid. Paragraph 345.4.1 applies.

A345.4.2 Test Pressure

(a) Nonmetalli¢c{ Piping. Except as provided in
para.|A345.4.3, the hydrostatic test pressure at any
point/in a nofimetallic piping system shall be not less

A345.4.3 Hydrostatic Test of Piping With-V¢ssels as a
System. Paragraph 345.4.3 applies.

A345.5 Pneumatic Leak Test

A345.5.1 Precautions. In addition'to the reqpirements
of para. 345.5.1, a pneumatic testof nonmetallic piping is
permitted only with the ofyner’s approval, and precau-
tions in Appendix F, para.FA323.4 should be cpnsidered.

A345.5.2 Other, Requirements

(a) Paragraphs-345.5.2 through 345.5.5 apply.
(b) PVC and-CPVC piping shall not be pnefimatically
tested.

—_—

A345:6" Hydrostatic-Pneumatic Leak Test

Ifa combined hydrostatic-pneumatic leak test is used,
the requirements of para. A345.5 shall be met, and the
pressure in the liquid-filled part of the piping shall not
exceed the values calculated in accordance with para.
A345.4.2 or 345.4.2, as applicable.

A345.7 Initial Service Leak Test

Paragraph 345.7 applies in its entirety for (Jategory D
Fluid Service only.

A345.8 Sensitive Leak Test
Paragraph 345.8 applies.

A346 RECORDS
Paragraph 346 applies in its entirety.

115
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Chapter VIl
Piping for Category M Fluid Service

M300 GENERAL STATEMENTS

(a) Chdpter VIII pertains to piping designated by the
owner as|being in Category M Fluid Service. See para.
300(b)(1) and Appendix M.

(b) Th¢ organization, content, and paragraph designa-
tions of thiis Chapter correspond to those of the base Code
(Chapters|I through VI) and Chapter VII. The prefix M is
used.

(c) Pro
Chapter V

(d) Cor
engineere
G300.3,in
paras. G3

(e) Thi
used unde
eliminate
design sh
dance wit

(f) Cha

visions and requirements of the base Code and
I apply only as stated in this Chapter.
sideration shall be given to the possible need for
d safeguards as described in Appendix G, para.
addition to the inherent safeguards described in
0.1 and G300.2.

5 Chapter makes no provision for piping to be
r severe cyclic conditions. If it is not feasible to
the severe cyclic conditions, the engineering
bll specify any necessary provisions in accor-
h para. 300(c)(5).

bter I applies in its entirety.

PART 1
CONDITIONS AND CRITERIA

M301 DE

Paragrg
tions of p
M301.5.

M301.3

Use of i
ture as th
heat trans
mental m

SIGN CONDITIONS

ph 301 applies in its enticety, with the excep-
aras. 301.3 and 301:5~See paras. M301.3 and

Design Temperature, Metallic Piping

ny temperature other than the fluid tempera-
e design\temperature shall be substantiated by
fer calculations confirmed by tests or by experi-
Pasurements.

M301.5.4 Vibration. Suitable dynamic analysis, S]lCh as
computer simulation, shall be made where necessary to
avoid or minimize conditions that lead to |detrimental
vibration, pulsation, or resonance effects_in the piping.

M302 DESIGN CRITERIA
M302.1 General

ature

and
varia-
sign.
ption

Paragraph M302 pertains to pressure-temper
ratings, stress criteria, design allowances
minimum design values, together with permissible
tions of thesedfactors as applied to piping df
Paragraph 302.applies in its entirety, with the excg
of para. 302.2.4. See para. M302.2.4.

M302;2.4 Allowance for Pressure and Tempenature
Variations, Metallic Piping. Use of allowandes in
pata. 302.2.4 is not permitted.

PART 2
PRESSURE DESIGN OF METALLIC PIPING
COMPONENTS

M303 GENERAL
Paragraph 303 applies in its entirety.

M304 PRESSURE DESIGN OF METALLIC
COMPONENTS

Paragraph 304 applies in its entirety.

PART 3
FLUID SERVICE REQUIREMENTS FOR META
PIPING COMPONENTS

LLIC

M301.5 Dynamic Effects

Paragraph 301.5 applies with the exception of paras.
301.5.1 and 301.5.4. See paras. M301.5.1 and M301.5.4.

M301.5.1 Impact. Design, layout, and operation of
piping shall be conducted so as to minimize impact
and shock loads. In the event that such loadings are
unavoidable, para. 301.5.1 applies.
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M305 PIPE
M305.1 General

Listed pipe may be used in accordance with
para. M305.2. Unlisted pipe may be used only as provided
in para. 302.2.3.


https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

M305.2 Specific Requirements for Metallic Pipe

Pipe listed in para. 305.2.2 shall not be used. The provi-
sion for severe cyclic conditions in para. 305.2.3 does not
apply [see para. M300(e)].

M306 METALLIC FITTINGS, BENDS, MITERS,
LAPS, AND BRANCH CONNECTIONS

General. Fittings, bends, miters, laps, and branch

(b) Of the branch connections described in
paras. 304.3.2(b) and 304.3.2(c), those having threaded
outlets are permitted only in accordance with para.
M314 and those having socket welding outlets are
permitted only in accordance with para. M311.2.

M306.6 Closures

The following requirements do not apply to blind
flanges or to fittings conforming to para. M306.1. Of

connections may be used in accordance with
parasf M306.1 through M306.6. Pipe and other materials
used n such components shall be suitable for the manu-
facturing process and the fluid service.

M306.1 Pipe Fittings

Paif
tion (

agraph 306.1 applies in its entirety, with the excep-
f paras. 306.1.3 and 306.1.4. See para. M306.1.3.

M3p6.1.3 Specific Fittings
(a)

been

Proprietary welding branch outlet fittings that have
design proof tested successfully as prescribed in
ASMH B16.9, MSS SP-97, or ASME BPVC, Section VIII, Divi-
sion [I, UG-101 may be used within their established
ratings.

(b)| Fittings conforming to MSS SP-43 and MSS SP-119
shall pot be used.

(c)| Proprietary “Type C” lap-joint stub-end butt-
weldIg fittings shall not be used.

M30

Par
creas

.2 Pipe Bends

agraph 306.2 applies, except that bends designed as
bd or corrugated shall not be used.

M306.3 Miter Bends

An
make
Figuy
306.3

iter bend shall conform to para..306.3.1 and shall not
a change in direction at-a single joint (angle a in
e 304.2.3) greater than 22.5 deg. Paragraph
.3 does not apply [seepara. M300(e)].

4 Fabricated or Flared Laps

M30T).

M3p6.4.1 General. The following requirements do not
apply| to fittings conforming to para. M306.1, nor to laps
integrally forged on pipe ends. Paragraph 306.4.1 applies.

M3D6.4.2 Flared Laps. Flared laps shall not be used.

the closures described In para. 304.4, flat.closures in
accordance with ASME BPVC, Section VIII-Iivision 1,
UG-34 and UW-13, and conical closures withoutjtransition
knuckles [UG-32(g) and UG-33(f)], may’be uded only if
others are not available. The requirements in M306.5
apply to openings in closures [seealso para. 304.4.2(b)].

M307 METALLIC VALVES'AND SPECIALTY
COMPONENTS

The following réquirements for valves shall also be met
as applicable by other pressure-containing pipihg compo-
nents, e.g./traps, strainers, and separators| See also
Appendix(F, paras. F301.4 and F307.

M307.1"General

Paragraph 307.1 applies, subject to the requitements in

para. M307.2.

M307.2 Specific Requirements

(a) Paragraph 307.2.2 applies.
(b) Valves having threaded bonnet joints (
union joints) shall not be used.
(c) Only metallic valves conforming to the
requirements may be used:
(1) Special consideration shall be giveq
design to prevent stem leakage to the enviror
(2) Bonnet or cover plate closures and b
shall be flanged, secured by at least four H
gasketing conforming to para. 308.4; or proprietary,
attached by bolts, lugs, or other substantial njeans, and
having a gasket design that increases gasket compression
as fluid pressure increases; or secured with alfull pene-
tration weld made in accordance with para.[M311; or
secured by a straight thread sufficient for mechanical
strength, a metal-to-metal seat, and a seal weld made
M211 o1 .,rleS

ther than
following

| to valve
ment.

pdy joints
olts with

M306.5 Fabricated Branch Connections

The following requirements do not apply to fittings
conforming to para. M306.1. Paragraph 306.5.1 applies,
with the following exceptions:

(a) Ofthe methods listed in para. 304.3.1(a), the one in
para. 304.3.1(a)(3) may be used only if those in paras.
304.3.1(a)(1) and 304.3.1(a)(2) are unavailable.
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HA—2 rdan AN diner 1o
A CcCoTrtante—wit—para—TroTr L, arrattm g TS

M308 FLANGES, BLANKS, FLANGE FACINGS, AND

GASKETS
Paragraph 308.1 applies in its entirety.

M308.2 Specific Requirements for Metallic
Flanges

Paragraph 308.2.4 does not apply [see para. M300(e)].
The following shall not be used:
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(a) single-welded slip-on flanges

(b) expanded-joint flanges

(c) slip-on flanges used as lapped flanges unless the
requirements in para. 308.2.1(c) are met

(d) threaded metallic flanges, except those employing
lens rings or similar gaskets and those used in lined pipe
where the liner extends over the gasket face

M308.3 Flange Facings

M313 EXPANDED JOINTS IN METALLIC PIPING

Expanded joints shall not be used.

M314 THREADED JOINTS IN METALLIC PIPING

M314.1 General
Paragraphs 314.1(a), 314.1(b), and 314.1(c) apply.

M314.2 Specific Requirements

Paragrdph 308.3 applies in its entirety.

M308.4 Gaskets
Paragrdph 308.4 applies in its entirety.

M308.5 Blanks

All blanks shall be marked with material, rating, and
size.

M309 BOLTING

Paragrdph 309 applies, except for para. 309.2.4 [see
para. M3(Q0(e)].

PART 4
FLUID SERVICE REQUIREMENTS FOR METALLIC
PIPING JOINTS

M310 METALLIC PIPING, GENERAL

Paragrdph 310 applies in its entirety.

M311 WELDED JOINTS IN METALLIC PIPING

Welded|joints may be made in any metalfor which it is
possible to qualify welding procedures, welders, and
welding operators in accordance with-para. M328.

M311.1 General

Paragrdph 311.1 applieswitl'the following exceptions:

(a) Split backing rings.shall not be used.

(b) Socketwelded joints greater than DN 50 (NPS 2) are
not permitted.

(c) Expmination shall be in accordance with
para. M341.4(

M314.2.1 Taper-Threaded Joints. Paragraph\314.2.1
applies except that only components suitable for
Normal Fluid Service in sizes 8 < DN <,25 i¢%/, < NPS <
1) are permitted (see Table 314.2;1).-Sizes snpaller
than DN 20 (NPS */) shall be(safeguarded|(see
Appendix G).

M314.2.2 Straight-Threaded Joints. Paragraph
314.2.2 applies. In addition, components shall|have
adequate mechanical stréngth and the joint shallf have
a confined seating surface not subject to relative rofation
as or after the jointds tightened. [See Figure 335.3.3fillus-
trations (b) and\(€) for acceptable construction.]

M315 TUBING JOINTS IN METALLIC PIPING
Parvagraph 315 applies, except for para. 315.2(b)).

M316 CAULKED JOINTS

Caulked joints shall not be used.

M317 SOLDERED AND BRAZED JOINTS

Soldered, brazed, and braze welded joints shall ot be
used.

M318 SPECIAL JOINTS IN METALLIC PIPING

Paragraph 318 applies, with the exception that adljesive
joints and bell type joints shall not be used.

PART 5
FLEXIBILITY AND SUPPORT OF METALLIC PIPING

M319 FLEXIBILITY OF METALLIC PIPING

M311.2 Specific Requirements

Paragraphs 311.2.1(a); 311.2.2(a), 311.2.2(b), and
311.2.2(d); 311.2.3; and 311.2.4 apply.

M312 FLANGED JOINTS IN METALLIC PIPING
Paragraph 312 applies in its entirety.

5 240 1 L . .
Paragraph—319—appties;, withtheexceptiomtiat the

simplified rules in para. 319.4.1(c) do not apply.

M320 ANALYSIS OF SUSTAINED LOADS
Paragraph 320 applies.

M321 PIPING SUPPORT

Paragraph 321 applies, except that supporting elements
welded to the piping shall be of listed material.
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PART 6
SYSTEMS

M322 SPECIFIC PIPING SYSTEMS
M322.3 Instrument Piping

Paragraph 322.3 applies, with the exception that for
signal tubing in contact with process fluids and
process temperature-pressure conditions

M323.3 Impact Testing Methods and Acceptance
Criteria

Paragraph 323.3 applies in its entirety.

M323.4 Fluid Service Requirements for Metallic
Materials
Paragraph 323.4.1 applies.

M323.4.2 Specific Requirements. Paragraph 323.4.2

(a)] tubing shall be not larger than 16 mm (7 in.) O.D.
and shall be suitable for the service

(b)| anaccessible block valve shall be provided to isolate
the tybing from the pipeline

(c)|joining methods shall conform to the requirements
of pafa. M315

M327

Par
para.

M3

(a)
(b)
ASMH
(9

dancs

.6 Pressure-Relieving Systems

agraph 322.6 applies, except for para. 322.6.3. See
M322.6.3.

02.6.3 Overpressure Protection

Paragraph 322.6.3(a) applies.

Relief set pressure shall be in accordance with
BPVC, Section VIII, Division 1.

The maximum relieving pressure shall be in accor-
with Section VIII, Division 1.

PART 7
METALLIC MATERIALS

M323
M323

Pai
M323

M3

applig
shall
stresg

M3
speci

} GENERAL REQUIREMENTS

.1 Materials and Specifications

agraph 323.1.1 applies. Sée)paras. M323.1.2,
.1.3, and M323.1.4.

23.1.2 Unlisted Materials. Paragraph 323.1.2
s, with the additional hequirement that the designer
fully documentthe determination of allowable
es as part of-theé engineering design.

23.1.3 Unknown Materials. Materials of unknown
icationtshall not be used.

M3P23.14 Reclaimed Metallic Materials. Reclaimed
materials may be used when the material certification

applies, except that cast irons other thancdyctile iron
shall not be used for pressure-containing parts, and
lead and tin shall be used only as linings:

M323.4.3 Metallic Cladding and Lining M
addition to the requirements of para.: 323.4.3, w
rials covered in paras. 323.4.2(C)(2) and 323.4.
as cladding or lining in whiclr the cladding or |
serves as a gasket or as part of the flange faciy
eration shall be given-to-the design of the flang|
prevent leakage toithe environment.

erials. In
ere mate-
B are used
ining also
g, consid-
ed joint to

M323.5 Deterioration of Materials in Selvice

Paragraph 323.5 applies in its entirety.

M325° MATERIALS — MISCELLANEOUS
M325.1 Joining and Auxiliary Materials

ts, brazes,
rials used
ble for the

Inapplying para. 325, materials such as solver]
and solders shall not be used. Nonmetallic mate
as gaskets and packing materials shall be suita
fluid service.

PART 8
STANDARDS FOR PIPING COMPONENTS

M326 DIMENSIONS AND RATINGS OF
COMPONENTS

Paragraph 326.1.3 applies.
M326.1 Dimensional Requirements

M326.1.1 Listed Piping Components. Excepf
bitions and restrictions stated elsewhere in Ch|
components made in accordance with stand

cpﬂr‘iﬁ'r‘nﬁnnc listed in Table 3261 may be usd

for prohi-
apter VIII,
lards and
d in Cate-

records are available for the specific materials employed,
and the designer is assured that the material is sound and
free from harmful defects.

M323.2 Temperature Limitations

Paragraph 323.2 applies with the exception that, in
regard to lower temperature limits, the relaxation of
minimum temperature limits stated in Notes (3) and
(6) of Table 323.2.2 and in paras. 323.2.2(h) and
323.2.2(i) is not permitted.

119

gory M service.

M326.1.2 Unlisted Piping Components.
Paragraph 326.1.2 applies, except that dimensions of
unlisted components shall be governed by requirements
in paras. 303 and 304.

M326.2 Ratings of Components

Paragraph 326.2 applies in its entirety.
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M326.3 Reference Documents

Paragraph 326.3 applies in its entirety.

PART 9
FABRICATION, ASSEMBLY, AND ERECTION OF
METALLIC PIPING

M327 GENERAL

M335.3 Threaded Joints

Paragraphs 335.3.1 and 335.3.2 apply. See paras.
M335.3.3 and M335.3.4.

M335.3.3 Straight-Threaded Joints. The require-
ments of para. 335.3.3 are subject to the limitations in
para. M322.

M335.3.4 Condition of Threads. Taper-threaded
components and threaded ends permitted under

Metallig
for assem

piping materials and components are prepared
bly and erection by one or more of the fabrica-
tion procgsses in paras. M328, M330, M331, and M332.
When any|of these processes is used in assembly and erec-
tion, requirements are the same as for fabrication.

M328 W

Weldin,
328, exce

M328.3

Paragrg

FLDING OF METALS

b shall be in accordance with paras. M311.1 and
bt see para. M328.3.

Welding Materials

ph 328.3 applies in its entirety, except that split
backing rings shall not be used, and removable backing
rings and|consumable inserts may be used only where
their suithbility has been demonstrated by procedure
qualification.

M330 PREHEATING OF METALS

Paragrdph 330 applies in its entirety.

M331 HEAT TREATMENT OF METALS

Paragrd
that no rd
331.1.2 ol

ph 331 appliesinits entirety, with the exception
quirements less stringent than.those of Table
Table 331.1.3 for PWHT shall-be specified.

M332 BE

Paragr
bending t

NDING AND FORMING"OF METALS

hph 332 applies_indits entirety, except that
hat conforms tepara. 332.2.3 is not permitted.

M335 ASSEMBLYAND ERECTION OF METALLIC

PIPING
M335.1 General

para. M314.2.1 shall be examined before assembly for
cleanliness and continuity of threads and shallbe rejected
if not in conformance with ASME B1.20.1 arjother pppli-
cable standards.

M335.4 Tubing Joints

M335.4.1 Flared Tubing Joints. The requireme
para. 335.4.1 apply; however;-see para. M322 for 1
tions associated with specifi¢ piping systems.

nts of
mita-

M335.4.2 Flareless-and Compression Tubing Jpints.
The requirements{of para. 335.4.2 apply; howevel, see
para. M322 fof limitations associated with spcific
piping systems.

M335.6 ‘Special Joints

Special joints shall be in accordance with paras.
and 335.6.1.

M318

M335.9 Cleaning of Piping
See Appendix F, para. F335.9.

M335.10 Identification of Piping
See Appendix F, para. F335.10.

PART 10
INSPECTION, EXAMINATION, TESTING, AND
RECORDS OF METALLIC PIPING

M340 INSPECTION
Paragraph 340 applies in its entirety.

M341 EXAMINATION

M335.1.1 Alignment. In addition to the requirements
of para. 335.1, any bending or forming required for align-
ment and fit-up shall be heat treated if required by para.
332.4.

M335.2 Flanged Joints
Paragraph 335.2 applies in its entirety.

120

Paragraphs 3411, 3412, 3413 and 34 -5 appiy i their

entirety. See para. M341.4.

M341.4 Extent of Required Examination

Paragraph 341.4.1 applies with the following excep-
tions:
(a) Visual Examination
(1) All fabrication shall be examined.
(2) All threaded, bolted, and other mechanical joints
shall be examined.
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(b) Other Examination. The radiography/ultrasonic
examination requirements of para. 341.4.1(b)(1) apply,
except that 100% of circumferential butt and miter
welds and of fabricated lap and branch connection
welds comparable to those shown in Figure 328.5.4E;
Figure 328.5.4F; and Figure 328.5.5, illustrations (d)
and (e), shall be examined.

M342 EXAMINATION PERSONNEL

MA302.2 Pressure-Temperature Design Criteria

Paragraph A302.2 applies, with the exception of para.
A302.2.4. See para. MA302.2.4.

MA302.2.4 Allowances for Pressure and Tempera-
ture Variation. Paragraph A302.2.4(a) applies to both
nonmetallic piping and to metallic piping with nonmetallic
lining.

MA302.3 Allowable Stresses-and Other Design

Parjagraph 342 applies.

M343
Par

3 EXAMINATION PROCEDURES
agraph 343 applies.

M344
Par

I TYPES OF EXAMINATION
agraph 344 applies in its entirety.

M344

Par

(a)
shall

(b)
apply]

5> TESTING

agraph 345 applies, except that

a sensitive leak test in accordance with para. 345.8
be included in the required leak test (para. 345.1)
the initial service leak test (para. 345.7) does not

M346 RECORDS

Parfagraph 346 applies in its entirety.

PARTS 11 THROUGH 20, CORRESPONDING TO

CHAPTER VII

Seq para. M300(b).

MA300 GENERAL STATEMENTS

Parfagraphs MA300 thfough MA346 apply to nonme-
tallic [piping and piping-lined with nonmetals, based on
Chapter VII. Paragraph A300(d) applies.

PART 11
CONDITIONS AND CRITERIA

Limits
Paragraph A302.3 applies.

MA302.4 Allowances
Paragraph 302.4 applies infits entirety.

PART 12
PRESSURE DESIGN OF NONMETALLIC
COMPONENTS

PIPING

MA303 GENERAL
Paragraph A303 applies in its entirety.

MA304 PRESSURE DESIGN OF NONMETALLIC
COMPONENTS

Paragraph A304 applies in its entirety.

PART 13
FLUID SERVICE REQUIREMENTS F
NONMETALLIC PIPING COMPONEN

DR
TS

MA305 PIPE
Paragraph A305 applies in its entirety.
MA306 NONMETALLIC FITTINGS, BENDS

MITERS, LAPS, AND BRANCH
CONNECTIONS

Paragraphs A306.1 and A306.2 apply.
MA306.3.

MA306.3 Miter Bends

bee para.

MA301 DESIGN CONDITIONS
Paragraph A301 applies in its entirety.

MA302 DESIGN CRITERIA

Paragraphs A302.1 and A302.4 apply. See paras.
MA302.2 and MA302.3.
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Miter bends not designated as fittings conforming to
para. A306.1 shall not be used.

MA306.4 Fabricated Laps

Fabricated laps shall not be used.

MA306.5 Fabricated Branch Connections

Nonmetallic fabricated branch connections shall not be
used.
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MA307 VALVES AND SPECIALTY COMPONENTS
Paragraph A307 applies, except that nonmetallic valves

and specialty components shall not be used.

MA308 FLANGES, BLANKS, FLANGE FACINGS,
AND GASKETS

Paragraphs A308.1, 308.3, and A308.4 apply in their
entirety. See para. MA308.2.

MA318 SPECIAL JOINTS
Paragraph A318 applies in its entirety.

PART 15
FLEXIBILITY AND SUPPORT OF NONMETALLIC
PIPING

MA319 PIPING FLEXIBILITY

MA308.2 Nonmetallic Flanges

Threaded nonmetallic flanges shall not be used.

MA309 BOLTING
Paragrdph A309 applies in its entirety.

PART 14
FLUID SERVICE REQUIREMENTS FOR
NONMETALLIC PIPING JOINTS

MA310 GENERAL
Paragrdph 310 applies in its entirety.

MA311 BONDED JOINTS
MA311.1|General
Paragrdph A311.1 applies in its entirety.

MA311.2| Specific Requirements

Hot gag welded, heat fusion, solvent cementéd, and
adhesive honded joints are not permitted exeeptin linings.

MA312 FLANGED JOINTS

Paragrdph 312 applies in its entirety.

MA313 EXPANDED JOINTS

Expandgd joints shatl“not be used.

MA314 THREADED JOINTS
MA314.1| General

Paragraph A319 applies in its entirety.

MA321 PIPING SUPPORT
Paragraph A321 applies in its entirety.

PART'16
NONMETALLIC AND-NONMETALLIC-LINED
SYSTEMS

MA322 SPECIFIC PIPING SYSTEMS
Paragraph A322 applies in its entirety.

PART 17
NONMETALLIC MATERIALS

MA323 GENERAL REQUIREMENTS

Paragraph A323.1 applies with the additional require-
ment described in para. MA323.1.2. Paragraph AB23.2
applies in its entirety. See para. MA323.4.

MA323.1.2 Unlisted Materials. Paragraph 3743.1.2
applies with the additional requirement that the degigner
shall fully document the determination of allowable
stresses as part of the engineering design.

MA323.4 Fluid Service Requirements for
Nonmetallic Materials

Paragraph A323.4.1 applies. See paras. MA323.42 and
MA323.4.3.

MA323.4.2 Specific Requiremepts.
Paragraph A323.4.2 applies, except that mate¢rials
listed under paras. A323.4.2(a), A323.4.2(b)l and

Threaded joints shatt mot be used:

MA315 TUBING JOINTS IN NONMETALLIC PIPING
Paragraph A315 applies in its entirety.

MA316 CAULKED JOINTS

Caulked joints shall not be used.

A323.4.2(d) may be used only as linings. Thermoplastics
may be used as gaskets in accordance with paras. M325.1
and MA323.4.3.

MA323.4.3 Nonmetallic Lining Materials.
Paragraph A323.4.3 applies with the additional require-
ment that where a material in para. A323.4.2 is used as a
lining that also serves as a gasket or as part of the flange
facing, consideration shall be given to design of the flanged
joint to prevent leakage to the environment.
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PART 18 PART 20
STANDARDS FOR NONMETALLIC AND INSPECTION, EXAMINATION, TESTING, AND
NONMETALLIC-LINED PIPING COMPONENTS RECORDS OF NONMETALLIC AND

NONMETALLIC-LINED PIPING
MA326 DIMENSIONS AND RATINGS OF
COMPONENTS MA340 INSPECTION

Paragraph A326 applies in its entirety. Table A326.1 Paragraph 340 applies in its entirety.
applies, except for components and systems prohibited

or restricted-elsewhereinthis Chapter——————————— MA4T EXAAMINATION
Paragraph A341 applies in its entirety.
PART 19

FABRICATION, ASSEMBLY, AND ERECTION OF  MA341.1 General

NONMETALLIC AND NONMETALLIC-LINED PIPING Paragraphs 341.1, 341.2, A341.3; and A341p apply in
their entirety. See para. MA341.4.

MA327 GENERAL
Parjagraph A327 applies in its entirety.

MA341.4 Extent of Required Examination

Paragraph A341.4:1. applies, except as folloyvs:
(a) Visual Examination

MA3?8 BONDING OF PLASTICS (1) All fabrication shall be visually examjned.

Parjagraph A328 applies in its entirety. (2) Allcbelted and other mechanical joings shall be
examined:
MA329 FABRICATION OF PIPING LINED WITH
NONMETALS MA342 EXAMINATION PERSONNEL

Parfagraph A329 applies in its entirety. Paragraph 342 applies in its entirety.
MA332 BENDING AND FORMING MA343 EXAMINATION PROCEDURES

Parfagraph A332 applies in its entirety. Paragraph 343 applies in its entirety.
MA334 JOINING NONPLASTIC PIPING MA344 TYPES OF EXAMINATION

Parlagraph A334 applies in its entirety. Paragraph A344 applies in its entirety.
MA335 ASSEMBLY AND ERECTION MA345 TESTING

Paijagraph A335 applies inits entirety. Paragraph A345 applies except that

(a) asensitive leak test in accordance with plara. 345.8
shall be included in the required leak test (parp. A345.1)
(b) the initial service leak test (para. A345.7]) does not

apply

MA346 RECORDS
Paragraph 346 applies in its entirety.

123
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Chapter IX
High Pressure Piping

K300 GdN ERAL STATEMENTS

(a) Chdpter IX provides alternative rules for design and
construction of piping designated by the owner as being in
High Pregsure Fluid Service. See para. 300(b)(1) and
Appendix(M.

(1) Use of this Chapter is permitted only when the
owner depignates the piping as being in High Pressure
Fluid Seryice. When piping is so designated, the require-
ments of this Chapter apply in their entirety.

(2) There are no pressure limitations for the appli-
cation of these rules. See Appendix F, para. FK300.

(b) Rejponsibilities. In addition to the responsibilities
stated in para. 300(b)

(1) for piping designated as being in High Pressure
Fluid Service, the owner shall provide all system opera-
tions infofmation necessary for the designer to perform
the analyges and testing required by this Chapter

(2) the designer shall make a written report to the
owner summmarizing the design calculations and certifying
that the design has been performed in accordance with
this Chapter

(c) The organization, content, and, wherever, pessible,
paragraph designations of this Chapter correspond to
those of the base Code (Chapters I through VI). The
prefix K i$ used.

(d) Provisionsandrequirements ofthe base Code apply
only as stated in this Chapter.

(e) Paiagraphs 300(a) and(300(c) through 300(f)

apply.
K300.1 Scope

K300.1/1 Content:and Coverage. Paragraph 300.1.1
applies with the\éxCeptions stated in paras. K300.1.3
and K300}1.6¢

K300.1.2 ‘Packaged Equipment Piping. Intercon-

K300.1.6 Category M Fluid Service. This Chpapter
makes no provision for piping in Category|M [Fluid
Service. If such piping is required by the owner, thel engi-
neering design shall be developed a$ provided in
para. 300(c)(5).

K300.2 Definitions

Paragraph 300.2 appliesexcept for terms relating only
to nonmetals and severe;eyclic conditions.
The term “allowable stress” is used in lieu of basic 3llow-
able stress.
The term “safeguarding” and other terms charactefizing
hazardous fluid services are not used in this Chaptér but
should be taken into account in design.

K300.32Nomenclature
Paragraph 300.3 applies.

K300.4 Status of Appendices

Paragraph 300.4 and Table 300.4 apply, except for
Appendices A, B, H, L, R, S, V, and X.

PART 1
CONDITIONS AND CRITERIA

K301 DESIGN CONDITIONS

Paragraph 301 applies with the exceptions of paras.
301.2, 301.3, 301.4.2, 301.5, and 301.7.3.

K301.2 Design Pressure

K301.2.1 General. Paragraph 301.2.1 applies, gxcept
that references to para. 302.2.4 are not applicable and
refer to para. K304 instead of para. 304.

necting piping as described in para. 300.1.2 shall
conform to the requirements of this Chapter.

K300.1.3 Exclusions. In addition to the exclusions
stated in para. 300.1.3, this Chapter excludes nonmetallic
piping and piping lined with nonmetals.

K300.1.4 Units of Measure. Paragraph 300.1.4 applies.
K300.1.5 Rounding. Paragraph 300.1.5 applies.

K301.2.2 Required Pressure Containment or Relief.
Paragraphs 301.2.2(a) and 301.2.2(b) apply, but refer
to para. K322.6.3 instead of para. 322.6.3. Paragraph
301.2.2(c) is not applicable.

K301.3 Design Temperature

Paragraph 301.3 applies with the exceptions of paras.
301.3.1 and 301.3.2 and the following exceptions in the
text:

(a) Refer to para. K301.2 instead of para. 301.2.
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(b) Refer to para. K301.3.2 instead of para. 301.3.2.

K301.3.1 Design Minimum Temperature. Paragraph
301.3.1 applies, but refer to para. K323.2.2 instead of
para. 323.2.2.

K301.3.2 Uninsulated Components. The fluid
temperature shall be used as the component temperature.

K301.4 Ambient Effects

K302.2 Pressure-Temperature Design Criteria

K302.2.1 Listed Components Having Established
Ratings. Pressure-temperature ratings for certain
piping components have been established and are
contained in some of the standards in Table K326.1.
Unless limited elsewhere in this Chapter, those ratings
are acceptable for design pressures and temperatures
under this Chapter. With the owner’s approval, the
rules and limits of this Chapter may be used to extend

K301.4.2 Fluid Expansion Effects. Paragraph 301.4.2
appligs, except that reference to para. 322.6.3(b)(2) is not
appli¢able.

K301{5 Dynamic Effects

Paj
301.5,

K301.5.4 Vibration. Suitable dynamic analysis shall be
made| where necessary, to avoid or minimize conditions
thatl¢ad to detrimental vibration, pulsation, or resonance
effects in the piping.

agraph 301.5 applies with the exception of para.
4.

K301{7 Thermal Expansion and Contraction
Effects

K301.7.3 Loads Dueto Differences in Expansion Char-
acter|stics. Paragraph 301.7.3 applies, except that refer-
ence fo metallic-nonmetallic piping is not applicable.

DESIGN CRITERIA

.1 General

K302
K302

In para. K302, pressure-temperature ratings, stress
critefia, design allowances, and minimum design
valuefs are stated, and permissible variations of these
factofs as applied to design of high pressure piping
systems are formulated.

The¢ designer shall be satisfied.as to the adequacy of the
desigh, and of materials and-their manufacture, consid-
ering|at least the following:

(a)| tensile, compréssive, flexural, and shear strength at
desigh temperatute

(b)| fatigue strength

(c)|designistress and its basis

(d)| ductility and toughness

(e)| possible deterioration of mechanical properties in

the pressure-temperature ratings of acedmponent
beyond the ratings of the listed standard, but not
beyond the limits stated in para. K323:2:

K302.2.2 Listed Components. Not Having Specific
Ratings

(a) Piping components for which design str¢sses have
been developed in accordance with para. K302.3, but that
do not have specific préssure-temperature ratlings, shall
be rated by rules far pressure design in para. K304, within
the range of tempebatures for which stresses ar¢ shown in
Table K-1, modified as applicable by other rujes of this
Chapter.

(b) Riping components that do not have
stresses or pressure-temperature ratings shal
fied’for pressure design as required by para.

hllowable
be quali-
K304.7.2.

K302.2.3 Unlisted Components. Piping co
not listed in Table K326.1 may be used sub
of the following requirements:

(a) The material shall comply with para. K

(b) The designer shall be satisfied that the
suitable for the intended service.

(c) Pressure-temperature ratings shall be e
in accordance with the rules in para. K304.

(d) Fatigue analysis shall be performed as r¢
para. K304.8.

mponents
ect to all

B23.
design is

stablished

quired by

K302.2.4 Allowance for Pressure and Temperature
Variations. Variations in pressure, temperature, or
both above the design conditions, except during pres-
sure-relieving events (see para. K322.6.3], are not
permitted for any piping system. The design pressure
and design temperature resulting in the most sgvere coin-
cident pressure and temperature shall determine the
design conditions. See paras. K301.2 and K30[L.3.

K302.2.5 Ratings at Junction of Different

Services.

service
(f) thermal properties
(g) temperature limits
(h) resistance to corrosion and erosion
(i) fabrication methods
(j) examination and testing methods
(k) hydrostatic test conditions
() bore imperfections

125

Paragraph 302.2.5 applies.

K302.3 Allowable Stresses and Other Design
Limits
K302.3.1 General. The allowable stresses defined

below shall be used in design calculations unless modified
by other provisions of this Chapter.

(20)
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(a) Tension. Allowable stresses in tension for use in
design in accordance with this Chapter are listed in
Table K-1, except that maximum allowable stress
values and design stress intensity values for bolting,
respectively, are listed in ASME BPVC, Section II, Part
D, Tables 3 and 4.

The tabulated stress values in Table K-1 are grouped
by materials and product form and are for stated tempera-
tures up to the limit provided for the materials in para.
K323.2.1. Straight Hine-interpolationbetween—tempera
tures to determine the allowable stress for a specific
design temperature is permissible. Extrapolation is not
permitted,

(b) Shear and Bearing. Allowable stress in shear shall
be 0.57 tijnes S,,. Allowable stress in bearing shall be 1.0
times S, [See para. K302.3.2(b) for definition of S,,.

(c) Compression. Allowable stress in compression shall
be no grefter than the allowable stress in tension tabu-
lated in Thble K-1. Consideration shall be given to struc-
tural stabjlity.

(d) Fdtigue. Allowable values of stress amplitude,
which arfe provided as a function of design life in
ASME BPYC, Section VIII, Division 3, Article KD-3, may
be used|in fatigue analysis in accordance with
para. K30¢.8.

K302.3.2 Bases for Allowable Stresses. The bases for
establishing allowable stress values for materials in this
Chapter afe as follows:

(a) Bdlting Materials. The criteria of ASME BPVC,
Section Il, Part D, Appendix 2, 2-120 or 2-130, ek
Section VIII, Division 3, Article KD-6, KD-620, as appliea-
ble, applyj

(b) Other Materials. Allowable stress values at
temperatifire for materials other than bolting ‘materials
shall not|exceed the lower of the values calculated
from egs. [31a) and (31b). S, and S, shall'be determined
in accordance with eqgs. (31d) and(31c), except that S,
and S, shall not exceed St and(Sy, Tespectively.

Ry = ratio of the average temperature dependent
trend curve value of tensile strength to the
room temperature tensile strength

Ry = ratio of the average temperature dependent
trend curve value of yield strength to the
room temperature yield strength

S = allowable stress

St = specified minimum tensile strength at room

temperature

Sy = specified minimum yield strength-atyfoom

temperature

S,¢ = yield strength at temperature

(c) Unlisted Materials. For a material‘that conforjms to
para. K323.1.2, allowable stress values at temperature
shall be calculated in accordarcé, with (b).

(1) Except as providediin®(2), S, and S, shpll be
determined in accordancée-with eqs. (31d) and (31c),
respectively.

(2) If the tensile'and yield strengths at tempefature
for an unlisted .material are contained in ASME BPVC,
Section 11, Part'D, Tables U-1 and Y-1, respectjvely,
those tensilezand yield strengths at temperature yalues
may be used directly in the determination of allowable
stress.

(d)> Cyclic Stresses. Allowable values of alterrating
stress shall be in accordance with ASME BPVC, S¢ction
V111, Division 3, Article KD-3.

K302.3.3 Castings.! Cast piping components|shall
conform to all of the following requirements:

(a) All surfaces shall have a roughness average, R,, not
greater than 6.3 pm R, (250 pin. R,); see ASME B46.] for a
definition of R,,.

(b) All nonferromagnetic surfaces shall be exathined
using the liquid penetrant method in accordancg with
ASTM E165, with acceptability judged in accordlance
with MSS SP-93, Table 1. All ferromagnetic suifaces
shall be examined using either the liquid pendtrant
method or the magnetic particle method, in accorflance
with ASTM E165 or ASTM E709, respectively. A¢cept-
ability of imperfections, including those in |weld
repairs, shall be judged in accordance with MSS §P-93,
Table 1 or MSS SP-53, Table 1, respectively.

(c) Each casting shall be fully examined either ulfraso-
nir‘:\"y inaccordancewith ASTM E114 gor rqdingr:\p]” lcally

= ﬁsyt (31a)

S = l(s +S ) (31b)
S\ Sut T 5y

Sy = SyRy (310)

S, = LIS{Ry (31d)

where

in accordance with ASTM E94. Cracks and hot tears (Cate-
gory D and E discontinuities in accordance with the stan-
dards listed in Table K302.3.3D) and imperfections whose
depths exceed 3% of nominal wall thickness are not
permitted. Acceptable severity levels for radiographic
examination of castings shall be in accordance with
Table K302.3.3D.

1See Notes to Tables 302.3.3C and 302.3.3D for titles of standards
referenced herein.
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Table K302.3.3D Acceptable Severity Levels for Steel

Castings
Acceptable Acceptable
Thickness Applicable  Severity Discontinuity
Examined, mm (in.) Standards Level Categories
T <51(2) ASTM E446 1 A B, C
S1 < T < 114(4.5) ASTM E186 1 A B C
114 < T < 305(12)  ASTM E280 1 A B, C

K302.3.6 Limits of Calculated Stresses Due to Occa- (20)

sional Loads

(a) Operation. Stresses due to occasional loads may be
calculated using the equations for stress due to sustained
loads in para. K320.2. The sum of the stresses due to
sustained loads, such as pressure and weight, S;, and
of the stresses produced by occasional loads, such as
wind and earthquake, shall not exceed 1.2 times the allow-
able stress provided in Table K-1. Wind and earthquake

K392.3.4 Weld Joint Quality Factor. Piping compo-
nentg containing welds shall have a weld joint quality
factorf E; = 1.00 (see Table 302.3.4), except that the accep-
tance|criteria for these welds shall be in accordance with
para., K341.3.2. Spiral (helical seam) welds are not
permijtted.

K3p2.3.5 Limits of Calculated Stresses Due to
Sustdined Loads and Displacement Strains

(a)
press
of the
the r¢

(b)
press
of the
the r¢

()
tosus
(seeq
able s
for th
ness
thicki
allow|

Internal Pressure Stresses. Stresses due to internal
Lire shall be considered safe when the wall thickness
piping component, and its means of stiffening, meet
quirements of para. K304.

External Pressure Stresses. Stresses due to external
Lire shall be considered safe when the wall thickness
piping component, and its means of stiffening, meet
quirements of para. K304.

Stresses Due to Sustained Loads, S; The stresses due
tained loads, S;, in any componentin a piping syStem
ara. K320) shall not exceed S, where Sy, is the allow-
tress provided in Table K-1 at the metal tetaperature
e operating condition being considered) The thick-
bf pipe used in calculating S; shall be the nominal
hess minus the mechanical, corresion, and erosion
Ance, C.

forces need not be considered as acting concyrrently.
(b) Test. Stresses due to test conditions@retjot subject
to the limitations in para. K302.3. It isnnot nefessary to
consider other occasional loads, such.as'wind and earth-
quake, as occurring concurrently/with test logds.

K302.4 Allowances

In determining the minimum required thic
piping component, allowances shall be included;
sion, erosion, and thread or groove depth. See
tion of ¢ in para.(K304.1.1(b).

kness of a
for corro-
the defini-

K302.5 Mechanical Strength
Paragraph 302.5 applies.

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

K303 GENERAL

Components manufactured in accordance
dards listed in Table K326.1 shall be considere
for use at pressure-temperature ratings in a
with para. K302.2.

with stan-
d suitable
rcordance

K304 PRESSURE DESIGN OF HIGH PRESSURE

(d)| Allowable Displacement Stress Range, S,. The
computed displacement stress range, Sg, in a piping COMPONENTS
system (see para. 319.4.4J shall not exceed the allowable K304.1 Straight Pipe
displgcement stress range, S, (see para. 319.2.3), calcu-
lated |by K304.1.1 General
Sy= 1258, + 0.25Sy, (32) (a) The required wall thickness of straight dections of
pipe shall be determined in accordance with ¢q. (33).
wherp . tp=t+c (33)
S .| =_allowable stress from Table K-1 at minimum
metal temperature expected during the displace- Theminimum-wall-thickness T-for-the-pipt selected,
ment cycle under analysis considering manufacturer’s minus tolerance, shall be not
S n = allowable stress from Table K-1 at maximum  |egg than ¢,,.

metal temperature expected during the displace-
ment cycle under analysis
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(b) The following nomenclature is used in the equation
for pressure design of straight pipe:
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= Cit+Cy

or
. d+2(T -
the sum of mechanical allowances® (thread or P=SxIn M} (35b)
groove depth) plus corrosion and erosion allow- d+ 2
ances (where c; = the sum of internal allowances
and ¢, = the sum of external allowances). For ~ Where
threaded components, the nominal thread D = outside diameter of pipe. For design calculations in
depth (dimension h of ASME B1.20.1 or equiva- accordance with this Chapter, the outside
lent) shall apply, except that for straight threaded diameter of the PIpe 1S th? maximum value allow-
connectionstheexternalthreadgroovedepth able under the specifications.
nged not be considered provided d = inside diameter of pipe. For design calculatipns in
(1) it does not exceed 20% of the wall thick- accordance with this Chapter, the inside diameter
ness of the pipe is the maximum value allowable finder
(2) the ratio of outside to inside diameter, Fhe spec1f1ca.t10ns.
DYd, is greater than 1.1 P = internal design gage pressure
(3) the internally threaded attachment S = allowable stress from Table.K-1
T = pipe wall thickness (meéastired or minimyim in

provides adequate reinforcement

(4) thethread plus the undercut area, if any,
dpes not extend beyond the reinforcement for a
distance more than the nominal wall thickness of
the pipe

t = pressure design wall thickness, as calculated in
pfra. K304.1.2 for internal pressure, or in accor-
dfince with the procedure listed in para. K304.1.3
fqr external pressure

tm = miinimum required wall thickness, including
nlechanical, corrosion, and erosion allowances

Adequate|reinforcement by the attachment is defined as
that necedsary to ensure that the static burst pressure of
the connettion will equal or exceed that of the unthreaded
portion of the pipe. The adequacy of the reinforeegment
shall be spibstantiated as required by para. K304,7.2.

K304.12 Straight Pipe Under Internal Pressure. The
internal pressure design wall thickness, ¢ shall be not less
than that alculated in accordance with eq. (34a) for pipe
with a splecified outside diameter and minimum wall
thickness| or eq. (34b) for pipé€ with a specified inside
diameter pnd minimum wall thjckness®

(34a)

or

S 4+ 2 [e(_P/S)—I] (34b)

2

accordance with thepurchase specification)

K304.1.3 Straight Pipe Under External Pressuré¢. The
pressure designdhickness for straight pipe under exfernal
pressure shall be determined in accordance|with
para. K304.1:2. Straight pipe under external pressure
shall alsonmeet the criteria against buckling given in
ASME-BPVC, Section VIII, Division 3, Article KD-2, K[}-222.

K304.2 Curved and Mitered Segments of Pipge

K304.2.1 Pipe Bends. The minimum required wall
thickness, t,,,, of a bend, after bending, may be determined
as for straight pipe in accordance with para. K304.1,
provided that the bend radius of the pipe centerline is
equal to or greater than ten times the nominal pipe
outside diameter and the tolerances and strain }imits
of para. K332 are met. Otherwise the design shall belqual-
ified as required by para. K304.7.2.

K304.2.2 Elbows. Manufactured elbows not in gccor-
dance with para. K303 and pipe bends not in accorflance
with para. K304.2.1 shall be qualified as required by| para.
K304.7.2.

K304.2.3 Miter Bends. Miter bends are not perngitted.
K304.2.4 Curved Segments of Pipe Under Ex{rnal

Pressure. The wall thickness of curved segments of
pipe subjected to external pressure may be determined

Alternatively, the internal design gage pressure, P, may
be calculated by eq. (35a) or (35b)>

D — 2c

_PT (35a)
D - Z(T - Ci)

P=SXIn

2 For machined surfaces or grooves where the tolerance is not speci-
fied, the tolerance shall be assumed to be 0.5 mm (0.02 in.) in addition to
the specified depth of the cut.

as specified for straight pipe in para. K304.1.3.

K304.3 Branch Connections

K304.3.1 General. Acceptable branch connections
include a fitting in accordance with para. K303, an
extruded outlet in accordance with para. 304.3.4, or a

3 Any mechanical, corrosion, or erosion allowance, ¢, not specified as
internal, ¢; or external, ¢, shall be assumed to be internal, i.e.,c=c;and ¢,
= 0.

(20)
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branch connection fitting (see para. 300.2) similar to that
shown in Figure K328.5.4.

K304.3.2 Strength of Branch Connections

(a) The opening made for a branch connection reduces
both static and fatigue strength of the run pipe. There shall
be sufficient material in the branch connection to contain
pressure and meet reinforcement requirements.

(b) Static pressure design of a branch connection notin
accotr]
for an] extruded outlet or shall be qualified as required by
para.|K304.7.2.

K304.3.3 Reinforcement of Welded Branch Connec-
tiong. Branch connections made as provided in
para.|304.3.3 are not permitted.

K304.4 Closures
(1)

below

(b)
meth
ASMH
ASMH

Closures not in accordance with para. K303 or (b)
r shall be qualified as required by para. K304.7.2.
Closures may be designed in accordance with the
bds, allowable stresses, and temperature limits of
BPVC, Section VIII, Division 2 or Division 3, and
BPVC, Section II, Part D.

K3ozl.5 Pressure Design of Flanges and Blanks
K304.5.1 Flanges — General

(a)

below

(b)

meth

Flanges not in accordance with para. K303 or (b)
r shall be qualified as required by para. K304.7.2.

A flange may be designed in accordance with the
bds, allowable stresses, and temperature limits of

ASMH BPVC(, Section VIII, Division 2, Part(4,,para. 4.16,
or Pafrt 5, or Division 3, Article KD-6, and ASME BPVC,
Sectign II, Part D.

K304.5.2 Blind Flanges

(a)| Blind flanges not in agcerdance with para. K303 or
(b) or (c) below shall be/qualified as required by para.
K304(7.2.

(b)| A blind flange‘nray be designed in accordance with
eq. (36). The thickness of the flange selected shall be not
lessthant,, (see para. K304.1.1 for nomenclature), consid-
ering|manufactaring tolerance

ty=t+c¢ (36)

ffance witlTpara. K303 shall conform o para. 304-3% K304.6 Reducers

(c) Ablind flange may be designed in accordance with
the rules, allowable stresses, and temperature limits of
ASME BPVC, Section VIII, Division 3, Article KD-6 and
ASME BPVC, Section II, Part D.

K304.5.3 Blanks. Design of blanks shall be in accor-
dance with para. 304.5.3(b), except that E shall be 1.00
and the definitions of S and c¢ shall be in accordance
with para. K304.1.1.

Reducers not in accordance with para-K30B shall be

qualified as required by para. K304.7.2]

K304.7 Pressure Design of Other Compopents

K304.7.1 Listed Components. Other p
containing components ananufactured in ad
with standards in Table K326.1 may be utilizec
dance with para. K303:

ressure-
cordance
in accor-

K304.7.2 Unlisted Components. Pressure
unlisted components to which the rules elsg
para. K304ydo not apply shall be based on the
design criteria of this Chapter. The designer sh
that the)pressure design has been substantiate
oneyor more of the means stated in (a), (b), and
Note that designs are also required to be ch
adequacy of mechanical strength as describe
K302.5.

(a) extensive, successful service experience under
comparable design conditions with similarly propor-
tioned components made of the same or like material.

(b) performance testing sufficient to substarjtiate both
the static pressure design and fatigue life at the intended
operating conditions. Static pressure desigh may be
substantiated by demonstrating that failure or|excessive
plastic deformation does not occur at a pressufe equiva-
lent to two times the internal design pressure, P. The test
pressure shall be two times the design pressure multiplied
by the ratio of allowable stress at test temperature to the
allowable stress at design temperature, and by:fne ratio of
actual yield strength to the specified minimum yield
strength at room temperature from Table K-1

(c) detailed stress analysis (e.g., finite element method)
with results evaluated as described in ASME BPVC, Section
VIII, Division 3, Article KD-2, except that for lingar elastic

where in

pressure
all ensure
d through
(c) below.
ecked for
d in para.

The methods, allowable stresses, and temperature
limits of ASME BPVC, Section VIII, Division 2, Part 4,
para. 4.6 may be used, with the following changes in
nomenclature, to calculate t,,:

¢ = sum of mechanical allowances, defined in

para. K304.1.1

t = pressure design thickness as calculated for the

given style of blind flange using the appropriate
equation of ASME BPVC, Section VIII, Division 2,
Part 4, para. 4.6

129

amatysts;the Bivistorr 3—stress—intensity Hmits due to
combined sustained and occasional loads may be
increased by the same factor applied in para. K302.3.6(a).

(d) for (a), (b), and (c) above, interpolations supported
by analysis are permitted between sizes, wall thicknesses,
and pressure classes, as well as analogies among related
materials with supporting material property data. Extra-
polation is not permitted.

design of (20)
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K304.7.3 Components With Nonmetallic Parts.
Gaskets, packing, seals, and valve seats that meet the ap-
plicable requirements of para. A302.1 may be used. Other
nonmetallic parts are not permitted.

K304.7.4 Expansion Joints. Expansion joints are not
permitted.

K304.8 Fatigue Analysis

K304.8 atigue ana :
performegl on each piping system, including all compo-
nents* and joints therein, and considering the stresses
resulting from attachments, to determine its suitability
for the cytlic operating conditions® specified in the engi-
neering design. Except as permitted in (a) and (b) below,
orin paras. K304.8.4 and K304.8.5, this analysis shall be in
accordande with ASME BPVC, Section VIII, Division 3.° The
cyclic congdlitions shall include pressure variations as well
as thermdl variations or displacement stresses. The re-
quirements of para. K304.8 are in addition to the require-
ments for] a flexibility analysis stated in para. K319. No
formal fatigue analysis is required in systems that

(a) are|duplicates of successfully operating installa-
tions or replacements without significant change of
systems with a satisfactory service record or

(b) canfreadily be judged adequate by comparison with
previously analyzed systems

eneragd A gllLe N 0

K304.8

(a) Thg
associate
stress int

2 Amplitude of Alternating Stress

values of the alternating stress intensity, the
I mean stress, and the equivalent alternating
ensity shall be determined in accordance with
ASME BPYC, Section VIII, Division 3, Articles KD-2 and
KD-3. Theg allowable amplitude of the equivalent alter-
nating stitess shall be determined from the applicable
design fatigue curve in Article KD-3.

(b) Ifitjcan be shown that the piping'component will fail
in a leak-hefore-burst mode, the number of design cycles
(design fafigue life) may be calculated in accordance with
either ASNIE BPVC, Section ¥}, Division 3, Article KD-3 or
Article KD}-4. If a leak-before-burst mode of failure cannot
be shown| the fracture.mechanics evaluation outlined in
Article KI)-4 shallhe used to determine the number of
design cy¢les of the“component.

(c) Additieinal Considerations. The designer is
cautioned| that the considerations listed in para. K302.1

K304.8.3 Pressure Stress Evaluation for Fatigue
Analysis

(a) For fatigue analysis of straight pipe, eq. (37) may be
used to calculate the stress intensity” at the inside surface
due only to internal pressure

2
S= PD (37)
2(T = ¢)[D — (T — ¢)]
bFeorfatigue-analysis-ofeury et may be
used, with the dimensions of the straight pipe fromywhich

itwas formed, to calculate the maximum stress inténfity at
the inside surface due only to internal pressure, provided
that the centerline bend radius is not less.than ten [times
the nominal outside diameter of the-pipe, and that the
tolerance and strain limits of‘para. K332 are| met.
Bends of smaller radius shall'be qualified as required
by para. K304.7.2.

(c) 1If the value of S caleculated by eq. (37) exceeds two
times S, at the average temperature during the loading
cycle, an inelastic analysis shall be performed. See|para.
K302.3.2(b) forthe.definition of Sy.

K304.8.4 Fatigue Evaluation by Test. With the
owner’s approval, the design fatigue life of a comppnent
may be-established by destructive testing in accorflance
withpara. K304.7.2 in lieu of the above analysis require-
ments.

K304.8.5 Extended Fatigue Life. The design fatigpie life
of piping components may be extended beyond that dleter-
mined by ASME BPVC, Section VIII, Division 3, Articlg KD-3
by the use of one of the following methods, providefl that
the component is qualified in accordance (with
para. K304.7.2:

(a) surface treatments, such as improved surface

(b) prestressing methods, such as autofrettage
peening, or shrink fit

The designer is cautioned that the benefits of preptress
may be reduced due to thermal, strain softening, or|other
effects.

finish
shot

PART 3
FLUID SERVICE REQUIREMENTS FOR PIPI
COMPONENTS

may reduce the fatigue life of the component below
the value predicted by para. (a) or (b) above.

*Bore imperfections may reduce fatigue life.

5Ifthe range of temperature change varies, equivalent full temperature
cycles N may be computed using eq. (1d) in para. 302.3.5.

6 Fatigue analysis in accordance with ASME BPVC, Section VIII, Division
3 requires that stress concentration factors be used in computing the
cyclic stresses.

130

K305 PIPE

Pipe includes components designated as tube or tubing
in the material specification, when intended for pressure
service.

7The term “stress intensity” is defined in ASME BPVC, Section VIII,

Division 3.

(20)
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Table K305.1.2 Required Ultrasonic or Eddy Current
Examination of Pipe and Tubing for Longitudinal Defects

(b) Threaded fittings are permitted only in accordance
with para. K314.
(c) Branch connection fittings (see para. 300.2) whose

Examination Paragraph -
Diameter, mm (in.) Required Reference design has been performance tested successfully as
d<32 (%) or None required by para. K304.7.2(b) may be used within
D <64 (%) their established ratings.
3.2 (%) <d <175 (*%e) Eddy current (ET) K344.8 or .
and 6.4 (%)<D<254(1)  [Note (1)] or K344.6 K306.2 Pipe Bends
ultrasonic (UT) K306.2.1 General. A bend made in accordance with
d > 1755 er-D>254—Ultrasenie(UE) K344-6 .
&) v e para. K33Z.2 and verified for pressure design in accor-
dance with para. K304.2.1 shall be sudtable for the
NOTE:| (1) This examination is limited to cold drawn austenitic stain- same service as the pipe from which itis)made.

less stgel pipe and tubing.

K301.1 Requirements

K3
less d
joint
with
weldd

K395.1.2 Additional Examination. Pipe and tubing
shall have passed a 100% examination for longitudinal
defects in accordance with Table K305.1.2. This examina-
tion is in addition to acceptance tests required by the
material specification.

5.1.1 General. Pipe and tubingshall be either seam-
r longitudinally welded with straight seam and a
quality factor E; = 1.00, examined in accordance

Note (2) of Table K341.3.2. Spiral (helical seam)
are not permitted.

K305.1.3 Heat Treatment. Heat treatment, if required,
shall pe in accordance with para. K331.

K3
tubi
para.

5.1.4 Unlisted Pipe and Tubing. Unlisted pipe and
g may be used only in accordance with
K302.2.3.

K304 FITTINGS, BENDS, AND-BRANCH
CONNECTIONS

Piple and other materials.used in fittings, bends, and
brangh connections shalkbe suitable for the manufac-
turing or fabrication process and otherwise suitable
for the service.

K30(1.1 Pipe Fittings

K306.1:1 General. All castings shall have examination

and agceptdnce criteria in accordance with para. K302.3.3.

K306.2.2 Corrugated and Other Bends. Ben
design (such as creased or corrugated) are not

s of other
bermitted.

K306.3 Miter Bends

Miter bends are not-permitted.

K306.4 Fabricated or Flared Laps
Only forgedaps are permitted.

K306.5 Fabricated Branch Connections

Fabricated branch connections constructed b
shall be fabricated in accordance with para. K3
examined in accordance with para. K341.4.

y welding
P8.5.4 and

K307 VALVES AND SPECIALTY COMPON

The following requirements for valves shall a
as applicable, by other pressure-containing pipi
nents, e.g., traps, strainers, and separators
Appendix F, paras. F301.4 and F307.

K307.1 General

K307.1.1 Listed Valves. A listed valve is suitaple for use
in High Pressure Fluid Service, except as |stated in
para. K307.2.

K307.1.2 Unlisted Valves. Unlisted valves m
only in accordance with para. K302.2.3.

ENTS

so be met,
hg compo-
See also

hy be used

K307.2 Specific Requirements

K307.2.1 Bonnet Bolting. The bonnets jof bolted

bonnet valves shall be secured to their bodies by at
1

ack o ol
TCASTTOHTOO01tST

All wetdsstrattHrave awetdquatity factor £, =100, with
examination and acceptance criteria in accordance with
paras. K341 through K344. Spiral (helical seam) welds are
not permitted. Listed fittings may be used in accordance
with para. K303. Unlisted fittings may be used only in
accordance with para. K302.2.3.

K306.1.2 Specific Fittings
(a) Socket welding fittings are not permitted.

131

K307.2.2 Stem Retention. Paragraph 307.2.2 applies.

K308 FLANGES, BLANKS, FLANGE FACINGS, AND
GASKETS
K308.1 General

Pressure design of unlisted flanges shall be verified in
accordance with para. K304.5.1 or qualified as required by
para. K304.7.2.

(20)
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K308.2 Specific Flanges

K308.2.1 Threaded Flanges. Threaded flanges may be
used only within the limitations on threaded joints in
para. K314.

K308.2.2 Other Flange Types. Slip-on, socket welding,
and expanded joint flanges, and flanges for flared laps, are
not permitted.

(c) Examination shall be in accordance with
para. K341.4, with acceptance criteria as shown in
Table K341.3.2.

K311.2 Specific Requirements

K311.2.1 Backing Rings and Consumable Inserts.
Backing rings shall not be used. Consumable inserts
shall not be used in butt welded joints except when speci-
fied by the engineering design.

K308.3 Flange Facings

The flay]
the gaske

ge facing shall be suitable for the service and for
F and bolting employed.

K308.4 Gaskets

Gaskets
load is co
strength ¢
suitable fdq
shall be ¢

shall be selected so that the required seating
mpatible with the flange rating and facing, the
f the flange, and its bolting. Materials shall be
r the service conditions. Mode of gasket failure
bnsidered in gasket selection and joint design.

K308.5 Blanks

Blanks shall have a marking, identifying material, pres-
sure-temperature rating, and size, that is visible after
installatiofn.

K309 B(Q

Bolting
nuts, ang
ASME BP
Part 4, p
Appendix

LTING

including bolts, bolt studs, studs, cap screws,
washers, shall meet the requirements of
VC, Section VIII, Division 2, Part 3, para, 3.%
ara. 4.16; and Part 5, para. 5.7. Seecalso
F, para. F309, of this Code.

PART 4
SERVICE REQUIREMENTS FOR PIPING
JOINTS

FLUID

K310 GENERAL

hall be suitable.forthe fluid handled, and for the
temperature-and other mechanical loadings
n services

suchasiassembly and disassembly (if applica-
loading, vibration, shock, bending, and thermal
and contraction nfjninfc shall be considered in

Joints s
pressure-
expected

Factors
ble), cycli
expansio

K311.2.2 Fillet Welds. Fillet welds may be used onply for
structural attachments in accordance with thel require-
ments of paras. K321 and K328.5.2.

K311.2.3 Other Weld Types. Socket welds and seal
welds are not permitted.
K312 FLANGED JOINTS

Flanged joints shall be selected for leak tigh
considering the requirements of para. K308, f]
facing finish, and method of attachment. See also
F312.

K312.1 Joints Using Flanges of Different Raf
Paragraph 312.1 applies.

ness,
ange
para.

ings

K313-EXPANDED JOINTS

Expanded joints are not permitted.

K314 THREADED PIPE JOINTS

For the purposes of this paragraph, “pipe” doe
include tube or tubing.

K314.1 General

Except as provided in paras. K314.2 and K3
threaded pipe joints are not permitted.

(a) Layout of piping shall be such as to minimize ptrain
on threaded joints that could adversely affect sealing.

(b) Supports shall be designed to control or minfimize
strain and vibration on threaded joints and seals.

S not

14.3,

K314.2 Taper-Threaded Pipe Joints

(a) Taper-threaded pipe joints shall be used onfly for
instrumentation, vents, drains, and similar purqoses,

the engineering design.

K311 WELDED JOINTS
K311.1 General

Welds shall conform to the following:

(a) Welding shall be in accordance with para. K328.

(b) Preheating and heat treatment shall be in accor-
dance with paras. K330 and K331, respectively.

132

and shall be not larger than DN 15 (NP5 12).

(b) The nominal wall thickness of piping components
with external taper threads shall be at least as thick as that
specified for Schedule 160 in ASME B36.10M.

K314.3 Straight-Threaded Pipe Joints

K314.3.1 Joints With Seal Formed by Projecting Pipe.
Threaded joints where the threads are used to attach
flanges or fittings, and in which the pipe end projects
through the flange or fitting and is machined to form

(20)


https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

the sealing surface with a lens ring, cone ring, the mating
pipe end, or other similar sealing device, may be used. Such
joints shall be qualified in accordance with para. K304.7.2.

K314.3.2 Other Straight-Threaded Joints

(a) Other joints Using Components Conforming to Listed
Standards. Pipe joints may incorporate straight-threaded
fittings conforming to listed standards in Table K326.1,
provided the fittings

K317 SOLDERED AND BRAZED JOINTS
K317.1 Soldered Joints
Soldered joints are not permitted.

K317.2 Brazed and Braze Welded Joints

(a) Braze welded joints and fillet joints made with
brazing filler metal are not permitted.
(b) Brazed joints shall be made in accordance with

(fJare compatibie witiTtite pipe with which they are
used,|considering tolerances and other characteristics
?) comply with para. K302.2.1 or K302.2.2

Other Joints Using Components Not Conforming to
Standards. Other straight-threaded pipe joints (e.g.,
n comprising external and internal ends joined with
a thrgaded union nut, or other constructions shown typi-
cally In Figure 335.3.3) may be used. Such joints shall be
qualified by performance testing in accordance with para.
K304|7.2(b). Testing shall be conducted for each material
type/lgrade and heat treatment condition, component
configuration (e.g., elbow), size (e.g., NPS), and pressure
rating. Performance testing of joints in which the process
of mgking up the joint involves significant uncontrolled
loads|(e.g., hammer unions) shall include testing designed
to sirmulate actual loads.

(b)
Listed
a uniq

K315 TUBING JOINTS

K315{1 Flared End Tubing Joints

Fla
seal,
type (
other
shall

ed end tubing joints, whether the flare providésthe
arries the load, or both, may be used, provided the
ffitting selected is adequate for the desigh.pressure,
loadings, and the design temperature~The design
hlso be qualified in accordance with para. K304.7.2.

K315,2 Flareless Tubing Joints Using Components
Conforming to Listed Standards

Tubing joints may incerperate flareless type fittings
conforming to listed standards in Table K326.1, provided
the fiftings

(a)| are compatible with the tubing with which they are
used,|considering tolerances and other characteristics

(b)| complirwith para. K302.2.1 or K302.2.2

K315, 3 Flareless Tubing Joints Using Components

para. K333 and shall be qualified as required by para.
K304.7.2. Such application is the owner’s' riesponsibility.
The melting point of brazing alloys shall-be cpnsidered
when exposure to fire is possible.

K318 SPECIAL JOINTS

Special joints are thosewhot covered elsewh
Part.

K318.1 General

Joints may be used in accordance with para.
the requiremerits for materials and compone
Chapter.

bre in this

318.2 and
hts in this

K318.2" Specific Requirements

K318.2.1 Prototype Tests. A prototype joint[shall have
been subjected to performance tests in accordance with
para. K304.7.2(b) to determine the safety of the joint
under test conditions simulating all expectqd service
conditions. Testing shall include cyclic simulation.

K318.2.2 Prohibited Joints. Bell type and
joints are not permitted.

adhesive

PART 5
FLEXIBILITY AND SUPPORT

K319 FLEXIBILITY

Flexibility analysis shall be performed for eqch piping
system. Paragraphs 319.1 through 319.6 apply,|except for
para. 319.4.1(c). The computed displacement stfess range
shall be within the allowable displacement stregs range in
para. K302.3.5 and shall also be included in the fatigue
analysis in accordance with para. K304.8.

— Not Conforming to Listed Standards

Tubing joints may incorporate flareless type fittings not
conforming to listed standards in Table K326.1, provided
the type of fitting selected is adequate for the design pres-
sure, other loadings, and the design temperature, and
meets the requirements of para. K302.2.3.

K316 CAULKED JOINTS

Caulked joints are not permitted.

133

K320 ANALYSIS OF SUSTAINED LOADS
K320.1 Basic Assumptions and Requirements

Paragraph 320.1 applies, but refer to para. K302.3.5(c)
instead of para. 302.3.5(c).

K320.2 Stress Due to Sustained Loads

Paragraph 320.2 applies, except that references to
expansion joints are not applicable.

(20)
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K321 PIPING SUPPORT

Piping supports and methods of attachment shall be in
accordance with para. 321 except as modified below, and
shall be detailed in the engineering design.

K321.1 General

K321.1.1 Objectives. Paragraph 321.1.1 applies, but
substitute “Chapter” for “Code” in 321.1.1(a).

(a) The cumulative capacity of pressure relief devices
shall be sufficient to preventthe pressure fromrising more
than 10% above the design pressure at the operating
temperature during the relieving condition.

(b) System protection shall include one pressure relief
device with a set pressure at or below the design pressure
at the operating temperature for the relieving condition.
The set pressure of additional pressure relief devices shall
not exceed 105% of the design pressure.

K321.1 g4 Materiats: Paragrapit 32t -4 appiies, but
replace 321.1.4(e) with the following:

(e) Attjchments welded to the piping shall be of a mate-
rial compatible with the piping and the service. Other re-
quirements are specified in paras. K321.3.2 and
K323.4.2(p).

K321.3 Structural Attachments

K321.3
applies, b
and “Chay

2 Integral Attachments. Paragraph 321.3.2
ut substitute “K321.1.4(e)” for “321.1.4(e)”
ter IX” for “Chapter V.

PART 6
SYSTEMS

K322 SPECIFIC PIPING SYSTEMS
K322.3 |

K322.3|1 Definition. Instrument piping within the
scope of this Chapter includes all piping and piping comp6:
nents usedl to connect instruments to high pressure piping
or equipment. Instruments, permanently sealed.fluid-
filled tubjing systems furnished with instruments as
temperafure- or pressure-responsive.devices, and
control piping for air or hydraulically 0perated control
apparatug (not connected directly to, the high pressure
piping or|equipment) are not within the scope of this
Chapter.

strument Piping

K322.322 Requirements:Instrument piping within the
scope of|this Chapter‘shall be in accordance with
para. 322.3.2 except.that the design pressure and
temperatpire shall be determined in accordance with
para. K3(1, and thé requirements of para. K310 shall
apply. Ingtrumments, and control piping not within the
scope of this Chapter, shall be designed in accordance

PART 7
MATERIALS

K323 GENERAL REQUIREMENTS

(a) Paragraph K323 states limitations and reduired
qualifications for materials based’on their inherent prop-
erties. Their use is also subjeefto requirements elsewhere
in Chapter IX and in Table-K-1.

(b) Specific attentipn should be given to the manufac-
turing process torensure uniformity of propgrties
throughout each, piping component.

(c) See parai. K321.1.4 for support materials.

K323.1 Materials and Specifications
K323.1.1 Listed Materials

(a) Any material used in a pressure-containing piping
component shall conform to a listed specification, dxcept
as provided in (b) below or in para. K323.1.2.

(b) Materials manufactured to specification ed
different from those listed in Appendix E may be
provided

(1) the requirements for chemical compositiop and
heat-treatment condition in the edition of the specifi¢ation
to which the material was manufactured meet the require-
ments of the listed edition

(2) the specified minimum tensile and [yield
strengths, and, if applicable, the specified maximum
tensile and yield strengths, required by the two edjitions
of the specification are the same, and

(3) the material has been tested and examir
accordance with the requirements of the listed e
of the specification

A material that does not meet the requirements of
(b)(1), (b)(2), and (b)(3) may be evaluated as an unllisted

tions
used,

ed in
lition

with para. 322.3.

K322.6 Pressure-Relieving Systems
Paragraph 322.6 applies, except for para. 322.6.3.

K322.6.3 Overpressure Protection. Overpressure
protection for high pressure piping systems shall
conform to the following:
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material in accordance with para. K323.1.2.

K323.1.2 Unlisted Materials. An unlisted material may
be used, provided it conforms to a published specification
covering chemistry, physical and mechanical properties,
method and process of manufacture, heat treatment, and
quality control, and otherwise meets the requirements of
this Chapter. Allowable stresses shall be determined in
accordance with the applicable allowable stress basis
of this Chapter or a more conservative basis.
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K323.1.3 Unknown Materials. Materials of unknown
specification, type, or grade are not permitted.

K323.1.4 Reclaimed Materials. Reclaimed pipe and
other piping components may be used provided they
are properly identified as conforming to a listed specifi-
cation, have documented service history for the material
and fatigue life evaluation, and otherwise meet the re-
quirements of this Chapter. Sufficient cleaning and inspec-
tion shall be made to determine minimum wall thickness

range from design minimum temperature to design
(maximum) temperature, in accordance with para.
K323.2.4. However, the upper temperature limit shall
be less than the temperature for which an allowable
stress, determined in accordance with para. 302.3.2, is
governed by the creep or stress rupture provisions of
that paragraph.

K323.2.4 Verification of Serviceability

and freedom from defects that would be unacceptable in
the infjtended service.

K323.1.5 Product Analysis. Conformance of materials
to thg product analysis chemical requirements of the ap-
plicable specification shall be verified, and certification
shall |be supplied. Requirements for product analysis
are defined in the applicable materials specification.

K323.1.6 Repair of Materials by Welding. A material
defect may be repaired by welding, provided that all of the
following criteria are met:

(a)| The material specification provides for weld repair.

(b)| The welding procedure and welders or welding
operdtors are qualified as required by para. K328.2.

(c)| The repair and its examination are performed in
accoildance with the material specification and with
the owner’s approval.

K323.2 Temperature Limitations

The designer shall verify that materials that meet other
requirements of this Chapter are suitable for service
throughout the operating temperature range.

K323.2.1 Upper Temperature Limits, Listed Mate-
rials.|A listed material shall not be usedat a temperature
above the maximum for which a stresswalue is shown in
Appendix K, Table K-1.

(o) When an uniisted material 15 used, the
responsible for demonstrating the validityyef the allow-
able stresses and other design limits, and.of the approach
taken in using the material, including the deifivation of
stress data and the establishment, of temperatfire limits.

(b) Paragraph 323.2.4(b) applies except thatlallowable
stress values shall be determinéd in accordancewith para.
K302.3.

esigner is

K323.3 Impact Testing Methods and Acceptance
Criteria
K323.3.1%General. Except as proyided in
Table K323.3.1, Note (2), piping components and
welds wused in High Pressure Fluid Servicg shall be
subjected to Charpy V-notch impact testing. The testing
shall be performed in accordance with Tablg K323.3.1
on‘representative samples using the testing methods
described in paras. K323.3.2, K323.3.3, and |K323.3.4.
Acceptance criteria are described in para. K343.3.5.

K323.3.2 Procedure. Paragraph 323.3.2 applies.

K323.3.3 Test Specimens

(a) Each set of impact test specimens shall [consist of
three specimen bars. Impact tests shall be mfade using
standard 10 mm (0.394 in.) square crosf section
Charpy V-notch specimen bars oriented in the fransverse
direction.
does not
standard

does not
b) above,
prepared.

K323.2.2 Lower Temperature'Limits, Listed Materials (b) Where component size and/or shape

(a)| The design minimdm/temperature for listed mate- ~ permit specimens as specified in (a) above,
rials and their welds shall not be colder than the impact ~ 10 mm square cross-section longitudinal Chafpy speci-
test femperature~determined in accordance with mens may be prepared.
para. [K323.3.4(a)réxcept as provided in (b) or (c) below. (c) Where component size and/or shape

(b)| For listed materials and their welds subjected to ~ permit specimens as specified in (a) or (
neithpr lorigitudinal nor circumferential stress greater ~ subsize longitudinal Charpy specimens may be
than g1-MPa (6 ksi), the design minimum temperature Test temperature shall be reduced in accordpnce with
shall lnet-becolderthanthe lower of —46°C {~50°F)  Tahle 39334 See alsa Tahle K323 31, Nate

(2).

and the impact test temperature determined in accor-
dance with para. K323.3.4(a).

(c) For listed materials and their welds exempted from
Charpy impact testing by Table K323.3.1, Note (2), the
design minimum temperature shall not be colder than
-46°C (-50°F).

K323.2.3 Temperature Limits, Unlisted Materials. An
unlisted material acceptable under para. K323.1.2 shall be
qualified for service at all temperatures within a stated
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(d) Ifnecessaryin (a), (b),or (c) above, corners of speci-
mens parallel to and on the side opposite the notch may be
as shown in Figure K323.3.3.

K323.3.4 Test Temperatures. For all Charpy impact
tests, the test temperature criteria in (a) or (c) below
shall be observed.

(a) Charpy impact tests shall be conducted at a
temperature no warmer than the coldest of the following:

(1) 20°C (70°F)

(20)
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Table K323.3.1 Impact Testing Requirements

Test

Characteristics

Column A
Pipe, Tubes, and Components
Made From Pipe or Tubes

Column B
Other Components, Fittings, Etc.

Column C
Bolts

Tests on Number of tests | As required by the material specification, or one test set per lot [see Note (1)], whichever is greater, except as
Materials permitted by Note (2).

Location and (a) Transverse to the longitudinal | (a) Transverse to the direction (a) Bolts <52 mm (2 in.) nominal
orientation of |  axis, with notch parallel to of maximum elongation during size made in accordance with
specimens axis. [See Note (4).] rolling or to direction of ASTM A320 shall meet the
[see Note (3)] | (b) Where component size and/ major working during forging. impact requirements of that

or shape does not permit Notch shall be oriented parallel specification.
specimens as specified in (a) to direction of maximum (b) For all other bolts, fongifudinal
above, paras. K323.3.3(b), elongation or major working. specimens shall be taKen) The
(c), and (d) apply as needed. | (b) If there is no single identifiable impact values obtained shall
axis, e.g., for castings or meet the trahsverse valugs of
triaxial forgings, specimens Table K323.3.5.
shall either meet the
longitudinal values of Table
K323.3.5, or three sets of
orthogonal specimens shall be
prepared, and the lowest
impact values obtained from
any set shall meet the
transverse values of
Table K323.3.5.
(c) Where componeht size and/
or shape does«hot permit
specimens as,specified in (a)
or (b) above, paras. K323.3.3(c)
and (d)-apply as needed.
Tests o1} Test pieces Test pieces for preparation of impact specimeiis shall be made for each welding procedure, type of ele¢trode,
Welds if [see Note (5)] or filler metal (i.e., AWS E-XXXX classification) and each flux to be used. All test pieces shall be subject to
Fabricatign heat treatment, including cooling rates and aggregate time at temperature or temperatures, essentidlly the
or Assembly same as the heat treatment which the finished component will have received.

Number of test | (1) One test piece with a thicknéss T for each range of material thicknesses which can vary from % 7|to T +
pieces [see 6 mm (% in.).

Note (6)] (2) Unless otherwise specified in this Chapter [see Note (4)] or the engineering design, test pieces nged not
be made from individual material lots, or from material for each job, provided welds in other cdrtified
material of theysame thickness ranges and to the same specification (type and grade, not heat ¢r lot)
have been tested as required and the records of those tests are made available.

Location and (1) Weld metal' impact specimens shall be taken across the weld with the notch in the weld metal. Each
orientation specimenrshall be oriented so that the notch axis is normal to the surface of the material and one facg of the
of specimens specimeén shall be within 1.5 mm (% in.) of the surface of the material.

(2).Heat-affected zone impact specimens shall be taken across the weld and have sufficient length to|locate
the notch in the heat-affected zone, after etching. The notch shall be cut approximately normal|to the
material surface in such a manner as to include as much heat-affected zone material as possible|in the
resulting fracture.

(3) The impact values obtained from both the weld metal and heat-affected zone specimens shall{be
compared to the transverse values in Table K323.3.5 for the determination of acceptance critertfia.

NOTES:
1)

(2)
3)
(4

(5)
(6)

contin

Alot S,:Isll consist of pipe or components of the same nominal size, made from the same heat of material, and heat treated together. If a

ustype furnace is used, pipe or components may be considered to have been heat treated together if they are processed d

ring a

single continuous time period at the same furnace conartions.
Impact tests are not required when the maximum obtainable longitudinal Charpy specimen has a width along the notch less than 2.5 mm
(0.098 in.). See para. K323.2.2(c).
Impact tests shall be performed on a representative sample of material after completion of all heat treatment and forming operations
involving plastic deformation, except that cold bends made in accordance with para. K304.2.1 need not be tested after bending.

For longitudinally welded pipe, specimens shall be taken from the base metal, weld metal, and the heat-affected zone.

For welds in the fabrication or assembly of piping or components, including repair welds.
The test piece shall be large enough to permit preparing the number of specimens required by para. K323.3. If this is not possible, additional

test pieces shall be prepared.
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Figure K323.3.3 Example of an Acceptable Impact Test

Specimen

Note (1)

7.5 mm (0.30in.)

~
max. N
T
Z \

\a

(2) when the design minimum temperature is
warmer than or equal to -46°C (-50°F), the lowest compo-
nent temperature expected in service at which a material
or weld will be subjected to a longitudinal or circumfer-

ential stress greater than 41 MPa (6 ksi)
(3) when the design minimum temperatur

e is colder

than -46°C (-50°F), the design minimum temperature
(b) Inspecifying the temperatures in (a)(2) and (a)(3),

the following shall be considered:

) ranga of anarating canditionc
Faht ©

- 2.5 mm (0.10in.)

=)

/

(1
=7 ge-otr-eperatihg€€onaitens

(2) upset conditions
(3) ambient temperature extremes
(4) required leak test temperature
(c) Where the largest possible test speciy
width along the notch less than the lesser
the material thickness or 8m (0.315 in.)
shall be conducted at a réduced temperature

hen has a
f 80% of
, the test
in accor-

dance with Table 323,34, considering the teperature

as reduced below the test temperature requir

ed by (a).

GENERAL NOTE: This Figure illustrates how an acceptable trans- o
verse Charpy specimen can be obtained from a tubing or component K323.3.5 Acceptance Criteria
shape foo small for a full length standard specimen in accordance with (a) Minimium Energy Requirements for Matetials Other
ASTM A370. The corners of a longitudinal specimen parallel to and on /£ . L. .
. ) Than Bolting. The applicable minimum impact gnergy re-
the side opposite the notch may be as shown. . i A
quirenténts for materials shall be those $hown in
NOTE:{ (1) Corners of the Charpy specimen [see para. K323.3.3(d)] Tablé\K323.3.5. Lateral expansion shall be mgasured in
may follow the contour of the component within the dimension limits aeordance with ASTM A370 (for title §ee para.
shown|
Table K323.3.5 Minimum Required Charpy V-Notch Impact Values
Energy, ] (ft-Ibf) [Note (2)] for Specified Minimym Yield
Specimen Pipe Wall or Component ., Number of Specimens Strength, MPa (ksi)
Ori¢ntation Thickness, mm (in.) [Note (1)] <932 (<135) >932 (>135)
Transyerse <25 (=1) Average for 3 27 (20) 34 (25)
Minimum for 1 20 (15) 27 (20)
>25 and <54.(>7 and <2) Average for 3 34 (25) 41 (30)
Minimum for 1 27 (20) 33 (24)
>51_(>2) Average for 3 41 (30) 47 (35)
Minimum for 1 33 (24) 38 (28)
Longithdinal <25 (=1) Average for 3 54 (40) 68 (50)
Minimum for 1 41 (30) 54 (40)
>25 and <51 (>1 and <2) Average for 3 68 (50) 81 (60)
Minimum for 1 54 (40) 65 (48)
>51 (>2) Average for 3 81 (60) 95 (70)
Minimum for 1 65 (48) 76 (56)
NOTES:
(1) See para. K323.3.5(c) for permissible retests.

(2) Energy values in this Table are for standard size specimens. For subsize specimens, these values shall be multiplied by the ratio of the actual

specimen width to that of a full-size specimen, 10 mm (0.394 in.).
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323.3.2). The results shall be included in the impact test
report.

(b) Minimum Energy Requirements for Bolting Mate-
rials. The applicable minimum energy requirements
shall be those shown in Table K323.3.5 except as provided
in Table K323.3.1.

(c) Weld Impact Test Requirements. Where two base
metals having different required impact energy values
are joined by welding, the impact test energy require-
ments sh i
base matg

(d) Re

6)
average
exceeds
specimen
below thg
for one sp
for a sing
mens sha
specimen
value.

)
resultisc
the test, 4
results sh
was consi
dure was

rial having the lower required impact energy.
fests
Retest for Absorbed Energy Criteria. When the
value of the three specimens equals or
he minimum value permitted for a single
and the value for more than one specimen is
required average value, or when the value
ecimen is below the minimum value permitted
e specimen, a retest of three additional speci-
1 be made. The value for each of these retest
5 shall equal or exceed the required average

Retest for Erratic Test Results. When an erratic
hused by a defective specimen or uncertainty in
retest will be allowed. The report giving test
hll specifically state why the original specimen
Hered defective or which step of the test proce-
carried out incorrectly.

K323.4 Requirements for Materials

K323.4
to pressu
supports
Appendix

1 General. Requirements in para. K323.4 apply
re-containing parts, not to materials_used as
, gaskets, packing, or bolting. See also
F, para. F323.4.

K323.4

(a) Dug
(b) Zin
sure cont
to pressu

K323.4{3 Metallic Clad and Lined Materials. Materials
with metallic claddingor lining may be used in accordance
with the following, provisions:

(a) For] metallic clad or lined piping components, the
base metdl shall be an acceptable material as defined in

2 Specific Requirements

tile iron and other cast ifons are not permitted.
C-coated materials are not permitted for pres-
pining componentsiand may not be attached
'e-containing components by welding.

(b) Fabrication by welding of clad or lined piping
components and the inspection and testing of such compo-
nents shall be done in accordance with applicable provi-
sions of ASME BPVC, Section VIII, Division 1, UCL-30
through UCL-52, and the provisions of this Chapter.

(c) Ifametallicliner also serves as a gasket or as part of
the flange facing, the requirements and limitations in
para. K308.4 apply.

Paragraph 323.5 applies.

K325 MISCELLANEOUS MATERIALS
Paragraph 325 applies.

PART'8
STANDARDS FOR PIPING COMPONENTS

K326 REQUIREMENTS FOR COMPONENTS
K326.1 Dimensional Requirements

ional
bd in
ed in
Hered

K326.1.1 Listed Piping Components. Dimens
standards’/for piping components are list
Table-K326.1. Dimensional requirements contair
specifications listed in Appendix K shall also be consi
requirements of this Code.

K326.1.2 Unlisted Piping Components. Piping ca
nents not listed in Table K326.1 or Appendix K shall
the pressure design requirements described in
K302.2.3 and the mechanical strength requirey
described in para. K302.5.

mpo-
meet
para.
nents

K326.1.3 Threads. The dimensions of piping co
tion threads not otherwise covered by a governing cq
nent standard or specification shall conform t
requirements of applicable standards list
Table K326.1 or Appendix K.

nnec-
mpo-
o the
bd in

K326.2 Ratings of Components

K326.2.1 Listed Components. The pressure-tenj
ture ratings of components listed in Table K326
accepted for pressure design in accordance with
K303.

pera-
1 are
para.

para. K323, and the thickness used in pressure design in
accordance with para. K304 shall notinclude the thickness
of the cladding or lining. The allowable stress used shall be
that for the base metal at the design temperature. For such
components, the cladding or lining may be any material
that, in the judgment of the user, is suitable for the
intended service and for the method of manufacture
and assembly of the piping component.
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K326.2.2 Unlisted Components. The pressure-
temperature ratings of unlisted piping components
shall conform to the applicable provisions of para. K304.

K326.3 Reference Documents

The documents listed in Table K326.1 contain refer-
ences to codes, standards, and specifications not listed
in Table K326.1. Such unlisted codes, standards, and speci-
fications shall be used only in the context of the listed
documents in which they appear.
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Table K326.1 Component Standards

Standard or Specification Designation
Bolting
Square, Hex, Heavy Hex, and Askew Head Bolts and Hex, Heavy Hex, Hex Flange, Lobed Head, and Lag Screws (Inch ASME B18.2.1

1<) 0 1=

Nuts for General Applications: Machine Screw Nuts, Hex, Square, Hex Flange, and Coupling Nuts (Inch Series) . . .. .. ASME B18.2.2
Metallic Fittings, Valves, and Flanges
Pipe Flanges and Flanged Fittings: NPS '/, Through NPS 24 Metric/Inch Standard [Note (1] . ................... ASME B16.5
Factoyy-Made Wrought Buttwelding Fittings [Note (1)] .. .. .ottt e e ASME B16.9
Forgef Fittings, Socket-Welding and Threaded [Note (1)] ... .. ...t e ‘AJME B16.11
Valve§ — Flanged, Threaded, and Welding End [Note (1)] .. ... ..ot e e e AYME B16.34
Line BIanks [NOte (1)] - .. v vttt e et e e e e e e e e e e e e e e e e AYME B16.48
Standprd Marking System for Valves, Fittings, Flanges, and Unions ............... ... ... ... oo il MSS SP-25
High Pressure Chemical Industry Flanges and Threaded Stubs for Use with Lens Gaskets [Note (1)] ..... ¥/ ....... MSS SP-65

Metallic Pipe and Tubes
Welddd and Seamless Wrought Steel Pipe [Note (1)]
Stainlgss Steel Pipe [Note (1)]

Miscellaneous

Threading, Gauging, and Thread Inspection of Casing, Tubing, and Line Pipe Threads

Unified Inch Screw Threads (UN and UNR Thread Form)
Pipe 1
Metal
Buttwelding Ends

hreads, General Purpose (Inch)

ic Gaskets for Pipe Flanges

Surfade Texture (Surface Roughness, Waviness, and Lay)

ASME B36.10M
ASME B36.19M

API 5B
IASME B1.1
ME B1.20.1
AJME B16.20
AJME B16.25
SME B46.1

GENERAL NOTE: The approved edition dates of these standards and specifications, along with the names and addresses of the

organifations, are shown in Appendix E.

NOTE:

sefvice [see Table K323.3.1, Note (1)}.

Th¢ design, materialsj\fabrication, assembly, examina-
tion, inspection, andtesting requirements of this Chapter
are npt applicable fo)components manufactured in accor-
dancg with the deeuments listed in Table K326.1, unless
specifically stated in this Chapter or in the listed docu-
ment

K326~ i ipi i

A defect in a piping component may be repaired by
welding subject to all of the following requirements:

(a) The piping component specification provides for
weld repair or, if not covered by a specification, the manu-
facturer allows for weld repair.

(b) The welding procedure and welders or welding
operators are qualified as required by para. K328.2.

(1) The use of components made in accordance' with these standards is permissible, provided they are

a) examined and leak tested in accordance with the requirements of paras. K341 and K345, respectively.

b) impact tested in accordance with the methods described in paras. K323.3.1 through K323.3.4, and meet the acceptance criteri
pdra. K323.3.5. Note that such impact testing'may require the destruction of one component from the same lot as the component

¢) in accordance with the fluid service requirements in Parts 3 and 4 of this Chapter.
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sponsoring

specified in
0 be used in

(c) The repair and its examination are performed in
accordance with the piping component specif]cation or,
if not covered by a specification, the manufacfurer’s re-
quirements.

(d) The owner approves the weld repair.

FABRICATION, ASSEMBLY, AND ERECTION

K327 GENERAL

Piping materials and components are prepared for
assembly and erection by one or more of the fabrication
processes covered in paras. K328, K330, K331, K332, and
K333. When any of these processes is used in assembly or
erection, requirements are the same as for fabrication.

(20)
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K328 WELDING

Welding shall conform to the requirements of this Part
and the applicable requirements of para. K311.

K328.1 Welding Responsibility

Each employer is responsible for

(a) the welding performed by personnel of its organ-
ization

(b) conducting the qualification tests required to

K328.2.4 Qualification Records. Paragraph 328.2.4
applies.

K328.3 Materials

K328.3.1 Electrodes and Filler Metal. Paragraph
328.3.1 applies, together with the following additional re-
quirements:

(a) Welding electrodes and filler metals shall be speci-
fied in the engineering design.

qualify th¢ welding procedure specifications used by per-
sonnel in [its organization

(c) corlducting the qualification tests required to
qualify it welders and welding operators

K328.2 Welding Qualifications

K328.2/1 Qualification Requirements. Qualification of
the weldinjg procedures to be used and of the performance
of welders and welding operators shall comply with the
requiremé¢nts of ASME BPVC, Section IX, except as modi-
fied hereip.

(a) Impact tests shall be performed for all procedure
qualifications in accordance with para. K323.3.

(b) Exdept as provided in (f), test weldments shall be
made using the same specification and type or grade of
base metdl(s), and the same specification and classifica-
tion of fill¢r metal(s) as will be used in production welding.

(c) Testweldments shall be subjected to essentially the
same heat treatment, including cooling rate and cumula-
tive time pt temperature, as the production welds.

(d) WHen tensile specimens are required by ASME
BPVC, Sedtion IX, the yield strength shall also be.deter-
mined, uding the method required for the basejmetal.
The yield| strength of each test specimen,shall be not
less thar| the specified minimum yield-strength at
room temperature (Sy) for the base.metals joined.
Where two base metals having djfferent Sy values are
joined by welding, the yield strength-ef each test specimen
shall be njot less than the lower of the two Sy values.

(e) Meghanical testing is.reqtired for all performance
qualification tests.

(f) 1f the same specification and classification of filler
metal(s) [as will besUsed in production welding are
employed, qualification on pipe or tubing shall also
qualify for pldte)of the same type or grade, but qualifica-
tion on plate’does not qualify for pipe or tubing.

(b] With the owner’s approval, a welding electrdde or
filler metal not conforming to a specificationmlisted in
ASME BPVC, Section II, Part C may be used ifa_ procedure
qualification test, including an all-weld-nretal test in
accordance with AWS B4.0M or AWS B4.0%1s first sufcess-
fully made.

K328.3.2 Weld Backing Material. Backing rings
not be used.

shall

K328.3.3 Consumable-Inserts. Paragraph 328.3.3
applies, except that procedures shall be qualified as
required by para.&328.2.

K328.4 Prepardtion for Welding
K328.4.1 Cleaning. Paragraph 328.4.1 applies.

K328.4.2 End Preparation

{a) General
(1) Butt weld end preparation is acceptable gnly if
the surface is machined or ground to bright metal
(2) Buttwelding end preparation contained in ASME
B16.25 or any other end preparation that meets the groce-
dure qualification is acceptable. [For convenienck, the
basic bevel angles taken from ASME B16.25, with [some
additional J-bevel angles, are shown in Figure 328.4.2,
illustrations (a) and (b).]
(b) Circumferential Welds
(1) If components’ ends are trimmed as shojn in
Figure 328.4.2, illustration (a) or (b) to accommpdate
consumable inserts, or as shown in Figure K328.4.3 to
correct internal misalignment, such trimming shdll not
result in a finished wall thickness before welding less
than the required minimum wall thickness, t,,.
(2) It is permissible to size pipe ends of the|same
nominal size to improve alignment, if wall thicknefss re-
quirements are maintained.

(g) Forthickness greater than 51 mm (2 in.), the proce-
dure test coupon shall be at least 75% as thick as the
thickest joint to be welded in production.

K328.2.2 Procedure Qualification by Others. Qualifi-
cation of welding procedures by others is not permitted.

K328.2.3 Performance Qualification by Others.
Welding performance qualification by others is not
permitted.
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(3] Where necessary, weld metal may be deposited
on the inside or outside of the component to permit align-
ment or provide for machining to ensure satisfactory
seating of inserts.

(4) When a butt weld joins sections of unequal wall
thickness and the thicker wall is more than 1% times the
thickness of the other, end preparation and geometry shall

8 Titles of referenced AWS standards are as follows: AWS B4.0M,
Standard Methods for Mechanical Testing of Welds, and AWS B4.0,
Standard Methods for Mechanical Testing of Welds.
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be in accordance with acceptable designs for unequal wall
thickness in ASME B16.5.

K328.4.3 Alignment

(a) Girth Butt Welds
(1) Inside diameters of components at the ends to be
joined shall be aligned within the dimensional limits in the
welding procedure and the engineering design, except
that no more than 1.5 mm (% in.) misalignment is

K328.6 Weld Repair

Paragraph 328.6 applies, except that procedures and
performance shall be qualified as required by para.
K328.2.1. See also para. K341.3.3.

K330 PREHEATING
K330.1 General

permftted as Shown I Figure K3284-3:
P) If the external surfaces of the two components
are npt aligned, the weld shall be tapered between the
two gurfaces with a slope not steeper than 1:4.

(b)| Longitudinal Butt Joints. Preparation for longitudi-
nal byitt welds (not made in accordance with a standard
listed|in Table K-1 or Table K326.1) shall conform to the
requifements of (a).

(c)| Branch Connection Welds
7) The dimension m in Figure K328.5.4 shall not
exceed +1.5 mm (% in.).

?) The dimension g in Figure K328.5.4 shall be
specified in the engineering design and the welding proce-
dure.

K328.5 Welding Requirements

K3(28.5.1 General. The requirements of
parast 328.5.1(b), 328.5.1(d), 328.5.1(e), and 328.5.1(f)
apply| in addition to the requirements specified below-.

(a)| All welds, including tack welds, repair welds, and
the pddition of weld metal for alignment
[paras. K328.4.2(b)(3) and K328.4.3(c)(1)],shall be
made|by qualified welders or welding operators, in accor-
dancg with a qualified procedure.

(b)| Tack welds at the root of the joint shall be made with
filler metal equivalent to that used for\the root pass. Tack
weldq shall be fused with the root pass weld, except that
those| that have cracked shall(be removed. Bridge tacks
(abovie the root) shall be rémboved.

K328.5.2 Fillet Welds: Fillet welds, where permitted
(see para. K311.2.2)-shall be fused with and shall
merge smoothly into the component surfaces.

K328.5.3 Seal Welds. Seal welds are not permitted.

K3p8.5:4* Welded Branch Connections. Branch
conngction fittings (see para. 300.2), attached by smoothly

The prnhr—\nf requirements herein npp]v to all types of

welding, including tack welds and repair welds.
K330.1.1 Requirements. Paragraph 330.1.1|applies.

K330.1.2 Unlisted Materials. ‘Paragraph 330.1.2
applies.

K330.1.3 Temperature Verification. Phragraph
330.1.3(a) applies. Tempérdture-indicating [materials
and techniques shall ngtbe detrimental to the bgse metals.

K330.1.4 Preheat‘Zone. Paragraph 330.1.4 [applies.

K330.2 Specific Requirements
Paragraph 330.2 applies in its entirety.

K331“HEAT TREATMENT

K331.1 General

K331.1.1 Postweld Heat Treatment Requjrements.
The provisions of para. 331.1.1 and Table§ 331.1.1,
331.1.2, and 331.1.3 apply, except as specified below.

(a) The exemptions to mandatory postweld heat treat-
ment in Table 331.1.3 for P-No. 1, all Group Nds., are not
permitted when the control thickness exceedd 19 mm
/4 in).

(b) The exemptions to mandatory postweld heat treat-
ment in Table 331.1.3 for P-No. 4, Group No. 1|and P-No.
5A, Group No. 1 materials are not permitted

(c) For quenched and tempered materials| any heat
treatment of other than longitudinal welds shall be
performed at a temperature no warmer than 28°C

Figure K328.4.3 Pipe Bored for Alignment: Trimming and
Permitted Misalignment

contoured full penetration groove welds of a design that
permits 100% interpretable radiographic examination,
are the only types acceptable.

Figure K328.5.4 shows acceptable details of welded
branch connections. The illustrations are typical and
are not intended to exclude acceptable types of construc-
tion not shown.

K328.5.5 Fabricated Laps. Fabricated laps are not
permitted.

|-——

26 mm (', in.) —»-1

T.

2ty

2
1) ’
\\
Round corner ~ %
Permitted misalignment

< 1.5 mm (Y46 in.). See WPS.
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Figure K328.5.4 Some Acceptable Welded Branch Connections Suitable for 100% Radiography

i

— —¢-Branch

o

(50°F) below the tempering temperature of the material.
When thiq heat treatment temperature is lower than the
range speg¢ified in Table 331.1.1, the decrease in heat treat:
ment temperature shall be accompanied by an increasein
holding tifme in accordance with Table 331.1.2

(d) Longitudinal welds in quenched and. témpered
material ghall be heat treated in accordance \with the ap-
plicable material specification.

(e) Refer to para. K331.1.3 instead. of para. 331.1.3.

(f) Refédr to Appendix K instead of ‘Appendix A.

(g) ASME B31P and para. 328.7 do not apply.

K331.1.2 Other Heat Treatments. Heat treatment for
bending [and forming'shrall be in accordance with
para. K33p.4.

K331.1.3 Definition of Thicknesses Governing Post-
weld Heat Treatment. The provisions of para. 331.1.3
apply, exdept-for 331.1.3(b)(5).

K331.2 Specific Requirements

Paragraph 331.2 applies, but refer to para. KB31.1
instead of para 331.1.

K332 BENDING AND FORMING
K332.1 General

Pipe shall be hot or cold bent in accordance With a
written procedure to any radius that will result in suffaces
free of cracks and free of buckles. The procedure shall
address at least the following, as applicable:

(a) material specification and range of size and fhick-
ness

(b) range of bend radii and fiber elongation

(¢) minimum and maximum metal temperature during
bending

(d) method of heating and maximum hold time

[o) dacerintion ofhanding annaratiic and oo d
K33L.1.2 Heating and Cooling. Paracranh 33114 {e}—deseription-ofbendin £ apparatus-andprecedlre to
o 9 g. grap Sl be used

applies.

K331.1.6 Temperature Verification. Heat treatment
temperature shall be checked by thermocouple pyrom-
eters or other suitable methods to ensure that the
WPS requirements are met. Temperature-indicating
materials and techniques shall not be detrimental to
the base metals.

(f) mandrels or material and procedure used to fill the
bore

(g) method for protection of thread and machined
surfaces

(h) examination to be performed

(i) required heat treatment

(j) postheat treatment dimensional adjustment tech-
nique
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K332.2 Bending

K332.2.1 Bend Flattening. The difference between the
maximum and the minimum diameters at any cross
section of a bend shall not exceed 8% of nominal
outside diameter for internal pressure and 3% for external
pressure.

K332.2.2 Bending Temperature. Paragraph 332.2.2
applies, except that in cold bending of quenched and

(b) Heat treatment is required regardless of thickness
and shall conform to the temperatures and durations
given in Table 331.1.1, except that for quenched and
tempered materials, the stress relieving temperature
shall not exceed a temperature 28°C (50°F) below the
tempering temperature of the material.

K333 BRAZING AND SOLDERING

Brazing shall conform to the requirements of this Part

temp
least

gL 3 4 - | n) 4 4. 1 11 1. 4
FITU ICTTITIUIC IHIAlTIIALS, LT LTHIPTl atul T slidil ot dat

28°C (50°F) below the tempering temperature.

K332.3 Forming

Piping components shall be formed in accordance witha
writt¢n procedure. The temperature range shall be consis-
tent with material characteristics, end use, and specified
heat freatment. The thickness after forming shall be not
less than required by design. The procedure shall address
at least the following, as applicable:

(a)| material specification and range of size and thick-
ness

(b)] maximum fiber elongation expected during
forming

(c)| minimum and maximum metal temperature during
bending

(d)| method of heating and maximum hold time

(e)| description of forming apparatus and procedure to
be used

(f) |[materials and procedures used to provide internal
support during forming

(g)| examination to be performed

(h)
K332.4 Required Heat Treatment

K332.4.1 Hot Bending and Forming. After hot bending
and fgrming, heat treatment is required for all thicknesses
of P-Nos. 3, 4, 54, 5B, 6, 10A, 10B, and 15E materials that
are not quenched and tempered. Times and temperatures
shall |be in accordance‘with para. 331. Quenched and
tempered materials shall be reheat treated to the original
material specification:

required heat treatment

K3]

(a)| Afterycold bending and forming, heat treatment in
accorfance with (b) below is required, regardless of thick-

$2.4.2 Cold Bending and Forming

and the applicable requirements of para. K31[7.2. Braze
welding and soldering are not permitted.

K333.1 Brazing Responsibility

Each employer is responsible-fox

(a) the brazing performedy, personnel of
zation

(b) conducting the gualification tests reguired to
qualify the brazing proécedure specifications used by per-
sonnel in its organizdtion

(c) conductin@)the qualification tests re
qualify its brazers and brazing operators

ts organi-

guired to

K333.2. Brazing Qualifications

K333:2.1 Qualification Requirements. The|qualifica-
tieltof brazing procedures, brazers, and brazingloperators
shall be in accordance with the requirements of ASME
BPVC, Section IX.

K333.2.2 Procedure Qualification by Others. Brazing
procedure specifications qualified by a technically compe-
tent group or agency may be used, provided the following
requirements are met:

(a) The owner shall approve the use of brazfng proce-
dure specifications qualified by others.

(b) Thebrazing procedure specifications sha
requirements of para. K333.2.1.

(c) The employer’s business name shall be
each brazing procedure specification and on ea
procedure qualification record.

(d) The employer shall accept responsibility for each
brazing procedure qualification performed py others
by signing and dating each brazing procedure| qualifica-
tion record.

(e) The employer shall conduct the qualificgtion tests
required to qualify its brazers and brazing opjrators.

I meet the

shown on
Ch brazing

ness, when specified in the engineering design or when the
maximum calculated fiber elongation exceeds 5% strain
or 50% of the basic minimum specified longitudinal elon-
gation for the applicable specification, grade, and thick-
ness for P-Nos. 1, 3, 4, 5A, 5B, 6, 10A, 10B, and 15E
materials (unless it has been demonstrated that the selec-
tion of the pipe and the procedure for making the compo-
nents provide assurance that the most severely formed
portion of the material has retained an elongation of
not less than 10%).

143

K333.2.3 Performance Qualification by Others. An
employer may accept the performance qualification of
abrazer or brazing operator made by a technically compe-
tent group or agency, provided the following require-
ments are met:

(a) The owner shall approve the use of brazing perfor-
mance qualifications qualified by others.

(b) The brazer or brazing operator performance quali-
fications were made on pipe test coupons.

(20)
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(c) The employer shall have a brazing procedure spec-
ification such that the performance qualification is within
the limits of the essential variables set forth in ASME BPVC,
Section IX.

(d) The employer shall have a copy of the performance
qualification test record. The record shall show the name
ofthe technically competent group or agency by whom the
brazer or brazing operator was qualified and the date of
that qualification. Evidence shall also be provided that the

hyaoing onaratarhac paatntainad oy alifiaati o 1

PART 10
INSPECTION, EXAMINATION, AND TESTING

K340 INSPECTION
Paragraphs 340.1 through 340.4 apply.

K341 EXAMINATION
Paragraphs 341.1 and 341.2 apply.

brazer or
accordand
(e) The
the brazir
(f) The
brazing
others by

K333.2
maintain

TaLTT S O perator S THo e et gearrEacror it

e with ASME BPVC, Section IX, QB-322.
employer’s business name shall be shown on
g performance qualification record.

employer shall accept responsibility for the
berformance qualifications performed by
signing and dating the qualification.

4 Qualification Records. The employer shall
copies of the brazing procedure specification
and performance qualification records specified by
ASME BPVYC, Section IX. These records shall be made avail-
able to the Inspector upon request.

K333.3 Materials

Brazing
para. 333

filler metals and flux shall be in accordance with
2.1.

K333.4

Paragrdph 333.3 applies, except that soldering is not
permitted.

reparation and Cleaning

K335 ASSEMBLY AND ERECTION
K335.1 General
Paragrdph 335.1 applies.

K335.2

Paragrdph 335.2 applies, exeeptthat bolts shall extend
completely through their nuts:

langed Joints

K335.3 Threaded Joints

Paragrdph 3353, applies, except that threaded joints
shall not pe seal wélded.

K335.4 $pecial Joints

K341.3 Examination Requirements

K341.3.1 General. Prior to initial operation,| each
piping installation, including component$:and workman-
ship, shall be examined in accordance'with para. KB41.4
and the engineering design. If héat treatmgnt is
performed, examination shall bevconducted after its
completion.

K341.3.2 Acceptance-Criteria. Acceptance crfteria
shall be as stated in the'engineering design and|shall
at least meet the applicable requirements stated fn (a)
and (b) below, and-elsewhere in this Chapter.

(a) Table K34173.2 states acceptance criteria (lim
imperfections) for welds. See Figure 341.3.2 for t
weld imperfections.

(b) -Acceptance criteria for castings are specif
paraxK302.3.3.

its on
ypical

ed in

K341.3.3 Defective Components and Workmanship.
Defects (imperfections of a type or magnitude not agcept-
able by the criteria specified in para. K341.3.2) shill be
repaired, or the defective item or work shall be replaced.

Examination shall be as follows:

(a) When the defective item or work is repairefl, the
repaired portion of the item or work shall be examined
after the completion of any required heat treatment. The
examination shall use the same methods and accegtance
criteria employed for the original examination.

(b) When the defective item or work is replace
new item or work used to replace the defective
or work shall be examined after the completion d
required heat treatment. The examination sha
any method and applicable acceptance criterig
meet the requirements for the original examinatid

d, the
item
f any
1 use
that
n

K341.4 Extent of Required Examination

Special joints (as defined in para. K318) shall be
installed and assembled in accordance with the manufac-
turer’s instructions, as modified by the engineering
design. Care shall be taken to ensure full engagement
of joint members.

K335.5 Cleaning of Piping
See Appendix F, para. F335.9.

144

Piping shall be examined to the extent specified herein
or to any greater extent specified in the engineering
design.

K341.4.1 Visual Examination

(a) Therequirements of para.341.4.1(a) apply with the
following exceptions in regard to extent of examination:
(1) Materials and Components. 100%.
(2) Fabrication. 100%.
(3) Threaded, Bolted, and Other Joints. 100%.

(20)

(20)
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Table K341.3.2 Acceptance Criteria for Welds

Criteria (A-F) for Types of Welds, and for Required Examination Methods [Note (1)]

Methods | Type of Weld
Ultrasonics Longitudinal Branch
Type of or Girth Groove Fillet Connection
Imperfection Visual Radiography Groove [Note (2)] [Note (3)] [Note (4)]
Crack v v A A A A
Lack of fusion v v A A A A
Incomplete penetration v v A A A A
Internpl porosity v B B N/A B
Linear] indication v C C N/A C
Underfutting v v A A A A
Surfacp porosity or exposed slag inclusion v A A A A
Concaye root surface (suck-up) v v D D N/A D
Surfacp finish v E E E E
Reinfocement or internal protrusion v F F F F
GENEHAL NOTES:
(a) WEld imperfections are evaluated by one or more of the types of examination methods given, as;specified in paras. K341.4.1 and K341.4.2.
(b) “N/A” indicates this Chapter does not establish acceptance criteria or does not require evaluation of this kind of imperfection for this type of
weld.
(c) CHeck (v) indicates examination method generally used for evaluating this kind of-weld imperfection.
(d) Ellipsis (...) indicates examination method not generally used for evaluating this'kind of weld imperfection.

(e) Sy

NOTES:

(1) Cq
(2) Lq

ac
(3) Fi

Imbols A through F are explained in the table on the next page.

teria given are for required examination. More-stringent criteria magrbe specified in the engineering design.

ngitudinal welds include only those permitted in paras. K302.3.4 and'K305. The criteria shall be met by all welds, including th
cordance with a standard listed in Table K326.1 or in Appendix\K.

let welds include only those permitted in para. K311.2.2.

(4) Branch connection welds include only those permitted in para: K328.5.4.

ose made in

145
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Criterion Value Notes for Table K341.3.2

Criterion
Symbol Measure Acceptable Value Limits [Note (1)]
A Extent of imperfection Zero (no evident imperfection)
B Size and distribution of internal porosity See ASME BPVC, Section VIII, Division 1, Appendix 4
C Internal slag inclusion, tungsten inclusion, or
linear indication. Indications are
unacceptable if the amplitude exceeds the
reference level, or indications have lengths
tiratexceed
Individual length [Note (2)] 6 mm (Y%, in)) for T, < 19mm (%, in.)
T,,/3 for 19 mm (% in.) <T,, < 57 mm (2% in.)
19 mm (% in.) for T, > $7mm (2% in.)
Cumulative length <T, in any 12 T,, weld length
D Depth of root surface concavity Wall Thickness, Dépth of Surface
T,,, mm (in.) Concavity, mm (in.)
<13 (%) <15 (Jag)
>13 (%) and <51 (2) <3 (%)
>51 (2) 4 (%)
and total joint thickness{including weld reinforcement >T,,
E Surface roughness <12.5 pm (500 pin.)-R, (see ASME B46.1 for definition of roughness
average, R,)
F Height of reinforcement or internal protrusion Wall Thickness, External Weld Reinforcement
[Note (3)] in any plane through the weld shall T,,, mm(in.) or Internal Weld Protrusion, mm|(in.)
be within the limits of the applicable height 1 1
value in the tabulation at the right. Weld metal <13 (1/2) S1'51( /16)
shall be fused with and merge smoothly into >13_(4) and <51 (2) <3 (4)
the component surfaces. $51(2) <4 [5/32)
NOTES:
(1) Where fwo limiting values are given, the lesser measured value-governs acceptance. T,, is the nominal wall thickness of the thinner{of two
compoijents joined by a butt weld.
(2) For ulttasonic examination, refer to para. K344.6.3 for\acceptable value limits.
(3) For gropve welds, height is the lesser of the measuremeénts made from the surfaces of the adjacent components. For fillet welds, h¢ight is
measured from the theoretical throat; internal ptetrusion does not apply. Required thickness t,, shall not include reinforcement or internal
protrusjon.

146
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(4) Piping Erection. All piping erection shall be exam-
ined to verify dimensions and alignment. Supports, guides,
and points of cold spring shall be checked to ensure that
movement of the piping under all conditions of startup,
operation, and shutdown will be accommodated without
undue binding or unanticipated constraint.

(b) Pressure-Containing Threads. 100% examination
for finish and fit is required. Items with visible imperfec-
tions in thread finish or any of the following defects shall

K344 TYPES OF EXAMINATION
K344.1 General

Paragraphs 344.1.1 and 344.1.2 apply. In para. 344.1.3,
terms other than “100% examination” apply only to
supplementary examinations.

K344.2 Visual Examination

Paragraph 344.2 applies in its entirety.

be rejeeted:
1) Tapered Threads. Failure to meet gaging require-
b in API Spec 5B or ASME B1.20.1, as applicable.
?) Straight Threads. Excessively loose or tight fit
gaged for light interference fit.

Brazed Joints. 100% of all brazed joints shall be
ined by in-process examination in accordance

bara. K344.7.

ment:

when|

(©
exam|
with

K34

(@)
shall
perm

(b)
the o
may
wher

(c)
be su
of we

K3
341.4

11.4.2 Radiographic and Ultrasonic Examination

All girth, longitudinal, and branch connection welds
be 100% radiographically examined, except as
tted in (b) below.

When specified in the engineering design and with
wner’s approval, ultrasonic examination of welds
be substituted for radiographic examination
e T, > 13mm (% in.).

In-process examination (see para. 344.7) shall not
pstituted for radiographic or ultrasonic examination
Ids.

11.4.3 Certifications and Records. Paragraph
.1(c) applies.

K341

An
para.
to su
K341
be pd
from
in thd

K31

K3
Parag

L5 Supplementary Examination

y of the examination methods described in
K344 may be specified by the-eéngineering design
pplement the examination required by para.
4. The extent of supplémentary examination to
rformed and any dccéptance criteria that differ
those specified in-para. K341.3.2 shall be specified
engineering.deSign.

11.5.1 Hardness Tests. Paragraph 341.5.2 applies.

11.5.2 Examinations to Resolve Uncertainty.
raph”341.5.3 applies.

K344.3 Magnetic Particle Examination

The method for magnetic particle examinatign shall be
as specified in

(a) paragraph K302.3.3(b) fon.castings

(b) ASME BPVC, Section V, Article 7 for welds

components

and other

K344.4 Liquid Penetrant Examination

The method forliquid penetrant examinationfshall be as
specified in

(a) paragraph K302.3.3(b) for castings

(b) ASME BPVC, Section V, Article 6 for welds

components

and other

K344.5 Radiographic Examination

The method for radiographic examination ghall be as
specified in

(a) paragraph K302.3.3(c) for castings

(b) ASME BPVC, Section V, Article 2 for welds

components

and other

K344.6 Ultrasonic Examination

K344.6.1 Castings. The method for ultraso
nation of castings shall be as specified in para. K3

hic exami-
02.3.3(c).

K344.6.2 Pipe and Tubing

elected in
hltrasonic
r longitu-
Ultrasonic
nal (axial)
outer and

(a) Method. Pipe and tubing, required or s
accordance with Table K305.1.2 to undergo
examination, shall pass a 100% examination f
dinal defects in accordance with ASTM E213,
Testing of Metal Pipe and Tubing. Longitudir
reference notches shall be introduced on the
inner surfaces of the calibration (reference)|standard
in accordance with Figure 3(c) of ASTM H213 to a

K342 EXAMINATION PERSONNEL
Paragraph 342 applies in its entirety.

K343 EXAMINATION PROCEDURES

Paragraph 343 applies, except that the examination
methods shall comply with para. K344.
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depth not greater than the larger of 0.1 mm (0.004 in.)
or 4% of specimen thickness and a length not more
than 10 times the notch depth.

(b) Acceptance Criteria. Any indication greater than
that produced by the calibration notch represents a
defect; defective pipe and tubing shall be rejected.

(c) Records. For pipe and tubing that passes this exam-
ination, areportshall be prepared that contains atleastthe
information specified in 15.2.1 through 15.2.6 of ASTM
E213.
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K344.6.3 Welds

(a) Method. The method for ultrasonic examination of
welds shall be as specified in ASME BPVC, Section V, Article
4 for nominal thickness, T,,, greater than or equal to 13 mm
(%, in.) but less than 25 mm (1 in.), and ASME BPVC,
Section VIII, Division 3, KE-301 and KE-302 for

nominal wall thickness, T,,, greater than or equal to 25

K345 LEAK TESTING
K345.1 Required Leak Test

Prior to initial operation, each piping system shall be
leak tested.

(a) Each weld and each piping component, except
bolting and individual gaskets to be used during final
system assembly and pressure relief devices to be

b.4 or
etest

mm (1 in.). L. .. used during operation, shall be hydrostatically or pneu-
(b) Acceptance Criteria. Cracks, lack of fusion, incom- A : : s
lete perletration. or undercutting are unacceptable Taticaily feak tested i accordarnce with para. K34
plete p L 8 p . K345.5, respectively. The organization conductingth
regardless of size or length (see Table K341.3.2). In addi-

tion, for a|
linear ind
(1) fi
equal to
the accepf
specified
2) fi
equal to 2
in ASME
thickness

h internal slag inclusion, tungsten inclusion, or
cation

br nominal wall thickness, T,, greater than or
13 mm (% in.) but less than 25 mm (1 in.),
ance criterion for the thickness to be examined
n para. 344.6.2 applies.

br nominal wall thickness, T,, greater than or

5 mm (1 in.), the acceptance criteria specified
BPVC, Section VIII, Division 3, KE-333 for the
to be examined apply.

K344.7 In-Process Examination

Paragrdph 344.7 applies in its entirety.

K344.8 Eddy Current Examination

K344.8
ination of

1 Method. The method for eddy current exam-
pipe and tubing shall follow the general guide;
lines of ASME BPVC, Section V, Article 8, subject to the
following [specific requirements:

(a) Cold drawn austenitic stainless steel pipe and
tubing, selected in accordance with Table K305.1.2 for
eddy current examination, shall pass a 100% \examination
for longitydinal defects.

(b) A ¢alibration (reference) standard shall be
prepared|from a representative.sample. A longitudinal
(axial) reference notch shall\be introduced on the
inner surfface of the standard’to a depth not greater
than the larger of 0.1 mni)(0.004 in.) or 5% of specimen
thickness[and a length(not more than 6.4 mm (0.25 in.).

K344.8|2 Acceptance Criteria. Any indication greater
than that produeed by the calibration notch represents a
defect; defective pipe or tubing shall be rejected.

shall ensure that during the required leak té€sting of
components and welds, adequate protection/s provided
to prevent injury to people and damage to-property from
missile fragments, shock waves, or other consequenices of
any failure that might occur in the pressurized system.

(b) In addition to the requirerments of (a) above, h leak
test of the installed piping: system, excluding pressure
relief devices to be used-during operation, shall be
conducted at a pressure not less than 110% df the
design pressure to’ensure tightness, except as provided
in (c) or (d) below:

(c) Iftheleaktestrequired in (a) above is conducted on
the installed\piping system, the additional testin (b) above
is not required.

(d)~With the owner’s approval, pressure relief d
to bevused during operation may be included in th¢ leak
test required in (b) above. The leak test pressure njay be
reduced to prevent the operation of, or damage tp, the
pressure relief devices, but shall not be less than 90%
of the lowest set pressure of the pressure relief
devices in the system.

(e) For closure welds, examination in accordancg
para. K345.2.3(c) may be substituted for the lea
required in (a) above.

(f) None of the following leak tests may be used in lieu
of the leak tests required in para. K345.1:

(1) initial service leak test (para. 345.7)
(2) sensitive leak test (para. 345.8)
(3) alternative leak test (para. 345.9)

bvices

with
K test

K345.2 General Requirements for Leak Test

Paragraphs 345.2.4 through 345.2.7 apply. See below
for paras. K345.2.1, K345.2.2, and K345.2.3.

K345.2.1 Limitations on Pressure

K344.8.3 Records. For pipe and tubing that passes this
examination, a report shall be prepared that includes at
least the following information:

(a) material identification by type, size, lot, heat, etc.

(b) listing of examination equipment and accessories

(c) details of examination technique (including exam-
ination speed and frequency) and end effects, if any

(d) description of the calibration standard, including
dimensions of the notch, as measured

(e) examination results

148

(a) Through-Thickness Yielding. If the test pressure
would produce stress (exclusive of stress intensification)
in excess of S, at the outside surface of a component at test
temperature, as determined by calculation or by testing in
accordance with para. K304.7.2(b), the test pressure may
be reduced to the maximum pressure that will result in a
stress (exclusive of stress intensification) at the outside
surface that will not exceed S..

(b) The provisions of paras. 345.2.1(b) and 345.2.1(c)

apply.

(20)

(20)
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K345.2.2 Other Test Requirements. Paragraph
345.2.2 applies. In addition, the minimum metal tempera-
ture during testing shall be not less than the impact test
temperature (see para. K323.3.4).

K345.2.3 Special Provisions for Leak Testing.
Paragraphs (a), (b), and (c) below apply only to the
leak test specified in para. K345.1(a). They are not appli-
cable to the installed piping system leak test specified in
para. K345.1(b).

Table K-1. In those cases where the piping system may
be made up of equivalent lengths of more than one mate-
rial, the S7/S ratio shall be based on the minimum calcu-
lated ratio of the included materials.

K345.4.3 Hydrostatic Test of Piping With Vesselsas a
System. Paragraph 345.4.3(a) applies.

K345.5 Pneumatic Leak Test

Pnrngrnph 3455 npp]ipc except for para 34 5.5.4. See

(a)] Piping Components and Subassemblies. Piping
components and subassemblies may be leak tested
either separately or as assembled piping.

(b)| Flanged Joints. Flanged joints used to connect
pipinlg components that have previously been leak
testefl, and flanged joints at which a blank or blind
flangp is used to isolate equipment or other piping
during the leak test, need not be leak tested.

(c)| Closure Welds. Leak testing of the final weld
connecting piping systems or components that have
been [successfully leak tested is not required, provided
the weld is examined in-process in accordance with
para.|344.7 and passes the required 100% radiographic
examjnation in accordance with para. K341.4.2.

K345.3 Preparation for Leak Test
Panjagraph 345.3 applies in its entirety.

K345.4 Hydrostatic Leak Test

Par
K345

agraph 345.4.1 applies. See paras. K345.4,2"and
4.3 below.

K345.4.2 Test Pressure for Components and Welds.
Except as provided in para. K345.4.3, the“hydrostatic
test fgressure at every point in a metallic piping system
shall pe as follows:

(a) not less than 1.25 times the Jdesign pressure.

(b)| when the design température is greater than the
test temperature, the migimum test pressure, at the
point|under consideration;shall be calculated by eq. (38)

P{2="1.25PS1/S (38)

para. K345.5.4 below.

K345.5.4 Test Pressure. The pneumatic tes
for components and welds shall pe identic
required for the hydrostatic test inf accord
para. K345.4.2.

[ pressure
al to that
nce with

K345.6 Hydrostatic-Pneumatic Leak Test for

Components_and Welds

ak test is
1 be met,
he piping
5.4.2.

If a combination Kydrostatic-pneumatic le
used, the requirements of para. K345.5 sha
and the pressdre in the liquid-filled part of 4
shall not exceed the limits stated in para. K34

K346 RECORDS
K346.1 Responsibility

Itis the responsibility of the designer, the marjufacturer,
the fabricator, and the erector, as applicable, o prepare
the records required by this Chapter and by|the engi-
neering design.

K346.2 Required Records

At least the following records, as applicabl
provided to the owner or the Inspector by t
responsible for their preparation:

(a) the engineering design

(b) the written report required in para. K3

(c) material certifications

(d) procedures used for fabrication, weldin
heat treatment, examination, and testing

(e) repair records of materials and piping components,
and loca-

b, shall be
e person

D0(b)(2)

b, brazing,

, brazers,

wherg
H = intea design gage pressure including the welding procedure used for each
K tion of repairs
P 7| = mihimum test gage pressure f lificati f 1d
q
S| =rallowable stress at component design tempera- 0y per'ormance qu.a thcations for welders
and welding and brazing operators
Ture for the prevalent pipe material;, See o ST
Appendix K, Table K-1 (g) qualifications of examination personnel
S 7 = allowable stress at test temperature for the (h) records of examination of pipe and tubing for lon-

prevalent pipe material; see Table K-1

(c) in those cases where the piping system may not
include pipe itself, any other component in the piping
system, other than pipe-supporting elements and
bolting, may be used to determine the S7/S ratio based
on the applicable allowable stresses obtained from

149

gitudinal defects as specified in paras. K344.6.2(c) and
K344.8.3, as applicable

K346.3 Retention of Records

The owner shall retain one set of the required records
for at least 5 yr after they are received.

(20)
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Chapter X
High Purity Piping

U300 GENERAL STATEMENTS

(a) Chgpter X pertains to piping designated by the
owner as|being in High Purity Fluid Service. See also
Appendix|M.

(b) Th¢ organization, content, and paragraph designa-
tions of thiis Chapter correspond to those of the base Code
(Chapters|I through VI), Chapter VII, and Chapter VIII. The
prefix U i used to designate Chapter X requirements.

(c) Prdvisions and requirements of the base Code,
Chapter VII, and Chapter VIII apply only as stated in
this Chapter.

(d) For| piping not in High Purity Fluid Service, Code
requireménts are found in Chapters I through IX.

(e) High Purity Piping. Chapter X provides alternative
rules for design and construction of piping designated by
the owner as being High Purity Fluid Service.

(1) These rules apply only when specified by the
owner, arld only as a whole, not in part.

(2) (hapter X rules do not provide for High Pressure
Fluid Service.

(3) (Qhapter VII applies to nonmetallic piping and
piping lined with nonmetals in High Purity Fluid-Service.

(f) Chapter I applies.

PART 1
CONDITIONS AND CRITERIA

Chaptet II, Part 1 applies. See~para. U301.3.2(b)(5).

U301 DESIGN CONDITIONS

U301.3 Design Temperature
U301.3.2 Uninsulated Components

(b)

PART 3
FLUID SERVICE REQUIREMENTS FOR PIPING
COMPONENTS

ChapterIl, Part 3 applies. See paras-U306.6,U307.8,and
U308.

U306 FITTINGS, BENDS,“MITERS, LAPS, AND
BRANCH CONNECTIONS

U306.6 Tube Fittings

(a) Tube fittings hotlisted in Table 326.1 or Appendix A
shall meet the'pressure design requirements descri];ed in
para. 302.2.3)and the mechanical strength requirements
describedyin para. 303.
(b)~Compression-type tube fittings may be uded in
accordance with para. U315.2 provided that the type of
fitting selected complies with the following:
(1) The gripping action of the fitting shall prjovide
vibration resistance as demonstrated by exhibiting a
stress intensity factor equal to or less than 1.5.
(2) Intermixing of components from different thanu-
facturers is permitted only when specified in the|engi-
neering design.
(c) Face seal or hygienic clamp-type fittings in which
the tightness of the joint is provided by a seating syrface
other than the threads (e.g., a metal face-seal fjitting
comprising internal and external threaded compofents,
glands, and gasket or other constructions shown typically
in Figure U335.7.1) may be used.

U307 VALVES AND SPECIALTY COMPONENTS
U307.3 High Purity Fluid Service Valves

Valves such as ball, bellows, and diaphragm valves
dncignnr‘ for High Dnrify Eluid Service that arlke not

. £ 1 q 1 . . 1 1
(5) IHTPITO51UIL, IdLT S5Tdl, dlIu ll_yslt'llll. Liairpcu

fittings and joints — 100% of the fluid temperature

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

Chapter I, Part 2 applies. See Figure U304.5.3 for repre-
sentative configuration for metal face seal blanks.

listed in Table 326.1 shall meet the pressure design re-
quirements described in para. 302.2.2 and the mechanical
strength requirements described in para. 303.

U308 FLANGES, BLANKS, FLANGE FACINGS, AND
GASKETS

Flanges should be avoided whenever possible. When
flanges are utilized, para. 308 applies, except expanded
joint flanges described in para. 308.2.2 are not permitted.
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Figure U304.5.3 Blanks

ot

(a) Hygienic Clamp-Type Fitting

PART 4
UID SERVICE REQUIREMENTS FOR PIPING
JOINTS

FL

Ch3
tube
315,
U311

pter II, Part 4 applies, except expanded joints, flared
ittings, and caulked joints, described in paras. 313,
nd 316, respectively, are not permitted. See paras.
U311.1(c), U314, and U315.

WELDED JOINTS

agraph 311 applies, except for para.’311.1(c). See
U311.1(c).

U3ll

Par
para.

U3ll
(c)

para.

1 General

Examination shall beyin accordance with
U341.4.1.

U314 THREADED JOINTS

Thi
Wher

eaded jointsshould be avoided whenever possible.
threaded jeints are utilized, para. 314 applies.

U315

(b) Metal Face’Seal

U315.2 Joints Conforming to Listed Standards

(c).Joints using compression, face seal, hygie
and.automatic welding tube fittings covered by 1
dards may be used.

nic clamp,
sted stan-

tandards

1l be fully
rient tigh-

U315.3 Joints Not Conforming to Listed S

(a) Compression-type tube fitting joints sha
gageable on initial installation to ensure suffi
tening.

(b) Safeguarding is required for face seal o
clamp-type joints used under severe cyclic co

I hygienic
hditions.

PART 5
FLEXIBILITY AND SUPPORT

Chapter II, Part 5 applies. See para. U319.3

U319 PIPING FLEXIBILITY

U319.3 Properties for Flexibility Analysis

U319.3.6 Flexibility and Stress Intendification
TUBING JOINTS Factors. Paragraph 319.3.6 applies; however, piping
Paragraph 315 applies. See paras. U315.1, U3T5.2(c), COMMPOTEtS Used T igh=purity apptications, e.g., multi-

and U315.3.
U315.1 General

In selecting and applying compression, face seal, and
hygienic clamp-type tube fittings, the designer shall
consider the possible adverse effects on the joints of
such factors as assembly and disassembly, cyclic
loading, vibration, shock, and thermal expansion and
contraction. See para. FU315.

151

port block valves, hygienic unions, crosses, and point-of-
use and adaptor fittings, often do not have geometries
similar to those in ASME B31].

PART 6
SYSTEMS

Chapter II, Part 6 applies.
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PART 7
METALLIC MATERIALS

The provisions and requirements in Chapter III for
materials apply. Materials commonly used in high
purity process piping systems include austenitic, ferritic,
and duplex stainless steels, and nickel and nickel alloys.

PART 8

U328.4.2 End Preparations

(a) Paragraph 328.4.2(a)(1) applies, with the excep-
tion that discoloration requirements shall be based on
the referencing code or standard (e.g., ASME BPE or SEMI).

(b) End preparations for GTAW are as follows:

(1) Components having nominal wall thickness of
3 mm (*/gin.) and less shall have ends prepared in accor-
dance with the referencing code or standard (e.g., ASME
BPE or SEMI).

STANDARDS FOR PIPING COMPONENTS

Chaptey IV applies.

PART 9
FABjICATION, ASSEMBLY, AND ERECTION

NERAL

piping materials and components are prepared
bly and erection by one or more of the fabrica-
sses covered in paras. U328, U330, U331, and
bn any of these processes is used in assembly or
‘equirements are the same as for fabrication.

U327 G

Metallig
for assem|
tion procg
U332. Wh|
erection,

(20) U328 WELDING

Paragr
328.5.4, 4
U328.2(c
for additi

hph 328 applies, except for paras. 328.3.2,
nd 328.5.5. See paras. U328.2(a), U328.2(b),

U328.4, U328.4.2, U328.4.4, and U328.5.1(g)
bnal requirements.

(20) U328.2 Welding and Brazing Qualification

The welding process shall be orbital GTAW, except for
the following:

(a) Tadk welds made prior to orbital' welding may be
manual GFAW.

(b) Manual GTAW may be uséd; with the owner’s
approval, pn those welds where theJorbital welding equip-
ment canpot be used.

(c) A clrange in the type,otr-nominal composition of the
backing (purge) gas shall\require requalification.

U328.4 Preparation for Welding

Paragrdph328.4.1 applies. Additionally, when weld
coupon examination is specified in the engineering

(2) Pipe from 5 mm to 22 mm (°/6 in. to
nominal wall thickness shall be in accordance
ASME B16.25. “]” or bevel groove angles suitab
orbital welding are shown in Figure U328.472.

(3) For pipe with nominal wall thickness 5 mm to
22 mm (3/16 in. to ’ /g in.), a modified” end prepatation
with an extended land as showwin Figure U328.4.2/}illus-
tration (a) may be used.

(4) Apipewithamodified “]” end preparation njay be
welded to a pipe fitting'with a 37'/,-deg bevel end as
shown in Figure U328:4.2, illustration (b).

8 ln)
with
e for

U328.4.4 Preparation of Weld Coupons

(a) Weld:coupons shall be made by qualified w¢lding
operatorsusing the same qualified WPS and the samg¢ vari-
ables used for production welds.

(b)\. " Methods

(1) Primary weld coupons shall be made from two
short sections of tubing selected from the same diarpeter,
wall thickness, and alloy as the material used for prjoduc-
tion. Sections shall be of sufficient length for fit up fn the
weld head allowing for attachment of inside diameter
purge apparatus outside of the weld head. The seg¢tions
shall be welded together in a square groove weld on a
butt joint.

(2) Production weld coupons may be made in gaccor-
dance with (1) or, at the owner’s discretion, may be cut
from actual production welds. The weld coupons sHall be
selected to ensure that the work product of each w¢lding
operator doing the production welding is represented.

U328.5 Welding Requirements
U328.5.1 General

(g) Tack welds shall be fully consumed after co
tion of the weld. Tack welds shall be made by a quz

welder or urn]ding operator

mple-
lified

design or in the referencing code or standard (e.g.,
ASME BPE or SEMI), primary weld coupons shall be
made in accordance with para. U328.4.4(b)(1) and exam-
ined in accordance with para. U344.8 prior to the start of
production welding. This will demonstrate that the orbital
welding equipment is set up properly and the weld
program is sufficient to make repeatable production
welds in accordance with the qualified welding procedure
specification (WPS).

152

U330 PREHEATING
Paragraph 330 applies.

U331 HEAT TREATMENT
Paragraph 331 applies.
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Figure U328.4.2 Modified Pipe End Preparations

25 deg + 2% deg

/

Radius
i 2.5 mm |
(%2 in.) =22 mm
- ra 3 Y in.
I
. L—H_ —LT— Land extension = land thickness
Land thickness = —

U332
Par

U333
Brg

1

Wall thickness = 5 mm to 22 mm, inclusive
(#6in. to %in.)

b mm (e In.)

(a) Modified “J” Preparation

37% deg = 2Vz deg ->|

L Root opening =0 mm to 0.8 mm

(0 in. to ¥a2in.)

5 deg + 2% deg

f

=22 mm
% in.

i Radius
2.5 mm
\ (3/32 Iqi)

Wall thickness = 5 mm to 22'mm, inclusive
(346in. to %in.)

Land thickness =
1.5 mm (%s in.)

(b) Modified Butt Weld Preparation

BENDING AND FORMING
agraph 332 applies in its entirety.

BRAZING AND SOLDERI

NG

zing and soldering<are not permitted.

U335 ASSEMBLY-AND ERECTION

Paif
and 3

1—Land extension = land thickness

Ro

agraph 335.applies, except for paras. 335.4.1, 335.5,

35.6. Seevparas. U335.7 and

U333.7 Face Seal Joints

U335.8.

ot gpening = 0 mm to 0.8 mm
(0 in. to ¥2in.)

U335.8 Hygienic Clamp Joint Assembly

Hygienic clamp joint assembly components,
shown in Figures U335.8A,U335.8B,and U335.9
installed and assembled in accordance with the
turer’s instructions. Care shall be taken to avoid
the seal when incorporating such joints into pip
blies by welding.

PART 10
INSPECTION, EXAMINATION, AND TE;{

e.g., those
C, shall be
manufac-
distorting
ng assem-

BTING

U335.7.1 Metal Face Seal. Metal face seal joints shall
be installed and assembled in accordance with manufac-
turer’s instructions. See Figure U335.7.1, illustration (a).

U335.7.2 Nonmetallic FaceSeal. Nonmetallic face seal
joints shall be installed and assembled in accordance with
manufacturer’s instructions. Care shall be taken to avoid
distorting the seal when incorporating such joints into
piping assemblies by welding. See Figure U335.7.1, illus-
tration (b).

153

Paragraph 340 applies in its entirety.

U341 EXAMINATION

Paragraph 341 applies. See paras. U341.3.2 and

U341.4.1.
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Figure U335.7.1 Face Seal Joints

N —~__

,

NV

K

(a) Metal Face Seal

Figurq U335.8A Hygienic Clamp Joint Assembly
T~

U341.3 Examination Requirements

U341.312 Acceptance Criteria. Acceptance criteria for
all coupor and productionwelds shall be as stated in the
engineering design orin the referencing code or standard
(e.g., ASME BPE or<SEMI) and shall at least meet the ap-
plicable requirements in para. 341.3.2.

71

5
>
%

(b) Nonmetallic Faée)Seal

(c) automatic or machine orbital welding with the use
of fillepwire

U341.4.5 Weld Coupon Examination. Weld coyipons
shall be made and examined in accordance|with
para. U344.8 when any of the following conditions|exist:

(a) beginning of shift

(b) change of purge source

(c) change of power supply

(d) change of equipment, e.g., weld head, weldfhead
extensions, tungsten

(e) any time there is a weld defect

U342 EXAMINATION PERSONNEL

Paragraph 342 applies in its entirety. See |para.
U342.2(a).

U342.2 Specific Requirement

(a) For weld coupon examination
(1) the examinations shall be performed by pgrson-

nel other than those performing the production wgrk or
(2) with the owner’s approval, the pers¢nnel

U341.4 Extent of Required Examination

U341.4.1 Examination. Production weld coupon exam-
ination in accordance with para. U344.8 may be used in
lieu of the 5% random radiography/ultrasonic examina-
tion required in para. 341.4.1(b)(1) when any of the
following are employed in fabrication:

(a) autogenous automatic or machine orbital welding

(b) automatic or machine orbital welding with the use
of consumable inserts

performing the production work shall be permitted to
perform the examination, provided the personnel meet
the personnel qualification and certification requirements
in para. 342.1

U343 EXAMINATION PROCEDURES
Paragraph 343 applies.
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Figure U335.8B Hygienic Clamp Types

Qf\
Nl ™

N\

s

(1) Type A:
0.D. Tube Sizes 1/4 in. Through 1 in.

U344 TYPES OF EXAMINATION
Paragraph 344 applies{See paras. U344.2 and U344.8.
U344.2 Visual Examination

Parfagraph 344.:2-applies, except that in addition to the
method described in para. 344.2.2, borescopic examina-
tion ghall be-acceptable.

U344.8(Weld Coupon Examination

(1) Two-Piece (2) Two-Piece (3) Three-Piece (4) Two-lllolt
Bingle Pin With Double Pin With Double Pin With Heavy Duty
Wing Nut Wing Nut Wing Nut
Figure U335.8C Hygienic Ferrules
Groove
Groove detail
detail
’ I3 //
/ .
. ,/
4 7 e
’ //
Groove Detail Groove Detail

(2) Type B:
0.D. Tube Sizes 1 in. and Above

(3) variables in the orbital welding machine speci-

fied in the WPS
(b) after welding of coupons made in accordance with

para.U328.4.4(b)(1), and for weld coupons made in accor-
dance with para. U328.4.4(b)(2), for complizgince with
para. U341.3.2

(1) alignment

(2) weld penetration

(3) weld bead width variation

U344.8.1 Requirements. Weld coupon examination
comprises examination of weld coupons for the following,
as applicable:

(a) prior to welding of coupons made in accordance
with para. U328.4.4(b)(1)

(1) joint preparation and cleanliness
(2) fit-up, collet or clamp grip, and alignment in the
weld head

{#—weltdbeadreander

(5) discoloration

(6) weld defects, e.g., cracks, porosity, or sulfur
stringers

To allow direct visual examination of the inside

surfaces, the weld coupon may be cut or a suitable indirect
visual examination method (e.g., borescopic examination)
may be used.
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U344.8.2 Method. A weld coupon shall be made to
allow visual examination in accordance with
para. U344.2, unless otherwise specified in the engi-
neering design.

U345 TESTING

Paragraph 345 applies except for paras. 345.1, 345.8,
and 345.9. See paras. U345.1, U345.8, and U345.9.

U345.1 Requiredteak Ffest—————————U346:3Retention-of Reeords

Paragrdph 345.1 applies, except that, at the owner’s
option, a helium mass spectrometer test in accordance
with para{U345.8.1 may be substituted for the hydrostatic
leak test.

U345.8 Sensitive Leak Test

Paragrdph 345.8 applies, except that the helium mass
spectrométer test described in para. U345.8.1 is also an
acceptabl¢ method.

U345.8{1 Helium Mass Spectrometer Test. The test
shall be gne of the following methods and performed
in accordgnce with the following:

(a) For|pressurized systems, the test shall be in accor-
dance with ASME BPVC, Section V, Article 10, Appendix [V
(Helium Mass Spectrometer — Detector Probe Tech-
nique).

(1) The test pressure shall be the lesser of 105 kPa
(15 psig) [gage or 25% of the design pressure.

(2) Brior to testing, the test pressure shall be held«a
minimum|of 30 min.

(3) Unless otherwise specified in the enginéering
design, the system tested is acceptable when no
leakage i detected that exceeds the allowable leakage
rate of 1 k 10™* std cc/s.

(b) Forlevacuated systems, the test shall be in accor-
dance with ASME BPVC, Section V,Article 10, Appendix V
(Helium Nlass Spectrometer Test +— Tracer Probe Tech-
nique).

(1) The piping system shall be evacuated to an abso-
lute presspre sufficientfor.connection of the helium mass
spectrométer to thesystem.

(2) Unless qthlerwise specified in the engineering
design, the system tested is acceptable when no
leakage i defected that exceeds the allowable leakage
rate of 1 k40=2stdee/s

U346 RECORDS
U346.2 Responsibility

It is the responsibility of the piping designer, the manu-
facturer, the fabricator, and the erector, as applicable, to
prepare the records required by this Code, ASME BPE,
SEM], or other industry standard as specified in the engi-
neering design.

Paragraph 346.3 applies.

PART 11
HIGH PURITY PIPING IN CATEGORY M FLUID
SERVICE

UM300 GENERAL STATEMENTS

(a) Chapter X, Part 14 pertains to piping designated by
the owner as being/high purity piping in Category M|Fluid
Service. See als@ Appendix M.

(b) The organization, content, and paragraph degigna-
tions of these\Parts correspond to those of Chapte} VIII.
The prefix.UM is used.

(c)Patragraphs M300(d), M300(e), and M300(f) apply.

(d)~Provisions and requirements of Chapter VIII fapply
with the additional requirements in paras. UNI307,
UM307.2, UM322, UM322.3, UM328, UM335,
UM335.3.3, UM341, UM341.4(b)(1) and UM341.4(p)(2),
and UM345(b).

UM307 METALLIC VALVES AND SPECIALTY
COMPONENTS

Paragraph M307 applies in its entirety. See also|para.
UM307.2(a).

UM307.2 Specific Requirements

(a) For bellows or diaphragm sealed type valves, the
bonnet or cover plate closure shall be secured by a stfaight
thread sufficient for mechanical strength, have a metal-to-
metal seat, and include a secondary stem seal.

UM322 SPECIFIC PIPING SYSTEMS

nnnnn

STa— €5t

U345.9 Alternative Leak Test

Paragraph 345.9 applies, except that welds may be
examined by weld coupon examination method in accor-
dance with para. U341.4.5 and the test method may be
helium mass spectrometer test in accordance with
para. U345.8.1.

B 3 1 P VPV
ParagraphM322-appties,except for para—M322.3(c).

See para. UM322.3(c).
UM322.3 Instrument Piping

(c) joining methods shall conform to the requirements
of para. U315
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UM328 WELDING OF MATERIALS

Welding shall be in accordance with paras. M311.1 and
U328, except examination shall be in accordance with
para. UM341.

UM335 ASSEMBLY AND ERECTION OF METALLIC
PIPING

Paragraph M335 applies, except for para. M335.3.3. See

UM341.4 Extent of Required Examination

(b) Other Examination

(1) The 100% radiography/ultrasonic examination
required in para. M341.4(b) applies.

(2) The in-process examination alternative
permitted in para. 341.4.1(b)(1) applies, except a weld
coupon examination in accordance with para. U344.8 is
also an acceptable substitute when specified in the engi-
neering design or by the Inspector.

para.[UM535.5.3.

UM335.3.3 Straight-Threaded Joints. The require-
mentp of para. M335.3.3 are subject to the limitations
in para. UM322.

UM341 EXAMINATION

Paragraph M341 applies. See UM341.4(b)(1) and
UM341.4(b)(2).

UM345 TESTING

Paragraph M345(a) applies. See (b).
(b) A sensitive leak test in accordance with
para. U345.8 shall be included inythe required leak test
(para. U345.1).
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APPENDIX A
ALLOWABLE STRESSES AND QUALITY FACTORS FOR METALLIC
PIPING AND BOLTING MATERIALS

Begins pn the next page.
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Spec. No. Title Spec. No. Title
ASTM ASTM (Cont'd)
A36 Carbon Structural Steel A285 Pressure Vessel Plates, Carbon Steel, Low- and
A47 Ferritic Malleable Iron Castings Intermediate-Tensile Strength
A48 Gray Iron Castings A299 Pressure Vessel Plates, Carbon Steel, Manganese-
Silicon
A53 Pipe, Steel, Black and Hot-Dipped, Zinc-Coated,
Welded and Seamless
A302 Pressure Vessel Plates, Alloy Steel, Manganese-
A1p5 Carbon Steel Forgings for Piping Applications gl.ollzlt;aenum and Manganese-Molybdenjim-
A1Dp6 Seamless Carbon Steel Pipe for High-Temperature ke
Service A307 Carbon Steel Bolts and Studs, 60000, PSI Tensile
. . Strength
A1p6 Gray Iron Castings for Valves, Flanges, and Pipe
Fittings A312 Seamless, Welded, and Heavily.Cold Workled
Austenitic Stainless Steel Pi
A1B4 Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes ustenitic Statniess - ggy Apes
NPS 16 and Over) A320 Alloy-Steel and Stainléss)Steel Bolting for Low-
T ture Servi
A1B5 Electric-Resistance-Welded Steel Pipe A333 s erlnpera l;rzv wadces | Pive for L
. . . eamless an elded Steel Pipe for Low-
A1B9 Eleoctrlc-Fuswn (Arc)-Welded Steel Pipe (NPS 4 and Temperateeydrvice and Other Applicatipns with
ver) Required\Notch Toughness
Alp9 Seamless Cold-Drawn Low-Carbon Steel Heat- A334 Seamlessyand Welded Carbon and Alloy-Stefl Tubes
Exchanger and Condenser Tubes .
for Low-Temperature Service
A1B1 Carbon Steel Forgings, for General-Purpose Piping A335 Seailess Ferritic Alloy-Steel Pipe for High-
A1B2 Forged or Rolled Alloy and Stainless Steel Pipe Temperature Service
llill.ar}llggs. Forged Flttsmgs: and Valves and Parts for A350 Carbon and Low-Alloy Steel Forgings, Requiring
igh-Temperature Service Notch Toughness Testing for Piping Components
A1p3 Alloy—Steel and Stainless S.teel Bolting for X A351 Castings, Austenitic, for Pressure-Containihg Parts
High Temperature or High Pressure Service and
Other Special Purpose Applications A352 Steel Castings, Ferriticand Martensitic, for Pfessure-
Containing Parts, Suitable for Low-T t
Al1p4 Carbon Steel, Alloy Steel, and Stainless Steel Nuts for: Sg:v{a;:mg arts, suitable for Low-iemperature
Bolts for High Pressure or High Temperature
Service, or Both A353 Pressure Vessel Plates, Alloy Steel, Doubld-
N lized and T d 9% Nickel
A1p7 Cupola Malleable Iron ormalized and Tempered 9% Nicke
A354 Quenched and Tempered Alloy Steel Boltg, Studs,
A2D3 Pressure Vessel Plates, Alloy Steel, ‘Nickel and Other Externally Threaded Fastenets
A358 Electric-Fusion-Welded Austenitic Chromiyim-
A2D4 Pressure Vessel Plates, Alloy Steel,’Molybdenum Nickel Stainless Steel Pipe for High-Temperature
A2113 Seamless Ferritic and Austénitic Alloy-Steel Boiler, Service and General Applications
Superheater, and HegtExchanger Tubes A369 Carbon and Ferritic Alloy Steel Forged an{l Bored
A2[l6 Steel Ca§tings, Carbofy, Suitabl.e for Fusion Welding, Pipe for High-Temperature Service
for High-TempgTafure Service A376 Seamless Austenitic Steel Pipe for High-
A2|L7 Steel Castings; Ma.rt.ensitic Stainl.ess and All.oy, for Temperature Service
rll?“zzslstrrz-tic;:t;:;‘ll?cgeParts, Suitable for High- A381 Metal-Arc-Welded Carbon or High-Strength Low-
P Alloy Steel Pipe for Use With High-Prespure
A2B4 Piping, Fittings of Wrought. Carbon Steel and All.oy Transmission Systems
Steet for Moderate and High Temperature Service A387 Pressure Vessel Plates, Alloy Steel, Chromjum-
A210 Chromium and Chromi.um—Nickel Stainless Steel Molybdenum
Plate, Sheet, and Sml.) fo'r Pressure Vessels A395 Ferritic Ductile Iron Pressure-Retaining Casftings for
and for General Applications
Use at Elevated Temperatures
A268 Seamtessamdt-Wetded Ferriticamd-Marternsitic
Stainless Steel Tubing for General Service 2403 W ht A Stainless Steel P .
t tenitic Stai t ipi itti
A269 Seamless and Welded Austenitic Stainless Steel rouight sustenitic Stafnfess Steel Fiping HHINgS
Tubing for General Service A409 Welded Large Diameter Austenitic Steel Pipe for
A270 Seamless and Welded Austenitic and Ferritic/ .C.orros.lv.e or High-Temperature Service
Austenitic Stainless Steel Sanitary Tubing A420 Piping Fittings of Wrought Carbon. Steel and Alloy
A276 Stainless Steel Bars and Shapes 2426 c Steefl foilL(LW_TimperatZ;e Sesrv1clep or Hieh
tri t Ferriti teel Pi igh-
A278 Gray Iron Castings for Pressure-Containing Parts for e’rrl ritugaty as eT” i Afloy steel Fipe for Hig
emperature Service
Temperatures Up to 650°F (350°C) A437 - d Al | Turbine-T Bolti
A283 Low and Intermediate Tensile Strength Carbon Steel 3 Stainless an oy-Steel Turbine Type Bolting

Plates
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Material Specially Heat Treated for High-
Temperature Service
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Title

Spec. No.

Title

ASTM (Cont'd)

A451

A453

A479

A487
A494

A515

A516

A524

A536
A537

A553

A563

A571

A587

A645

A671

A672

A675

A691

A694

A696

A707

A789

A790

A813

A814

ASTM (Cont'd)

Centrifugally Cast Austenitic Steel Pipe for High- A815 Wrought Ferritic, Ferritic/Austenitic, and
Temperature Service Martensitic Stainless Steel Piping Fittings
High-Temperature Bolting, with Expansion A860 Wrought High-Strength Ferritic Steel Butt-Welding
Coefficients Comparable to Austenitic Stainless Fittings
Steels
Stainless Steel B d Sh. for Use in Boil d
e}:iessn ce ars‘fm N apestoriseinoriersan A928 Ferritic/Austenitic (Duplex) Stainless Steel Pipe
CU R e Electric Fusion Welded with Addition of Filldr
Steel Castings Suitable for Pressure Service Metal
Castings, Nickel and Nickel Alloy A992 Structural Steel Shapes
A995 Castings, Austenitic-Ferritic (Duplex).Stainless
Pressure Vessel Plates, Carbon Steel, for Steel, for Pressure-Containing)Parts
Intermediate- and Higher-Temperature Service
Pressure Vessel Plates, Carbon S.teel, for Moderate- A1010 Higher-Strength Martensitic Stainless Steel Plate
and Lower-Temperature Service -
) ] Sheet, and Strip
Seir;l‘}:;s T(;:;boer;asttlere;splpe for Atmospheric and A1011 Steel, Sheet and Strip, ‘Hot-Rolled, Carbon,

] p ) Structural, High=Strength Low-Alloy, High-
Ductile Iron Castings Strength LoWw-Alloy with Improved Formability,
Pressure Vessel Plates, Heat-Treated, Carbon- and Ultra-High Strength

Manganese-Silicon Steel A1053 Welded Ferritic-Martensitic Stainless Steel Pipd
Pressure Vessel Plates, Alloy Steel, Quenched and
Tempered 7, 8, and 9 % Nickel
Carbon and Alloy Steel Nuts B21 Naval Brass Rod, Bar, and Shapes
" . . B26 Aluminum-Alloy Sand Castings
Austenitic Ductile Iron Castings for Pressure- ) ]
Containing Parts Suitable for Low-Temperature B42 Seamless Copper Pipe, Standard Sizes
Service B43 Seamless Red Brass Pipe, Standard Sizes
Electric-Resistance-Welded Low-Carbon Steel Pipe B61 Steam or Valve Bronze Castings
for the Chemical Industry B62 Composition Bronze or Ounce Metal Castings
B68 Seamless Copper Tube, Bright Annealed
Pressure Vessgl Plates, 5 % and 5 1/2 % Nickel Alloy B75 Seamless Copper Tube
Steels, Specially Heat Treated
] . . ) B88 Seamless Copper Water Tube
Electric-Fusion-Welded Steel Pipe for Atniospheric - .
and Lower Temperatures B96 Copper-Silicon Alloy Plate, Sheet, Strip, and Rolled
. . . . Bar for General Purposes and Pressure Vessg¢ls
Electric-Fusion-Welded Steel Pipe‘for High- -
Pressure Service at Moderate, Temperatures B98 Copper-Silicon Alloy Rod, Bar and Shapes
Steel Bars, Carbon, Hot-Wrought, Special Quality,
Mechanical Properties B127 Nickel-Copper Alloy (UNS N04400) Plate, Sheet, gnd
Carbon and Alloy Steel Pipe, Electric-Fusion-Welded Strip
for High-Pressure‘Service at High Temperatures B148 Aluminum-Bronze Sand Castings
Carbon and-Alloy” Steel Forgings for Pipe Flanges, B150 Aluminum Bronze Rod, Bar and Shapes
Flttmgs,. V?‘lves' an.d Parts for High-Pressure B152 Copper Sheet, Strip, Plate and Rolled Bar
Trapsmission Service .
Steel\Bat's, Carbon, Hot-Wrought or Cold-Finished, B160 N%ckel Rod and Ba.r
Special Quality, for Pressure Piping Components B161 Nickel Seamless Pipe and Tube
B162 Nickel Plate, Sheet and Strip
Forged Carbon and Alloy Steel Flanges for Low- B163 Seamless Nickel and Nickel Alloy Condenser and
Temperature Service Heat Exchanger Tubes
Seamless and Welded Ferritic/Austenitic Stainless B164 Nickel-Copper Alloy Rod, Bar, and Wire
Steel Tubing for General Service B165 Nickel-Copper Alloy (UNS N04400) Seamless Pipe
Seamless and Welded Ferritic/Austenitic Stainless and Tube
Steel Pipe B166 Nickel-Chromium-Aluminum Alloy, Nickel-

Single- or Double-Welded Austenitic Stainless Steel
Pipe
Cold-Worked Welded Austenitic Stainless Steel Pipe
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Chromium-Iron Alloys, Nickel-Chromium-Cobalt-
Molybdenum Alloy, Nickel-Iron-Chromium-
Tungsten Alloy, and Nickel-Chromium-
Molybdenum-Copper Alloy Rod, Bar, and Wire
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08221,

Spec. No. Title Spec. No. Title
ASTM (Cont'd) ASTM (Cont’d)
B167 Nickel-Chromium-Iron Alloys (UNS N06600, B409 Nickel-Iron-Chromium Alloy Plate, Sheet, and Strip
N06601, N06603, N0669_0' N06693, _N06025' B423 Nickel-Iron-Chromium-Molybdenum-Copper Alloy
N06045, and N06696), Nickel-Chromium-Cobalt- (UNS N08825, N08221, and NO6845) Seamless
Molybdenum Alloy (UNS N06617), and Nickel- Pipe and Tube
Iron-Chromium-Tungsten Alloy (UNS N06674) .
Seamless Pipe and Tube B424 Ni-Fe-Cr-Mo-Cu Alloy (UNS N08825, UNS N08221,
and UNS N06845) Plate, Sheet, and Stri
B168 Nickel-Chromium-Iron Alloys (UNS N06600 ) P
N06601, N06603, N06690, N06693, N06025, b425 Ni-Fe-Cr-Mo-Cu Alloy (UNS NO&825, UNS
N06045, and N06696), Nickel-Chromium-Cobalt- and UNS N06845) Rod and Bar
Molybdenum Alloy (UNS N06617), and Nickel- B435 UNS N06002, UNS N06230, UNS N12160, and UNS
Iron-Chromium-Tungsten Alloy (UNS N06674) R30556 Plate, Sheet, and Strip
Plate, Sheet and Strip B443 Nickel-Chromium-Molybdenum-Columbiurh Alloy
B1p9 Aluminum Bronze Sheet, Strip, and Rolled Bar (UNS N06625) and Nickel*Chromium-
B1y1 Copper-Alloy Plate and Sheet for Pressure Vessels, Ig/{qolybder:jur;-s'lllcon Mpey (UNS N06219) Plate,
Condensers, and Heat Exchangers eet, and strip,
B1B7 Copper, Bus Bar, Rod, and Shapes and General B444 Nickel-Chromium*Molybdenum-Columbiurh Alloys
Purprose Rod 'Bar a;nd Shapes (UNS N06625,and UNS N06852) and Nickel-
T Chromium=Molybdenum-Silicon Alloy (NS
N06219) Pipe and Tube
B2Dp9 Aluminum and Aluminum-Alloy Sheet and Plate B446 NicKel-Chromium-Molybdenum-Columbiurh Alloy
B2[L0 Aluminum and Aluminum-Alloy Drawn Seamless (UNS N06625), Nickel-Chromium-Molyhdenum-
Tubes Silicon Alloy (UNS N06219), and Nickel
Chromium-Molybd -T ten Alloy[ (UNS
B2ll1 Aluminum and Aluminum-Alloy Rolled or Cold N0r606n512)l;n1110d0a};1d eBr;lrlm ungsten Alloy)(
Finished Bar, Rod, and Wire B462 Forged or Rolled Nickel Alloy Pipe Fl Forged
B2p1 Aluminum and Aluminum-Alloy Extruded Bars, or.ge. orRotied Nicke oy Fipe anges. or.ge
Rods. Wire. Profil d Tub Fittings, and Valves and Parts for Corrosiye High-
O_S' Ire, Froll e.s, and tubes ) Temperature Service
B2gl Al‘S‘:;‘:;‘]‘é‘;saggtfi‘é’e‘“é“;ﬁeAHOY Seamless Pipe and B463 UNS N08020 Alloy Plate, Sheet, and Strip
B464 1 20 Alloy Pi
B2¢#7 Aluminum and Aluminum-Alloy Die Forgings, Hand 6 Welded UNS N08020 Alloy Pipe
Forgings, and Rolled Ring Forgings B466 Seamless Copper-Nickel Pipe and Tube
B2p5 Titanium and Titanium Alloy Strip, Sheet;"and Plate B467 Welded Copper-Nickel Pipe
B2BO Seamless Copper Tube for Air Conditioning and B474 Electric Fusion Welded Nickel and Nickel Alloy Pipe
Refrigeration Field Service B491 Aluminum and Aluminum-Alloy Extruded [Round
B2B3 Copper and Copper-Alloy Die-Forgings (Hot- Tubes for General-Purpose Applications
Pressed) B493 Zirconium and Zirconium Alloy Forgings
B3B3 Nickel-Molybdenum*Alloy Plate, Sheet, and Strip B514 Welded Nickel-Iron-Chromium Alloy Pipe
B3B5 Nickel-Molybdénunt Alloy Rod B515 Welded UNS N08120, UNS N08800, UNS N08810,
d UNS N08811 Alloy Tub
B3#5 Aluminum and“*Aluminum-Alloy Seamless Pipe and an ] ) Oy tubes
Seamléss-Extruded Tube for Gas and Oil B517 Welded Nickel-Chromium-Iron-Alloy (UNS N06600,
Trafsmission and Distribution Piping Systems ENS N06603, UNS N06025, and UNS N(6045)
B3#8 Titanium and Titanium Alloy Bars and Billets B523 s 1ple i Welded Zi ] 47 ]
B3p1l Kactory-Made Wrought Aluminum and Aluminum- lelIlloes'Srth,les elded Zirconium and sirepnium
Alloy Welding Fittings B550 7 y 47 cum Allov B 4 Wi
B3p3 Seamless and Welded Unalloyed Titanium and ?rcon?um an ?rcon?um ¥ al? an re
TramtumT Attoy-Welding Fitmngs BS54 7'";["""'“*%%#9%_%' 't, and
t
B366 Factory-Made Wrought Nickel and Nickel Alloy ate
Fittings B564 Nickel Alloy Forgings
B367 Titanium and Titanium Alloy Castings B572 UNS N06002, UNS N06230, UNS N12160, and UNS
R30556 Rod
B371 Copper-Zinc-Silicon Alloy Rod ©
B381 Titani d Titani Allov Forei B574 Low-Carbon Nickel-Chromium-Molybdenum, Low-
itanium and Titanium Alloy Forgings Carbon Nickel-Molybdenum-Chromium, Low-
Carbon Nickel-Molybdenum-Chromium-
B407 Nickel-Iron-Chromium Alloy Seamless Pipe and Tantalum, Low-Carbon Nlckel-Chromlum?
Tube Molybdenum-Copper, and Low-Carbon Nickel-
Chromium-Molybdenum-Tungsten Alloy Rod
B408 Nickel-Iron-Chromium Alloy Rod and Bar
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pdition

Spec. No. Title Spec. No. Title
ASTM (Cont'd) ASTM (Cont’d)
B575 Low-Carbon Nickel-Chromium-Molybdenum, Low- B688 Chromium-Nickel-Molybdenum-Iron (UNS
Carbon Nickel-Chromium-Molybdenum-Copper, N08367) Plate, Sheet, and Strip
Low-Carbon Nickel-Chromium-Molybdenum- B690 Iron-Nickel-Chromium-Molybdenum Alloy (UNS
Tantalum, Low-Carbon Nickel-Chromium- N08367) Seamless Pipe and Tube
Molybdenum-Tungsten, and Low-Carbon Nickel-
Molybdenum-Chromium Alloy Plate, Sheet and
Strip B704 Welded UNSN06625,UNSN06219 and UNSN08825
B581 Nickel-Chromium-Iron-Molybdenum-Copper Alloy Alloy Tubes
Rod B705 Nickel-Alloy (UNS N06625, N06219 and N0882[5)
B582 Nickel-Chromium-Iron-Molybdenum-Copper Alloy Welded Pipe
Plate, Sheet, and Strip B709 Iron-Nickel-Chromium-Molybdenum, Alley (UNY
B584 Copper Alloy Sand Castings for General Applications N08028) Flate, Sheet, and Strjp
B725 Welded Nickel (UNS N02200/UNS N02201) angl
B619 Welded Nickel and Nickel-Cobalt Alloy Pi Nickel Copper Alloy (UNS/N04400) Pipe
- t
eded Tickel and Hickel-Lobalt Aty Hipe B729 Seamless UNS N08020, UNS N08026, and UNS
B620 Nickel-Iron-Chromium-Molybdenum Alloy (UNS N08024 Nickel-Alloy\Pipe and Tube
N08320) Plate, Sheet, and Strip
B621 Nickel-Iron-Chromium-Molybdenum Alloy (UNS d lded Pi
N08320) Rod B804 UNS N08367 and'UNS N08926 Welded Pipe
B622 Seamless Nickel and Nickel-Cobalt Alloy Pipe and Bg61 Titaniumgnd=Titanium Alloy Seamless Pipe
Tube B862 Titanitim) and Titanium Alloy Welded Pipe
B625 UNS N08925, UNS N08031, UNS N08932, UNS
N08926, UNS N08354, UNS N08830, and UNS E112 Standard Test Methods for Determining Average
R20033 Plate, Sheet, and Strip Grain Size
B626 Welded Nickel and Nickel-Cobalt Alloy Tube
B649 Ni-Fe-Cr-Mo-Cu-N Low-Carbon Alloys (UNS F3125 High Strength Structural Bolts, Steel and Alloy Stgel,
N08925,UNSN08031,UNSN08034,UNSN08354, Heat Treated, 120 ksi (830 MPa) and 150 ksji
and UNS N08926), and Cr-Ni-Fe-N Low-Carbon (1040 MPa) Minimum Tensile Strength
Alloy (UNS R20033) Bar and Wire, and Ni-Cr-Fe-
Mo-N Alloy (UNS N08936) Wire
B658 Seamless and Welded Zirconium and Zirconium API ] ]
Alloy Pipe 5L Line Pipe
B668 UNS N08028 Seamless Pipe and Tube
B675 UNS N08367 Welded Pipe CsA
7245.1 Steel Pipe
GENERAL NOTE: It is not practical to refer to“a specific edition of each standard throughout the Code text. Instead, the approved
references, plong with the names and addreésses of the sponsoring organizations, are shown in Appendix E.
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GENERAL NOTES:

(a)

(b)

(9

(d)

(e

®

NOTES:

&

2

(3)

NOTES FOR TABLES A-1, A-1M, A-1A, A-1B, A-2, AND A-2M

the material specification or by reference to Note (30) or
(310
Ay 7J

T'lfeallowable stress values, P-Number assignments, weld
jolntand casting quality factors, and minimum temperatures
in|Tables A-1, A-1A, A-1B, A-2, and A-2M, together with the
refferenced Notes in the stress tables, are requirements of
thlis Code.

Nptes (1) through (7) are referenced in column headings and
injbody headings for material type and product form; Notes
(q) and following are referenced in the Notes column for
specific materials. Notes marked with an asterisk (*)
rgstate requirements found in the text of the Code.

The stress values given in ksi as shown in Tables A-1 and A-2,
arjd given in MPa as shown in Tables A-1M and A-2M, may be
uged. The values stated in ksi are not exact equivalents to the
values stated in MPa. Therefore, for any given material, the
uger of the Code should use only the ksi or the MPa values.
For copper and copper alloys, the following symbols are
uged in the Temper column: H = drawn; HO1 = quarter
hard; HO2 = half hard; HO6 = extra hard; H55 = light
drawn; H58 = drawn, general purpose; H80 = hard
d
0

awn; HR50 = drawn, stress relieved; M20 = hot rolled;
P5 = hot rolled, annealed; 050 = light annealed; 060, =
sdft annealed; 061 = annealed; WO50 = welded, annealed;
and WO061 = welded, fully finished, annealed.

Far nickel and nickel alloys, the following abbreviations are
uded in the Class column: ann., annealed; C.D., cold worked;
forg., forged; H.F., hot finished; H.R,, hot relled; H.W., hot
wprked; plt.,, plate; R., rolled; rel., relieved;*sol., solution;
str., stress; and tr., treated.

In|Table A-1M, the following abbreyiations are used in the
Prpduct Form column: forg., forgings;ftg., fittings; pl., plate;
shps., shapes; sht, sheet; smlssseamless; struct., structural;
an(d wld., welded.

*The stress values jin“Tables A-1 and A-1M, and the design
stress values in Fables A-2 and A-2M, are basic allowable
stresses in tension in accordance with para. 302.3.1(a).
For pressufe'design, the stress values from Tables A-1
annd A-1Miafe multiplied by the appropriate quality
falctor E,(E. from Table A-1A or E; from Table A-1B).
S{ress-values in shear and bearing are stated in para.

(4a)

(4b)

(%)

(6)

()

8

186°C (~20°F to 366°F).

outside the temperature limits in Note (8a).

9

*In Table A-1, stress values printed in itali¢s elxceed two-
thirds of the expected yield strength at temperafure. Stress
values in boldface are equal to 90%)of expgcted yield
strength at temperature. See paras. 302.3.2fd)(3) and
302.3.2(e).
*In Table A-1M, stress values printed in italics pre tensile-
controlled values. Yield-controlled stress vajues are in
normal font and time-depéndent stress values gre in bold-
face.

*See ASME BPVC, Sectioh IX, QW-200.3 for a description of P-

Number groupingsXP-Numbers are indicated byjnumber or

by a number f¢llowed by a letter (e.g., 8, 5B, or 11A).

*The minimum temperature shown is that desigh minimum

temperature for which the material is normally suitable

withoutimpact testing other than that required Hy the mate-
rial\specification. However, the use of a materiallat a design
minimum temperature colder than -29°C (-209F) is estab-
lished by rules elsewhere in this Code, [including
para. 323.2.2 and other impact test requirenents. For
carbon steels with a letter designation in the Min. Temp.
column, see para. 323.2.2(e) and the applichble curve
and Notes in Figure 323.2.2A.

The letter “a” indicates alloys that are not recommended for

welding and that, if welded, must be individually qualified.

The letter “b” indicates copper base alloys that must be indi-

vidually qualified.

*There are restrictions on the use of this materid] in the text

of the Code as follows:

(a) See para. 305.2.1; temperature limits arp -29°C to

(b) See para. 305.2.2; pipe shall be safeguarded/when used

(c) See Table 323.2.2, box B-2.
(d) See para. 323.4.2(a).

(e) See para. 323.4.2(b).

(f) See para. 309.2.1.

(g) See para. 309.2.2.

*For pressure-temperature ratings of components made in
accordance with standards listed in Table 326.], see para.
326.2.1.Stress values in Tables A-1 and A-1M may be used to

3023ty thoseir compression im para. 302:31(c):

*The quality factors for castings E. in Table A-1A are basic
factors in accordance with para. 302.3.3(b). The quality
factors for longitudinal weld joints E; in Table A-1B are
basic factors in accordance with para. 302.3.4(a). See
paras. 302.3.3(c) and 302.3.4(b) for enhancement of
quality factors. See also para. 302.3.1(a), footnote 1.

The stress values for austenitic stainless steels in these
Tables may not be applicable if the material has been
given a final heat treatment other than that required by

(%9a)

calculate ratings for unlisted components, and special

ratings for listed components, as permitted by para. 303.
Component standards listed in Table 326.1 impose the
following restrictions on this material when used as a
forging: composition, properties, heat treatment, and
grain size shall conform to this specification; manufac-
turing procedures, tolerances, tests, certification, and
markings shall be in accordance with ASTM B564.

(20)
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(10)

(11

(12)

(13)

(14)

(15)

(16)
(17)
(18)
(19)

(20)

(21)

ASME B31.3-2020

*This casting quality factor is applicable only when proper
supplementary examination has been performed (see
para. 302.3.3).

*For use under this Code, radiography shall be performed
after heat treatment.

*Certain forms of this material, as stated in Table 323.2.2,
must be impact tested to qualify for service below -29°C
(=20°F). Alternatively, if provisions for impact testing are
included in the material specification as supplementary
used|down to the temperature at which the test was
condycted in accordance with the specification.
Propgrties of this material vary with thickness or size.
Stresp values are based on minimum properties for the
thickhess listed.

For yse in Code piping at the stated stress values, the
required minimum tensile and yield properties must be
verified by tensile test. If such tests are not required by
the material specification, they shall be specified in the
purchase order.

Thes¢ stress values are established from a consideration of
strength only and will be satisfactory for average service.
For bplted joints where freedom from leakage over a long
period of time without retightening is required, lower
stresg values may be necessary as determined from the
flexibiility of the flange and bolts and corresponding relaxa-
tion properties.

DELE[TED.

DELE[TED.

DELE[TED.

*Thiq specification includes requirements for random
radidgraphic inspection for mill quality control. If the
0.90 joint factor is to be used, the welds shall meet the
requjrements of Table 341.3.2 for longitudinal*butt
weldp with spot radiography in accordance with\Fable
302.3.4. This shall be a matter of special agreement
betwgen purchaser and manufacturer.

For plpe sizes 2DN 200 (NPS 8) with wall thicknesses =Sch
140, the specified minimum tensile strength is 483 MPa (70
ksi).
For thaterial thickness >127 mm)(5 in.), the specified
minipum tensile strength is 483 MPa (70 ksi).

(21a) For |material thickness 327 mm (5 in.), the specified

(22)

(23)
(24)

(25)

(26)

minfmum tensile strength is 448 MPa (65 ksi).
The mpinimum tensile-strength for weld (qualification) and
stresg values shown.shall be multiplied by 0.90 for pipe
havinjg an outsidezdiameter less than 51 mm (2 in.) and
a D/t valug less than 15. This requirement may be
waived if7it,;can be shown that the welding procedure
to bel used will consistently produce welds that meet

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

For temperatures above 427°C (800°F), these stress

values apply only when the carbon content is 0.04% or

higher.

For temperatures above 538°C (1,000°F), these stress

values apply only when the carbon content is 0.04% or

higher.

The stress values above 538°C (1,000°F) listed here shall be

used only when the steel’s austenitic micrograin size, as

defined in ASTM E112, is No. 6 or less (coarser grain).
herwise the e esHste he-samqmate-

rial, specification, and grade shall be used.
For temperatures above 538°C (1,000°F),these ptress
values may be used only if the material’ has| been
heat treated by heating to a minimum-temperatjre of
1093°C (2,000°F) and quenching in water or rapidly
cooling by other means.
For temperatures above 538°C%(1,000°F), these |stress
values may be used only if the material has beep heat
treated by heating to-arminimum temperatyre of
1038°C (1,900°F) and guenching in water or rapidly
cooling by other mearns.
Stress values shown are for the lowest strength baselmate-
rial permitted by the specification to be used in the jnanu-
facture of this grade of fitting. If a higher strength base
material is‘used, the higher stress values for that material
may be\used in design.
For welded construction with work hardened gradgs, use
the&“stress values for annealed material; for welded
construction with precipitation hardened grad¢s, use
the special stress values for welded construction|given
in the Tables.
If material is welded, brazed, or soldered, the allgwable
stress values for the annealed condition shall be ysed.

This steel is intended for use at high temperatures; it may
have low ductility and/or low impact properties aj room
temperature after being used above the temperaturg indi-
cated by para. F323.4(c)(4).
The specification permits this material to be furpished
without solution heat treatment or with other than § solu-
tion heat treatment. When the material has not been solu-
tion heat treated, the minimum temperature shall be|-29°C
(-20°F) unless the material is impact tested in accojdance
with para. 323.3.
Impact requirements for seamless fittings shpll be
governed by those listed in this Table for the parficular
base material specification in the grades perritted
(A312, A240, and A182). When A276 materialls are
used in the manufacture of these fittings, the Notes,
minimum temperatures, and allowable stressps for
comparable grades of A240 materials shall apply.

the liStedTmimimmom tensite strengtirof 165 MPa 24 ksi):
DELETED.

Yield strength is not stated in the material specification.
The value shown is based on yield strengths of materials
with similar characteristics.

This steel may develop embrittlement after service at
approximately 316°C (600°F) and higher temperature.
This unstabilized grade of stainless steel increasingly tends
to precipitate intergranular carbides as the carbon content
increases above 0.03%. See also para. F323.4(c)(2).

(38]
(39)

(40)

(41)

DELETED.

This material when used below -29°C (-20°F) shall be
impact tested if the carbon content is above 0.10%.
*This casting quality factor can be enhanced by supple-
mentary examination in accordance with para. 302.3.3(c)
and Table 302.3.3C. The higher factor from Table 302.3.3C
may be substituted for this factor in pressure design equa-
tions.

Design stresses for the cold drawn temper are based on hot
rolled properties until required data on cold drawn are
submitted.
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This is a product specification. No design stresses are nec-
essary. Limitations on metal temperature for materials
covered by this specification are as follows:

(56)

(57)

(58)

(59)

Because of thermal instability, this material is not recom-
mended for service above 427°C (800°F).

Conversion of carbides to graphite may occur after
prolonged exposure to temperatures over 427°C
(800°F). See para. F323.4(b)(2).

Conversion of carbides to graphite may occur after
prolonged exposure to temperatures over 468°C
(875°F). See para. F323.4(b)(3).

For temperatures above 482°C (900°F), consider the

Grade(s) Metal Temperature, °C (°F)
1 -29 to 482 (-20 to 900)
2, 2H, and 2HM -48 to 593 (=55 to 1,100)
3 -29 to 593 (-20 to 1,100)
6 —29 to 427 (=20 to 800)
7 -48 to 593 (=55 to 1,100)
7L -101 to 593 (-150 to 1,100)
7™ -48 to 593 (=55 to 1,100)
7ML -73 to 593 (-100 to 1,100)

8FA [see Note (39)]

-29 to 427 (20 to 800)

8MA and 8TA -198 to 816 (-325 to 1,500)

8, 8A, pnd 8CA -254 to 816 (-425 to 1,500)

(42a) |DELETED.

(42b) | This is a product specification. No design stresses are nec-

(43)

(44)

(45)

(46)

(47)

(48)

(49)

(50)

(51)

(52)

(53)

(54)

(55)

essary. For limitations on usage, see paras. 309.2.1 and
309.2.2.

The stress values given for this material are notapplicable
When either welding or thermal cutting is employed [see
para. 323.4.2(c)].

DELETED.

tress values shown are applicable for “die” forgings only.
Lines of allowable stresses in Tables A-1 and A-1M for all
materials in A312 include heavily cold worked (HCW)
material as defined in A312, para. 6.1.4.

f no welding is employed in fabrication of pipingAfrom
these materials, the stress values may be increased to
P30 MPa (33.3 ksi).

[he stress value to be used for this gray ironmaterial at its
pper temperature limit of 232°C (450°F)"is the same as
that shown in the 204°C (400°F) column!:

f the chemical composition of this‘Grade is such as to
ender it hardenable, qualifjcation under P-No. 6 is
equired.

[his material is grouped-in“P-No. 7 because its harden-
bility is low.

Chis material may Tequire special consideration for
velding qualification. See ASME BPVC, Section IX, QW/
DB-422. For uge'in this Code, a qualified WPS is required
for each strength level of material.

Copper:silicon alloys are not always suitable when
pxposed.to certain media and high temperature, particu-
arly7above 100°C (212°F). The user should satisfy
hintself/herself that the alloy selected is satisfactory for

(60)

(61)
(62)
(63)

(64)

(65)

Impact Test Temperature (°C) for Plate Thicknesg

aebvantases—ot-kiledsteelSeepara—325-4Hb) (4).

For all design temperatures, the maximum hardness shall
be Rockwell C35 immediately under the-thread roots. The
hardness shall be taken on a flat area atiledst 3 nm (Y in.)
across, prepared by removing thréads. No mofe material
than necessary shall be removedito prepare thefarea. Hard-
ness determination shall be made at the same flequency as
tensile tests.

Annealed at approximately’ 982°C (1,800°F).
Annealed at approximately 1 121°C (2,050°F)
For stress relieved tempers (T351, T3510, T3511, T451,
T4510, T4511¢, T651, T6510, T6511), stress|values for
material in thHe)listed temper shall be used.
The mininfum tensile strength of the redud
tensilesspecimen in accordance with AS
Section 1X, QW-462.1, shall not be less tha
(2:10:0 ksi).

The minimum temperature shown in Tables A-
is for the heaviest wall meeting the specified
property requirements in the specification. Th
temperature for lighter walls shall be as sh
following tabulation:

ed section
IME BPVC,
h 758 MPa

I and A-1M
mechanical
P minimum
bwn in the

es Shown

Spec. No. and Grade

Max. 51 mm Over 51 mm|to 76 mm

A203 A
A203 B
A203 D
A203 E

-68
-68
-101
-101

Impact Test Temperature (°F) for Plate Thicknesses Shown

Spec. No. and Grade Max. 2 in. Over 2 in. to 3 in.
A203 A -90 =75
A203 B -90 -T5
A203 D -150 -125
A203 E -150 -125

(66)

Stress values shown are 90% of those forthe corre-

the service for which it is to be used.

Stress relief heat treatment is required for service above
232°C (450°F).

The maximum operating temperature is arbitrarily set at
260°C (500°F) because hard temper adversely affects
design stress in the creep rupture temperature ranges.
Pipe produced to this specification is not intended for high
temperature service. The stress values apply to either
nonexpanded or cold expanded material in the as-
rolled, normalized, or normalized and tempered condition.

165

(67)

(68)

(69)

sponding core material.

For use under this Code, the heat treatment requirements
for pipe manufactured to A671, A672, and A691 shall be as
required by para. 331 for the particular material being
used.

The tension test specimen from plate 12.7 mm (% in.) and
thicker is machined from the core and does not include the
cladding alloy; therefore, the stress values listed are those
for materials less than 12.7 mm.

This material may be used only in nonpressure applica-
tions.
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(70)

(1)

(72)

(73)

(74)

(75)
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Alloy 625 (UNS N06625) in the annealed condition is
subject to severe loss of impact strength at room tempera-
ture after exposure in the range of 538°Cto 760°C (1,000°F
to 1,400°F).

These materials are normally microalloyed with Cb, V,
and/or Ti. Supplemental specifications agreed to by manu-
facturer and purchaser commonly establish chemistry

(76)
(77

DELETED.

The pipe grades listed below, produced in accordance with
CSA (Canadian Standards Association) Z245.1, shall be
considered as equivalents to API 5L and treated as
listed materials.

Grade Equivalents

more restrictive than the base specification, as well as API 5L CSA 72451
plate rolling specifications and requirements for weld- B 241
ability (i e, F.nr}niv:ﬂnnf) and fnnghnncc
For s¢rvice temperature >454°C (850°F), weld metal shall X42 290
have fa carbon content >0.05%. X46 317
Heat freatment is required after welding for all products of X52 359
zircopium Grade R60705. See Table 331.1.1. X56 386
Mechhnical properties of fittings made from forging stock

. . . X60 414
shall meet the minimum tensile requirements of one of the
bar, forging, or rod specifications listed in Table 2 of B366 X65 448
for which tensile testing is required. X70 483
Stress$ values shown are for materials in the normalized X80 550

and tempered condition, or when the heat treatment is

unknown. If material is annealed, use the following
valuep above 510°C (950°F):
Temp., {C 538 566 593 621 649
S, MPa| 55.1 39.3 26.2 16.5 9.6
Temp., °K 1,000 1,050 1,100 1,150 1,200
S, ksi 8.0 5.7 3.8 2.4 1.4

(78)

(79)

Not permitted for the P4 and P5 materials in Table 302.3.5
for Elevated Temperature Fluid Service.

For use underthis Code, impact testing shall be perf
in accordance/with para. 323.3 at the design mir

temperature but not warmer than -29°C (-20°F).

brmed
imum
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Table A-1 Basic Allowable Stresses in Tension for Metals

(20)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min. Basic Allowable Stress, S, ksi, at Metal

Strength, ksi

Temperature, °F [Notes (1), (4a)]

Class/ Min. Min.
Spec. Type/ Condition/ Temp., Temp.
Material No. Grade UNS No. Temper Notes °F (6) Tensile Yield to 100 200 300 400 500 600 650
Iron — Castings
Gray A48 20 F11401 (8e) (48) -20 20 20 20 20 20
Gray A278Q 20 E114.01 {8e}(48) 20 20 20 2020 20
Gray A126 A F11501 (8e) (9) (48) -20 21 20 20 20 20
Gray A48 25 F11701 (8e) (48) -20 25 25 25 25 25
Gray A278 25 F11701 (8e) (48) -20 25 25 25,25 25
Gray A48 30 F12101 (8e) (48) -20 30 3.0 30 3.0 3.0
Gray A278 30 F12101 (8e) (48) -20 30 30v 3.0 3.0 3.0
Gray Al126 B F12102 (8e) (9) (48) -20 31 30 3.0 3.0 3.0
Gray A48 35 F12401 (8e) (48) -20 35 35 35 35 35
Gray A278 35 F12401 (8e) (48) -20 35 35 35 35 35
Gray A48 40 F12801 (8e) (9) (48) -20 40 40 40 40 4.0
Gray A126 C F12802 (8e) (9) (48) 220 41 40 40 40 40
Gray A278 40 F12803 (8e) (53) 420 40 40 40 40 40 449 40 40
Gray A48 45 F13101 (8e) (48) -20 45 45 45 45 45
Gray A48 50 F13501 (8€).(48) -20 50 50 50 50 50 .| .. .
Gray A278 50 F13502 (8e) (53) -20 50 50 50 50 50 5( 50 5.0
Gray A48 55 F13801 (8e) (48) -20 55 55 55 55 55
Gray A48 60 F14101 (8e) (48) -20 60 60 6.0 6.0 6.0
Gray A278 60 F14102 (8e) (53) -20 60 60 60 60 60 64 60 6.0
Cupol A197 F22000 (8e) (9) -20 40 30 80 80 80 80 84 80 80
malleable
Malledble A47 \\32510 F22200 (8e) (9) -20 50 32,5 10.0 10.0 10.0 10.0 10.p 10.0 10.0
Ferritic A395 60-40-18 F32800 (8d) (9) -20 60 40 20.0 19.0 17.9 169 15.p 149 14.1
ductile
Austenitic A571 D-2M F43010 1 (8d) -20 65 30 200
ductile
Ductile A536 65-45-12 F33100 (8d) (9) -20 65 45 217 217 21.7 21.7 21.6
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable
Stress, S, Kksi,

at Metal
Specified Temperature,
Min. °F [Notes (1),
Strength, ksi (4a)]
Class/ Min. Min.
Spec. Type/ Condition/ Size, P-No. Temp., Temp.
Material No. Grade UNS No. Temper in. (5) Notes °F (6) Tensile Yield to 100. |200
Carbon Steel — Pipes and Tubes
A285 Gr. A| A134 A285A K01700 .. 1 (8b) (57) B 45 24 15:0 14.7
A285 Gr. A| A672 A4S K01700 .. 1 (57)(59) B 45 24 15.0 14.7
(67)
Butt weld API 5L A25 1 (8a) (77) -20 45 /25 15.0 15.0
Smls & ERW API 5L A25 1 (57) (59) B 45/ 25 150 |[15.0
(77
A179 .. K01200 .. 1 (57)(59) =20 47 26 15.7 15.7
Type F A53 A K02504 .. 1 (8a) 20 48 30 16.0 16.0
A139 A 1 (8b) A 48 30 16.0 16.0
A587 .. K11500 .. 1 (57)°(59) -20 48 30 16.0 16.0
A53 A K02504 o (57) (59) B 48 30 16.0 16.0
A106 A K02501 1 (57) B 48 30 16.0 16.0
A135 A 1 (57) (59) B 48 30 16.0 16.0
A369 FPA K02501 1 (57) B 48 30 16.0 16.0
API 5L A 1 (57)(59) B 48 30 16.0 16.0
A285 Gr. B| A134 A285B K02200 .. 1 (8b) (57) B 50 27 16.7 16.5
A285 Gr. B| A672 A50 K02200 & 1 (57) (59) B 50 27 16.7 16.5
(67)
A285 Gr. C| A134 A285C K02801 1 (8b) (57) A 55 30 18.3 18.3
A524 11 K02104 1 (57) -20 55 30 18.3 18.3
A333 1 K03008 1 (57)(59) -50 55 30 18.3 18.3
A334 1 K03008 1 (57) (59) -50 55 30 18.3 18.3
A285 Gr. C| A671 CAS5 K02801 1 (59) (67) A 55 30 18.3 18.3
A285 Gr. C| A672 AS5 K02801 1 (57) (59) A 55 30 18.3 18.3
(67)
A516 Gr. 5 A672 C55 K01800 ... 1 (57) (67) C 55 30 18.3 18.3
A516 Gr. 60— Ab7T _CCoU KUZT00 T (57) (67) T 60 32 20.0 19.5
A515 Gr. 60 A671 CB60 K02401 1 (57) (67) B 60 32 20.0 19.5
A515 Gr. 60 A672 B60 K02401 1 (57) (67) B 60 32 20.0 19.5
A516 Gr. 60 A672 C60 K02100 1 (57) (67) C 60 32 20.0 19.5
A139 B K03003 .. 1 (8b) A 60 35 20.0 20.0
A135 B K03018 .. 1 (57) (59) B 60 35 20.0 20.0
A524 1 K02104 .. 1 (57) -20 60 35 20.0 20.0
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/

300 |400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 Grade Speg. No.

Carbon Steel — Pipes‘and [Fubes
142 |13.7 130 123 119 115 107 9.2 7.9 59 . A13f
142 |13.7 130 123 119 115 107 9.2 7.9 59 4.0 2.5 1.6 1.0 A45 A67p
14.7 |14.2 A25 API 5L
14.7 |14.2 A25 API 5L
153 |148 141 133 128 124 107 9.2 7.9 59 4.0 2.5 1.6 1.0 A17p
16.0 |16.0 A A53
160 | .. A A13p
16.0 |16.0 160 153 146 125 107 9.2 7.9 A58)
16.0 |16.0 160 153 146 125 107 9.2 7.9 59\ 4.0 2.5 1.6 1.0 A A53
16.0 |16.0 16.0 153 146 125 10.7 9.2 7.9 59 4.0 2.5 1.6 1.0 A A10p
16.0 |16.0 160 153 146 125 10.7 9.2 7.9 59 4.0 2.5 1.6 1.0 A A13p
16.0 |16.0 160 153 146 125 107 9.2 7.9 59 4.0 2.5 1.6 1.0 FPA A36p
16.0 |16.0 160 153 146 125 107 9.2 7.9 59 4.0 2.5 1.6 1.0 A API 5L
159 |154 147 138 133 125 107 9.2 7.9 59 . A13f
159 |154 147 138 133 125 10.7 9.2 7.9 59 4.0 2.5 1.6 1.0 A50 A67p
17.7 |171 163 153 148143 13.0 10.8 8.7 59 . A134
17.7 1171 163 153 148) 143 13.0 10.8 8.7 59 4.0 2.5 11 A524
17.7 1171 163 153 (48 143 13.0 10.8 8.7 59 4.0 2.5 1.6 1.0 1 A33B
17.7 1171 163 153%\°148 143 13.0 10.8 8.7 59 4.0 2.5 1.6 1.0 1 A33f
17.7 |17.1 163 (153 148 143 13.0 10.8 8.7 59 4.0 2.5 1.6 1.0 CAS5 A67]L
17.7 |17.1 163153 148 143 13.0 10.8 8.7 59 4.0 2.5 1.6 1.0 A55 A67p
17.7 |17.1~163 153 148 143 13.0 10.8 8.7 59 4.0 2.5 1.6 1.0 C55 A67p
189 T8Z 174 IoZ 158 153 13.0 108 87 59 40 Z5 CTo6U A671
189 182 174 164 158 153 13.0 10.8 8.7 59 4.0 2.5 1.6 1.0 CB60 A671
189 182 174 164 158 153 13.0 10.8 8.7 59 4.0 2.5 1.6 1.0 B60 A672
189 182 174 164 158 153 13.0 10.8 8.7 59 4.0 2.5 1.6 1.0 C60 A672
20.0 B A139
200 199 190 179 173 167 139 114 8.7 59 4.0 2.5 B A135
200 199 190 179 173 167 139 114 8.7 59 4.0 2.5 I A524
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable
Stress, S, Kksi,

at Metal
Specified Temperature,
Min. °F [Notes (1),
Strength, ksi (4a)]
Class/ Min. Min.
Spec. Type/ Condition/ Size, P-No. Temp., Temp.
Material No. Grade UNS No. Temper in. (5) Notes °F (6) Tensile Yield to 100. |200
Carbon Steel — Pipes and Tubes
A53 B K03005 1 (57) (59) B 60 35 20:0 20.0
A106 B K03006 1 (57) B 60 35 20.0 20.0
A333 6 K03006 1 (57) =50 60 35 20.0 20.0
A334 6 K03006 1 (57) -50 60< 35 20.0 20.0
A369 FPB K03006 1 (57) -20 60, 35 20.0 20.0
A381 Y35 1 A 60 35 20.0 20.0
API 5L B 1 (57) (59) B 60 35 20.0 20.0
(77
A139 C K03004 1 (8b) A 60 42 20.0 20.0
A139 D K03010 1 (8b) A 60 46 20.0 20.0
API 5L X42 1 (55)77) A 60 42 20.0 |20.0
A381 Y42 1 A 60 42 20.0 20.0
A381 Y48 1 A 62 48 20.7 20.7
API 5L X46 1 (55) (77) A 63 46 21.0  [21.0
A381 Y46 1 .. A 63 46 21.0 21.0
A381 Y50 1 A 64 50 21.3 21.3
A516 Gr. 64 A671 CC65 K02403 1 (57)(67) B 65 35 21.7 21.4
A515 Gr. 6 A671 CB65 K02800 1 (57) (67) A 65 35 21.7 21.4
A515 Gr. 6§ A672 B65 K02800 1 (57) (67) A 65 35 21.7 214
A516 Gr. 6 A672 C65 K02403 1 (57) (67) B 65 35 21.7 214
A139 E K03012 .. 1 (8b) A 66 52 22.0 22.0
API 5L X52 1 (55) (77) A 66 52 22.0 22.0
A381 Y52 1 A 66 52 22.0 22.0
A516 Gr. 70 A671,5€C70 K02700 1 (57) (67) B 70 38 23.3 23.2
A515 Gr. 7 A671~ CB70 K03101 1 (57) (67) A 70 38 23.3 23.2
A515 Gr. 74 fA672 B70 K03101 1 (57) (67) A 70 38 23.3 23.2
A516 Gr. 70—A672—C70 ROZ700 T— 577 B 70 38 233 23.2
A106 C K03501 .. 1 (57) B 70 40 23.3 23.3
A537 Cl.1  A671 CD70 K12437 .. <2, thk. 1 (67) D 70 50 23.3 23.3
A537 Cl. 1 A672 D70 K12437 .. <2, thk. 1 (67) D 70 50 23.3 23.3
A537 CL. 1 A691 CMSH-70 K12437 .. <2Y, thk. 1 (67) D 70 50 23.3 23.3
API 5L X56 1 (51) (55) A 71 56 23.7 23.7
(71) (77)
A381 Y56 1 (51) (55) A 71 56 23.7 23.7
(71)
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/

300 |400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 Grade Speg. No.

Carbon Steel — Pipes and Tubés| (Cpnt'd)
20.0 (199 190 179 173 167 139 114 8.7 59 4.0 2.5 1.6 1.0 B A53
20.0 (199 190 179 173 167 139 114 8.7 59 4.0 2.5 1.6 1.0 B A10p
20.0 (199 190 179 173 16.7 139 114 8.7 59 4.0 2.5 1.6 1.0 6 A33B
200 (199 190 179 173 16.7 139 114 8.7 59 4.0 2.5 1.6 1.0 6 A33f
20.0 |199 19.0 179 173 167 139 114 8.7 59 4.0 2.5 1.6 1.0,/ EPB A36p
20.0 (199 190 179 173 167 139 114 8.7 59 4.0 2.5 1.6 10" Y35 A38]L
20.0 (199 190 179 173 16.7 139 114 8.7 59 4.0 2.5 1.6 1.0 B API 5L
20.0 C A13p
20.0 | .. D A13p
20.0 (20.0 X42 API 5L
20.0 (20.0 .. e e Y42 A38]L
20.7 (20.7 20.7 207 187 Y48 A38|L
21.0 |21.0 X46 API 5L
21.0 (21.0 Y46 A38]L
21.3 (213 213 213 187 Y50 A38][L
206 (199 190 179 173 16.7 _ 189 114 8.7 59 4.0 2.5 CC65 A67]L
206 (199 190 179 173 16.7 )139 114 8.7 59 4.0 2.5 1.6 1.0 CB65 A67]L
206 (199 190 179 173 167 139 114 8.7 59 4.0 2.5 1.6 1.0 B65 A67p
20.6 (199 190 179 173.\_16.7 139 114 8.7 59 4.0 2.5 1.6 1.0 Cé65 A67pR
22.0 | .. E A13p
22.0 (22.0 X52 API 5L
22.0 (22.0 Y52 A38|[L
224 216 206, 194 188 181 148 12.0 9.3 6.7 4.0 2.5 CC70 A67]L
224 |[21.6~206 194 188 181 148 12.0 9.3 6.7 4.0 2.5 1.6 1.0 CB70 A67]L
224 |26 206 194 188 181 148 12.0 9.3 6.7 4.0 2.5 1.6 1.0 B70 A67p
224 2T6 2006 194188 181 148120 93 6.7 4.0 25 15 TO0—C70 AG7
233 228 217 204 198 183 148 12.0 C A106
22.8 227 227 224 219 183 CD70 A671
22.8 227 227 224 219 183 D70 A672
228 227 227 224 219 183 CMSH-70 A691
23.7 237 X56 API 5L
23.7 237 Y56 A381
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable
Stress, S, Kksi,

at Metal
Specified Temperature,
Min. °F [Notes (1),
Strength, ksi (4a)]
Class/ Min. Min.
Spec. Type/ Condition/ Size, P-No. Temp., Temp.
Material No. Grade UNS No. Temper in. (5) Notes °F (6) Tensile Yield to 100. |200
Carbon Steel — Pipes and Tubes
A299 Gr. A| A671 CK75 K02803 >1 thk. 1 (57) (67) A 75 40 25.0 24.4
A299 Gr. A| A672 N75 K02803 >1 thk. 1 (57) (67) A 75 (40 25.0 244
A299 Gr. A| A691 CMS-75 K02803 >1 thk. 1 (57) (67) A 755 40 25.0 244
A299 Gr. A| A671 CK75 K02803 <1 thk. 1 (57)(67) A 75 42 25.0 25.0
A299 Gr. A| A672 N75 K02803 <1 thk. 1 (57)(67) A 75 42 25.0 25.0
A299 Gr. A| A691 CMS-75 K02803 <1 thk. 1 (57) (67) A 75 42 25.0 25.0
API 5L X60 1 (51) (55) A 75 60 25.0 25.0
(ZVN77)
API 5L X65 1 (5155) A 77 65 257 257
(71) (77)
API 5L X70 1\ (51) (55) A 82 70 27.3 27.3
(71) (77)
API 5L X80 1 (51) (55) A 90 80 30.0 30.0
(71) (77)
A381 Y60 1 (51) (71) A 75 60 25.0 25.0
Carbon Steel — Pipes (Structural Grade)
A1011 Gr. 30 A134 A1011SS30 K02502 1 (8a) (8¢) -20 49 30 15.0 15.0
A1011 Gr. 33 A134 A1011SS33 K02502 1 (8a) (8c) -20 52 33 15.9 15.9
A1011 Gr. 36 A134 A1011SS36-T1 ,-K02502 1 (8a) (8¢) =20 53 36 16.3 16.3
A1011 Gr. 40 A134 A1011SS40 K02502 1 (8a) (8c) -20 55 40 16.9 16.9
A36 Al134 A36 K02600 1 (8a) (8c) -20 58 36 17.8 17.8
A283 Gr. D| A134.\"A283D K02702 1 (8a) (8¢) -20 60 33 18.4 18.4
A1011 Gr. 45.:A134 A1011SS45 K02507 1 (8a) (8c) -20 60 45 18.4 18.4
A1011 Gr. 50 A134 A1011SS50 K02507 1 (8a) (8c) =20 65 50 19.9 19.9
Carbon Steel — Plates, Bars, Shapes, and Sheets
A285 A K01700 1 (57) (59) B 45 24 15.0 14.7
A285 B K02200 1 (57) (59) B 50 27 16.7 16.5
A516 55 K01800 1 (57) C 55 30 18.3 18.3
A285 C K02801 1 (57) (59) A 55 30 18.3 183
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/
300 [400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 Grade Spek. No.

Carbon Steel — Pipes and Tubés| (Cpnt'd)

23.6 228 21.7 204 198 191 157 126 9.3 6.7 4.0 2.5 1.6 1.0 CK75 A67|L
23.6 (228 217 204 198 191 157 126 9.3 6.7 4.0 2.5 1.6 1.0 N75 A67p
23.6 (228 217 204 198 191 157 126 9.3 6.7 4.0 2.5 1.6 1.0 CMS-75 A69L
248 239 228 215 208 19.6 CK75 A67[L
24.8 239 228 215 208 19.6 N75 A67p
248 (239 228 215 208 19.6 CMS-75 A69|L
25.0 [25.0 X60 API 5L
25.7 |25.7 X65 API 5L
27.3 |27.3 X70 API 5L
30.0 |30.0 X80 API 5L
25.0 [25.0 Y60 A38][L

Carbon Steel — Pipes (Structural Grade)

15.0 |15.0 A1011SS30 A13p
159 |15.9 A1011SS33 A13f
16.3 |16.3 A1011SS36-T1 A13f
169 |16.9 A1011SS40 A13p
17.8 (17.8 A36 A13ft
179 | .. A283D A13p
18.4 |18.4 A1011SS45 A13p
199 199 1011SS50 Al134

Carbon Steel — Plates, Bars, Shapes, and Sheets

142 137 13.0 123 119 115 10.7 9.2 7.9 59 4.0 2.5 1.6 1.0 A A285
159 154 147 138 133 125 107 9.2 7.9 59 4.0 2.5 1.6 1.0 B A285
17.7 171 163 153 148 143 13.0 108 8.7 59 4.0 2.5 55 A516
17.7 171 163 153 148 143 13.0 108 8.7 59 4.0 2.5 1.6 1.0 C A285
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable
Stress, S, Kksi,

at Metal
Specified Temperature,
Min. °F [Notes (1),
Strength, ksi (4a)]
Class/ Min. Min.
Spec. Type/ Condition/ Size, P-No. Temp., Temp.
Material No. Grade UNS No. Temper in. (5) Notes °F (6) Tensile Yield to 100. |200
Carbon Stel — Plates, Bars, Shapes, and Sheets
A516 60 K02100 .. 1 (57) C 60 32 20.0 19.5
A515 60 K02401 .. 1 (57) B 60 (32 20.0 19.5
A696 B K03200 .. 1 (57) A 60 B85 20.0 20.0
A516 65 K02403 .. 1 (57) B 65 35 21.7 21.4
A515 65 K02800 ... 1 (57) A 65 35 21.7 21.4
A516 70 K02700 1 (57) B 70 38 23.3 23.2
A515 70 K03101 1 (57) A 70 38 23.3 23.2
A696 C K03200 1 57 A 70 40 23.3 23.3
A537 .. K12437 1 <2% thk. 1 D 70 50 23.3 23.3
A299 A K02803 .. >1 thk. N (57) A 75 40 25.0 24.4
A299 A K02803 ... <1 thk. 1 (57) A 75 42 25.0 25.0
Carbon Stel — Plates, Bars, Shapes, and Sheets (Structural)
A1011 SS30 K02502 .. 1  (8c) (57) A 49 30 15.0 15.0
A1011 SS33 K02502 .. 1  (8c) (57) A 52 33 159 159
A1011 SS36-T1 K02502 W 1 (8c) (57) A 53 36 16.3 16.3
A283 C K02401 .. 1  (8c) (57) A 55 30 16.8 16.8
A1011 SS40 K02502 .. 1  (8c) (57) A 55 40 16.8 16.8
A36 .. K02600 ... 1 (8¢ A 58 36 17.8 17.8
A283 D K02702 .. 1 (8c) (57) A 60 33 18.4 18.4
A1011,5545 K02507 .. 1 (8c) (57) A 60 45 18.4 18.4
A1011 SS50 K02507 ... 1 (8c) (57) A 65 50 19.9 19.9
A992 1 (80) (57) A 65 50 199 19.9
Carbon Steel — Forgings and Fittings
A350 LF1 K03009 .. 1 9 ((57) (9 -20 60 30 20.0 18.3
A181 .. K03502 60 1 (9)(57) (59) A 60 30 20.0 18.3
A420 WPL6 K03006 .. 1 (57) -50 60 35 20.0 20.0
A234 WPB K03006 .. 1 (57)(59) B 60 35 20.0 20.0
A694 F42 K03014 .. 1 9 -20 60 42 20.0 20.0
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/
300 |400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 Grade Speg. No.
Carbon Steel — Plates, Bars, Shapes, and Sheets (Cpnt'd)
189 |182 174 164 158 153 13.0 10.8 8.7 59 4.0 2.5 60 A51p
189 |182 174 164 158 153 13.0 10.8 8.7 59 4.0 2.5 60 A51p
20.0 (199 19.0 179 173 156 B A69p
206 (199 190 179 173 167 139 114 8.7 59 4.0 2.5 65 A51p
206 (199 190 179 173 167 139 114 8.7 59 4.0 2.5 65 A51p
224 (216 206 194 188 181 148 12.0 9.3 6.7 4.0 2.5 70 A51p
224 (216 206 194 188 181 148 12.0 9.3 6.7 4.0 2.5 70 A51p
233 (228 21.7 205 19.7 183 C A69p
22.8 (227 227 224 219 183 CL1 A53f
23.6 (228 217 204 198 191 157 126 9.3 67\ " 4.0 2.5 1.6 1.0 A A29p
248 (239 228 215 208 19.6 157 126 9.3 6.7 4.0 2.5 1.6 1.0 A A29p
Carbon Steel — Plates, Bars, Shapes, and Sheets (Structural)
15.0 |15.0 150 141 134 115 9.8 30 A10[1
159 |159 159 155 134 115 9.8 33 A10[1
163 |163 163 163 134 115 9.8 36 Al0[1
16.3 |15.7 150 141 13.6 132 12.0 C A28B
168 |168 168 168 16.8( 144 12.0 40 A10[1
17.8 |178 178 169 \\164 144 A36
179 173 165.,\155 15.0 145 128 D A28B
184 |184 184\ 184 184 155 128 45 A10[1
199 1199199 199 189 155 128 50 Alof1
199 1199 199 199 189 155 128 105 A99p
Carbon Steel — Forgings and Fittings
17.7 171 163 153 148 143 138 114 8.7 59 4.0 2.5 LF1 A350
17.7 171 163 153 148 143 138 114 8.7 59 4.0 2.5 1.6 1.0 CL 60 A181
200 199 190 179 173 167 139 114 8.7 59 4.0 2.5 WPL6 A420
200 199 190 179 173 167 139 114 8.7 59 4.0 2.5 1.6 1.0 WPB A234
20.0 20.0 197 F42 A694
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable
Stress, S, Kksi,

at Metal
Specified Temperature,
Min. °F [Notes (1),
Strength, ksi (4a)]

Class/ Min. Min.

Spec. Type/ Condition/ Size, P-No. Temp., Temp.
Material No. Grade UNS No. Temper in. (5) Notes °F (6) Tensile Yield to 100. |200

Carbon Steel — Forgings and Fittings
A707 L1 K02302 1 9 -20 60 42 20:0 20.0
A707 L2 K03301 1 9 -50 60 42 20.0 20.0
A707 L3 K12510 1 9 -50 60 42 20.0 20.0
A860 WPHY 42 1 -50 60 42 20.0 20.0
A694 F46 K03014 .. 1 9 -20 63 46 21.0 21.0
A860 WPHY 46 1 . -50 63 46 21.0 21.0
A694 F52 K03014 1 9 -20 66 52 22.0 22.0
A707 L1 K02302 1 9 =20 66 52 22.0 22.0
A707 L2 K03301 1 9 -50 66 52 22.0 22.0
A707 L3 K12510 1 (9 -50 66 52 22.0 22.0
A860 WPHY 52 1 -50 66 52 22.0 22.0
A350 LF2 K03011 1 (9 (57) -50 70 36 233|220
A350 LF2 K03011 2 1 9 (57) 0 70 36 23.3 22.0
A105 .. K03504 ... 1 (9 (57) (59) -20 70 36 23.3 22.0
A181 .. K03502 70 1 (9)(57) (59) A 70 36 23.3 22.0
A234 WPC K03501 .. 1 (57) (59) B 70 40 23.3 23.3
A694 F56 K03014 1 9 -20 71 56 23.7 23.7
A694 F60 K03014 1 9 -20 75 60 25.0 25.0
A707 L2 K03301 1 9 -50 75 60 25.0 25.0
A707 L3 K12510 1 9 -50 75 60 25.0 25.0
A860 WPHY 60 1 -50 75 60 25.0 [25.0
A694 F65 K03014 1 9 -20 77 65 25.7 25.7
A860, <WPHY 65 1 . -50 77 65 25.7 25.7
A694-\F70 K03014 1 (9)(79) 82 70 27.3 27.3
A860 WPHY 70 1 -50 82 70 27.3 27.3
Carbon Steel — Castings

A216 WCA J02502 .. 1 (57) -20 60 30 20.0 18.3
A352 LCB J03003 .. 1 (9)(57) -50 65 35 21.7 21.4
A352 LCC J02505 1 9 -50 70 40 233 23.3
A216 WCB J03002 .. 1 (9)(57) -20 70 36 23.3 22.0
A216 WCC J02503 .. 1 (9)(57) -20 70 40 23.3 23.3
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type,
300 [400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 Gg’dé Speg. No.
Carbon Steel — Forgings and Fittings| (Cpnt'd)
20.0 [20.0 19.7 L1 A70f
20.0 [20.0 19.7 L2 A70f
20.0 [20.0 197 L3 A70f
20.0 (20.0 19.7 WPHY 42 A86D
21.0 [21.0 21.0 F46 A69¢
21.0 [21.0 21.0 WPHY 46 A86)
22.0 [22.0 220 F52 A69f
22.0 [22.0 220 L1 A70f
22.0 [22.0 220 L2 A70f
22.0 [22.0 220 L3 A70f
22.0 [22.0 220 WPHY 52 A86)
21.2 (205 196 184 178 172 148 12.0 9.3 6.7 4.0 2.5 LF2 CL. 1 A35D
21.2 [20.5 196 184 178 172 148 12.0 9.3 6.7 4.0 2.5 LF2 ClL. 2 A35D
212 205 196 184 178 172 148 120 9.3 6.7 4.0 2.5 1.6 1.0 . A10p
212 205 196 184 178 172 148 120 9.3 6.7 4.0 2.5 1.6 1.0 CL70 A18|L
233 (228 217 204 198 183 148\_12.0 .. WPC A234
23.7 |23.7 237 F56 A69¢
25.0 [25.0 25.0 F60 A69¢
25.0 [25.0 25.0 L2 A70f
25.0 [25.0 25.0 L3 A70y
25.0 [25.0 25.0 WPHY 60 A86p
25.7 [25.7 257 F65 A69p
25.7 [25.7 257 WPHY 65 A86p
27.3 |27.3 F70 A69f
27.3 |2%3 WPHY 70 A86)

Carbon Steel — Castings

17.7 171 163 153 148 143 138 114 8.7 59 4.0 2.5 1.6 1.0 WCA A216
206 199 190 179 173 167 139 114 9.0 63 4.0 2.5 1.6 1.0 LCB A352
233 228 217 204 198 19.2 LCC A352
21.2 205 196 184 178 172 148 120 9.3 6.7 4.0 2.5 1.6 1.0 WCB A216
233 228 217 204 198 183 148 120 9.3 6.7 4.0 2.5 wcCC A216
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic
Allowable
Stress, S,
ksi, at Metal
Temperature,
Specified Min. °F [Notes (1),
Strength, ksi (4a)]

Class/ Min. Min.

Nomipal Spec. Type/ UNS Condition/ Size, P-No. Temp., Temp.
Compogition No. Grade No. Temper in. (5) Notes °F (6) Tensile Yield to 100.0R00
Low and Intermediate Alloy Steel — Pipes
L,cr-Y%Mo A335 P2 K11547 3 -20 55 30 183 [18.3
YCr-Y%4Mo A691 %CR  K12143 3 (11) (67) -20 55 33 183 [18.3
A387 Gr.[2 CL. 1
c-%Mo A335 P1 K11522 3 (58) -20 55 30 183 [18.3
C-Y4Mo A369 FP1 K11522 3 (58) -20 55 30 183 [18.3
Y% Cr-",Mo A369 FP2 K11547 3 -20 55 30 183 [18.3
1Cr-*4Mo A691 1CR K11757 4 (11) (67) =20 55 33 183 [18.3
A387 Gr.[12 cl. 1
Y Cr-"Mo A426 CP2 J11547 . 3 (10) -20 60 30 200 [18.8
1%Si-%,Mol A335 P15 K11578 w 3 -20 60 30 200 [88
C-Y%Mo-Si A426 CP15  J11522 . 3 (10) -20 60 30 200 [188
1Cr-"%Mo A426 CP12  J11562 . 4 10) -20 60 30 200 [18.1
5Cr-1%Si-%Mo A426 CP5b  ]51545 . 5B (10) -20 60 30 200 81
3Cr-Mo A426 CP21 31545 o 5A  (10) -20 60 30 200 [18.7
¥,Cr-3/,Ni-Gu-Al A333 4 K11267 . 4 -150 60 35 200 9.1
2Cr-"Mo A369 FP3b  K21509 . 4 -20 60 30 200 [18.7
1Cr-*4Mo A335 P12 K11562 . 4 -20 60 32 200 9.3
1Cr-'4Mo A369 FP12  K11562 . 4 -20 60 32 200 9.3
1Y,Cr-"4Md-Si A335 P11 K11597 . 4 -20 60 30 200 [I85
1Y,Cr-Y,Md-Si A369 FP®IN/ K11597 . 4 -20 60 30 200 185
1Y,Cr-%Md-Si A691 ) 1%CR  K11789 . 4 (11) (67) -20 60 35 200 p0.0
A387 Gr.[11 Cl. 1
5Cr-'4Mo A691 5CR K41545 .. 5B (11) (67) -20 60 30 200 81
A387 Gr.[5 CLA
5Cr-4Mo A335 P5 RZT5%45 - OB =20 60 30 200 18.1
5Cr-%Mo-Si A335 P5b K51545 . 5B .. -20 60 30 200 181
5Cr-%Mo-Ti A335 P5c K41245 .. 5B .. -20 60 30 200 181
5Cr-"%Mo A369 FP5 K41545 .. 5B .. -20 60 30 200 181
9Cr-1Mo A335 P9 K90941 .. 5B .. -20 60 30 200 181
9Cr-1Mo A369 FP9 K90941 .. 5B .. -20 60 30 200 181
9Cr-1Mo A691 9CR K90941 .. 5B (11) (67) -20 60 30 200 181

A387 Gr.9CL. 1
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/ Speg.
300 | 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade (\No
Low and Intermediate Alloy Steel —) Pip¢s
180 | 174 169 164 161 157 154 149 145 139 92 59 P2 A33p
183|183 183 180 17.7 173 169 164 159 143 92 59 (R A69
180 | 174 169 164 161 157 154 149 145 137 82 48 4.0 2.4 P1 A33
18.0 | 174 169 164 161 157 154 149 145 137 82 438 4.0 2.4 FP1 A36
180 | 174 169 164 161 157 154 149 145 139 92 59 4.1 2.5 .. FP2 A36
176 | 176 172 168 165 163 160 157 154 150 113 7.2 4.5 2.8 1.8 1.1 1CR A69
180 | 174 169 164 161 157 154 149 145 139 92 59 4.0 2.4 CP2 A42
18.2 |1 17.7 173 168 16.6 163 159 154 138 125 100 6.3 4.0 2.4 P15 A33
182 |17.7 173 168 166 163 159 154 138 125 100 _63 4.0 2.4 CP15 A42
17.0 | 16.2 157 152 150 148 146 143 140 136 113" 7.2 4.5 2.8 1.8 1.1 CP12 A42
174 1172 171 168 16.6 163 159 154 143 109~ 80 58 4.2 2.9 1.8 1.0 CP5b A42
182 1180 179 179 179 179 179 177 160120 9.0 7.0 5.5 4.0 2.7 1.5 CP21 A42
182|173 164 155 150 .. . 4 A33
182|180 179 179 179 179 179 177 175 125 100 6.2 4.2 2.6 1.4 1.0 FP3b A36
181|173 16.7 163 16.0 158 55 153 149 145 113 7.2 4.5 2.8 1.8 1.1 P12 A33
181|173 167 163 160 158 55 153 149 145 113 7.2 4.5 2.8 1.8 1.1 FP12 A36
17.6 | 168 162 157 154, 151 148 144 140 136 93 63 42 2.8 1.9 1.2 P11 A33
17.6 | 168 16.2 157 154 151 148 144 140 136 93 6.3 4.2 2.8 1.9 1.2 FP11 A36
20.0 [ 19.6 189 _a88 18.0 17.6 17.2 168 164 13.7 93 63 4.2 2.8 1.9 1.2 1%CR  A69
174 | 17.2 70/ 168 166 163 159 154 143 109 80 58 4.2 2.9 1.8 1.0 5CR A69
174 —I7Z 17.I 168 166 163 159 154 143 109 BU 53 w4 Z9 T3 TU PS5 A335
174 172 171 168 16.6 163 159 154 143 109 80 58 4.2 2.9 1.8 1.0 P5b A335
174 172 171 168 166 163 159 154 143 109 80 58 4.2 2.9 1.8 1.0 P5c A335
174 172 171 168 166 163 159 154 143 109 80 58 4.2 2.9 1.8 1.0 FP5 A369
174 172 171 168 166 163 159 154 148 141 106 74 5.0 3.3 2.2 1.5 P9 A335
174 172 171 168 166 163 159 154 148 141 106 74 5.0 3.3 2.2 1.5 FP9 A369
174 172 171 168 166 163 159 154 148 141 106 74 5.0 3.3 2.2 1.5 9CR A691
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ASME B31.3-2020

Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Basic
Allowable
Stress, S,
ksi, at Metal

Temperature,

Specified Min. °F [Notes (1),

Strength, ksi (4a)]
Class/ Min. Min.
Nomipal Spec. Type/ UNS Condition/ Size, P-No. Temp., Temp.

Compogition No. Grade No. Temper in. (5) Notes °F (6) Tensile Yield to 100.0R00
Low and Intermediate Alloy Steel — Pipes
3Cr-1Mo A335 P21 K31545 5A -20 60 30 20.0 18.7
3Cr-1Mo A369 FP21  K31545 5A -20 60 30 20.0 87
3Cr-1Mo A691 3CR K31545 5A (11) (67) -20 60 30 20.0 [185

A387 Gr.[21 Cl. 1
2Y,Cr-1Mo A691 2%CR K21590 5A  (11) (67) (72) -20 60 30 200 [18.7
A387 Gr.[22 Cl. 1 (75)

2Y,Cr-1Mo A369 FP22  K21590 5A  (72) (75) =20 60 30 200 [18.7
2%,Cr-1Mo A335 P22 K21590 5A (72) (75) -20 60 30 20.0 8.7
2Ni-1Cu A333 K22035 9A -100 63 46 21.0
2Ni-1Cu A334 K22035 9A -100 63 46 21.0
2Y,Ni A333 7 K21903 9A -100 65 35 217
2Y,Ni A334 7 K21903 9A -100 65 35 21.7 p1.
3%Ni A333 K31918 9B -150 65 35 21.7 P14
31/2Ni A334 K31918 9B -150 65 35 21.7 P1.
c-%Mo A426 CP1 J12521 3 (10) (58) -20 65 35 21.7 P17
C-%Mo A204 Gr. A A672 L65 K11820 3 (11) (58) (67) -20 65 37 21.7 Pl
C-%Mo A204 Gr. A A691 CM-65 K11820 3 (11) (58) (67) -20 65 37 217 p1
2%Ni A203|Gr. B A671 CFB70 ,.K22103 9A (11) (65) (67) -20 70 40 23.3
3%Ni A203|Gr. E A671 CFE70\~K32018 9B (11) (65) (67) -20 70 40 233
C-%Mo A204 Gr. B A672 £ L70 K12020 3 (11) (58) (67) -20 70 40 233  p3.
C-"%Mo A204 Gr. B A691 ) CM-70 K12020 3 (11) (58) (67) -20 70 40 233 p3.
1Y,Cr-Y,M( A426 CP11 J12072 4 (10) -20 70 40 233 P3.
2%,Cr-1Mo A426 CP22 21890 5A  (10) (72) -20 70 40 233 p3
C-Y4Mo A2046r—E—A6F—+75 42320 3 581 6H 26 75 43——35:6—25.0
C-%4Mo A204 Gr.C  A691 CM-75 K12320 3 (11) (58) (67) -20 75 43 25.0 25.0
9Cr-1Mo-V A335 P91 K90901 <3 thk. 15E .. -20 85 60 283 283
9Cr-1Mo-V A691 91 K90901 <3 thk. 15E  (11) (67) -20 85 60 283 283
5Cr-%Mo A426 CP5 142045 5B (10) -20 90 60 30.0 299
9Cr-1Mo A426 CP9 ]82090 5B (10) -20 90 60 30.0 299
9Ni A333 8 K81340 11A (47) -320 100 75 333 333
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/ Spe¢.
300 | 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade (\No
Low and Intermediate Alloy Steel — Pipes-(Cont’'q)
182 1180 179 179 179 179 179 177 160 120 9.0 7.0 5.5 4.0 2.7 1.5 P2i A33
182|180 179 179 179 179 179 177 160 120 9.0 7.0 5.5 4.0 2.7 1.5 NFP21 A36
182|180 179 179 179 179 179 177 160 120 9.0 7.0 5.5 4.0 2.7 15 3CR A69
182|180 179 179 179 179 179 177 171 136 108 8.0 5.7 3.8 (24 1.4 2YCR A69
182|180 179 179 179 179 179 177 171 136 108 8.0 5.7 38 24 14 FP22 A36
182|180 179 179 179 179 179 177 171 136 108 8.0 5.7 38 24 14 P22 A33
A33
A334
20.6 (199 189 17,5 16.7 157 139 114 9.0 65 4%y 25 1.6 1.0 7 A33
20.6 (199 189 17,5 16.7 157 139 114 9.0 65 45 25 1.6 1.0 7 A334
206 | 199 189 175 16.7 157 139 114 9.0,()6.5 45 25 1.6 1.0 A33
20.6 (199 189 17,5 16.7 157 139 114 90 65 45 25 1.6 1.0 A334
21.0 ( 20.3 19.7 191 18.7 184 179 174) 169 137 82 48 4.0 2.4 CP1 A42
21.7 [ 21.5 20.8 20.2 19.8 194 1904°184 179 137 82 48 4.0 2.4 L65 A67
21.7 | 215 208 202 198 194~419.0 184 179 13.7 82 48 4.0 2.4 CM-65 A69
CFB70 A67
CFE70 A67
233|232 225 218)214 210 205 199 193 13.7 82 48 4.0 2.4 L70 A67
233 (232 225 Q218 214 21.0 205 199 193 137 82 48 4.0 2.4 CM-70 A69
23.3 (225 277 209 205 201 19.7 192 187 13.7 93 63 4.2 2.8 1.9 1.2 CP11 A42
22.6 | 226226 226 226 226 226 226 219 158 114 78 5.1 3.2 2.0 1.2 CP22 A42
25.0 250242234 —23:0—226—22:60—2F4 207 —13F—82—=#"8 46 24 E75 AGCT2
25.0 25.0 24.2 234 23.0 226 .0 214 207 137 4.8 4.0 2.4 CM-75 A691
283 282 281 27.7 273 26.7 259 249 237 223 20.7 18.0 14.0 103 7.0 43 P91 A335
283 282 281 27.7 273 267 259 249 237 223 207 180 140 103 7.0 43 91 A691
29.1 288 28.7 283 279 273 265 255 242 164 110 74 5.0 3.3 2.2 1.5 CP5 A426
29.1 288 28.7 283 279 273 265 255 242 164 110 74 5.0 38 22 1.5 CP9 A426
8 A333
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic
Allowable
Stress, S,
ksi, at Metal
Temperature,
Specified Min. °F [Notes (1),
Strength, ksi (4a)]
Class/ Min. Min.
Nomipal Spec. Type/ UNS Condition/ Size, P-No. Temp., Temp.
Compogition No. Grade No. Temper in. (5) Notes °F (6) Tensile Yield to 100.0R00
Low and Intermediate Alloy Steel — Pipes
O9Ni A334 8 K81340 11A .. -320 100 75 33.3 B3.3
Low and Injtermediate Alloy Steel — Plates
YCr-"4Mo A387 2 K12143 1 . 3 -20 55 33 183 [183
1Cr—1/2M0 A387 12 K11757 1 . 4 -20 55 33 18.3 18.0
9Cr-1Mo A387 9 K90941 1 5B -20 60 30 20.0 [8.1
1Y,Cr-"4Md-Si A387 11 K11789 1 4 520 60 35 20.0 p0.0
5Cr-4Mo A387 5 K41545 1 5B -20 60 30 20.0 [8.1
3Cr-1Mo A387 21 K31545 1 5A -20 60 30 20.0 [183
2%,Cr-1Mo A387 22 K21590 1 5A (72) -20 60 30 20.0 8.7
21/4Ni A203 A K21703 . 9A (12) (65) -20 65 37 21.7 P1.7
3%Ni A203 D K31718 . 9B (12) (65) -20 65 37 217 P17
c-%Mo A204 A K11820 w23 (58) -20 65 37 21.7  p1.7
1Cr-"%Mo A387 12 K11757 2 4 -20 65 40 21.7 p13
2Y,Ni A203 B K22103 . 9A (12) (65) -20 70 40 233 P33
3%Ni A203 E K32018 .. 9B (12) (65) -20 70 40 233 Pp3.
Ycr-Y%Mo A387 2 K12143 2 . 3 -20 70 45 233 P
C-*4Mo A204 B K12020 w3 (58) -20 70 40 233 Pp3.
Mn-%,Mo A302 A K12021 w3 -20 75 45 25.0 Pp5.0
C-*%Mo A204 C K12320 w3 (58) -20 75 43 25.0 P5.0
1%,Cr-%,Md-Si A387 11 K11789 2 4 -20 75 45 250 P5.0
5Cr-"%Mo A387 (5 K41545 2 5B -20 75 45 25.0 P49
3Cr-1Mo A387 ) 21 K31545 2 5A =20 75 45 25.0 5.0
2Y%,Cr-1Mo A387 22 K21590 2 5A (72) -20 75 45 25.0 P5.0
Mn-Y%,Mo A302 B K12022 w3 -20 80 50 26.7 p6.7
Mn-%Mo-"Ni A302 C K12039 w3 -20 80 50 26.7 p6.7
Mn-Y%Mo-¥;Ni A302 D K12054 .. 3 -20 80 50 26.7 6.7
9Cr-1Mo-V A387 91 K90901 2 <3 thk. 15E ... -20 85 60 283 283
8Ni A553 11 K71340 11A (47) -275 100 85 33.3
5Ni-Y,Mo A645 A K41583 .- 11A .. -275 95 65 31.7 317
9Ni A553 1 K81340 . 11A (47) -320 100 85 333 333
O9Ni A353 .. K81340 11A (47) -320 100 75 33.3 33.3
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/ Speg.
300 | 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade (\No
Low and Intermediate Alloy Steel — Pipes-(Cont’'q)
8 A334
Low and Intermediate Alloy Steel — Platgs
183|183 183 180 177 173 169 164 159 143 92 59 .. .« 2CL1 A387
176 (17.6 172 168 165 163 16.0 157 154 150 11.3 7.2 4.5 2.8 1.8 1.1 12CL1 A387Y
1741172 171 168 166 163 159 154 148 141 106 74 5.0 3.3 212 1.5 9CL1 A387
20.0 {19.6 189 183 18.0 17.6 172 168 164 137 93 63 4.2 2:8 1.9 1.2 11CL1 A387
174 (172 171 168 166 163 159 154 143 109 8.0 5.8 4.2 2.9 1.8 1.0 5CL1 A387Y
175 117.0 166 1622 16.0 158 155 152 149 12.0 9.0 7.0 5.5 4.0 2.7 1.5 21CL1 A38Y
182 1180 179 179 179 179 179 177 171 136 108 8.0 5.7 38 24 14 22CL1 A387
21.7 1211 20.0 185 17.6 166 139 114 9.0 6.5 4.5 2.5 A A20
21.7 1211 200 185 17.6 166 139 114 9.0 6.5 45 2.5 D A20
21.7 | 21.5 208 20.2 19.8 194 19.0 184 179 13.77,°82 48 4.0 2.4 . A A204
20.8 | 20.8 20.8 20.3 20.0 19.7 194 191 186 180 113 7.2 45 2.8 1.8 1.1 12 CL 2 A387
233 (228 21.6 20.0 19.0 169 139 114 <90 65 45 25 B A20
233 (228 21.6 20.0 19.0 18.0 148 12,00\'9.3 6.5 45 25 E A20
233|233 233 233 233 233 231 224 217 209 9.2 5.9 2ClL 2 A387
233 (232 225 218 214 21.0 20:5% 199 193 137 82 48 4.0 2.4 B A204
25.0 [ 25.0 25.0 25.0 249 244239 232 200 137 82 48 .. A A30
25.0 | 25.0 24.2 234 23.0,~226 22.0 214 207 137 8.2 4.8 4.0 2.4 C A204
25.0 | 25.0 244 235 23¥ 22,6 222 216 202 13.7 93 63 4.2 2.8 1.9 1.2 11CL 2 A387
24.2 | 24.0 24.0 236).232 227 165 16.0 151 109 80 58 4.2 29 1.8 1.0 5CL2 A387
242 | 242 242 Q42 242 242 242 242 181 131 9.5 6.8 49 3.2 2.4 1.3 21CL2 A387Y
243 | 241 240\.23.8 23.6 234 23.0 225 219 158 114 7.8 5.1 3.2 2.0 1.2 22CL2 A387
26.7 | 267-.26.7 26.7 26.7 26.7 265 257 200 137 82 48 B A30
26.7 | 267" 26.7 26.7 26.7 26.7 265 257 200 137 82 48 C A30
26.7 26.7 26.7 267 26.7 26.7 265 257 20.0 13.7 8.2 4.8 D A30
283 282 281 27.7 273 26.7 259 249 237 223 20.7 18.0 14.0 103 7.0 43 91CL2 A387
II A553
A A645
I A553
A353
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic
Allowable
Stress, S,

ksi, at Metal

Temperature,

Specified Min. °F [Notes (1),

Strength, ksi (4a)]
Class/ Min. Min.
Nomipal Spec. Type/ UNS Condition/ Size, P-No. Temp., Temp.

Compogition No. Grade No. Temper in. (5) Notes °F (6) Tensile Yield to 100.0R00
Low and Intermediate Alloy Steel — Forgings and Fittings

C—l/zMo A234 WP1 K12821 . 3 (58) -20 55 30 18.3 18.3

1Cr-%Mo A182 F12 K11562 1 w4 9) -20 60 32 20.0 9.3

1Cr-"%Mo A234 WP12 K12062 1 w4 -20 60 32 20.0 9.3

11/4Cr—1/2M( -Si A182 F11 K11597 1 . 4 9) ~20 60 30 20.0 18.5

1Y,Cr-Y4Md-Si A234 WP11 K11597 1 . 4 320 60 30 200 [185

2%,Cr-1Mo A182 F22 K21590 1 .. 5A 9) (72)75) -20 60 30 20.0 8.7

21/4Cr—1M0 A234 WP22 K21590 1 .. 5A (72) -20 60 30 20.0 18.7

5Cr-"%Mo A234 WP5S K41545 .. B5B -20 60 30 20.0 [81

9Cr-1Mo A234 WP9 K90941 @ 5B -20 60 30 20.0 [81

31/2Ni A420 WPL3 K31918 .. O9B -150 65 35 21.7 P1.4

3%Ni A350 LF3 K32025 .. 9B 9) -150 70 375 233 P29

Ycr-Y%Mo A182 F2 K12122 . 3 9) -20 70 40 233 P33

C-"%Mo A182 F1 K12822 . 3 (9) (58) -20 70 40 233 P33

1Cr-"%Mo A182 F12 K11564 2 . 4 9) -20 70 40 233 P29

1Cr-"%Mo A234 /SWPR12 K12062 2 w4 -20 70 40 233 P29

11/4Cr—1/2M( -Si A182 F11 K11572 2 . 4 9) -20 70 40 23.3 3.3

11/4Cr—1/2M( -Si A234 WP11 K11572 2 . 4 -20 70 40 23.3 3.3

5Cr-"%Mo A182 F5 K41545 .. B5B 9) -20 70 40 233 233

3Cr-1Mo A182 F21 K31545 .. 5A 9) -20 75 45 25.0 25.0

2%,Cr-1Mo A182 F22 K21590 3 .. B5A 9) (72) -20 75 45 25.0 25.0

2%,Cr-1Mo A234 WP22 K21590 3 .. 5A (72) -20 75 45 25.0 250

9Cr-1Mo A182 F9 K90941 .. 5B 9) -20 85 55 283 283
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/ Speg.
300 | 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade (\No
Low and Intermediate Alloy Steel — Forgings and\Fittings
180 | 174 169 164 161 157 154 149 145 137 82 48 4.0 2.4 WR1 A234
181|173 167 163 160 158 155 153 149 145 113 7.2 4.5 2.8 1.8 1h1./ F12Cl. 1 A18
181|173 167 163 160 158 155 153 149 145 113 7.2 4.5 2.8 1.8 11 WP12 A234
ClL1
17.6 | 168 162 157 154 151 148 144 140 136 93 63 4.2 28 1.9 1.2 F11ClL1 A18
176 | 168 162 157 154 151 148 144 140 136 93 63 4.2 28 1.9 1.2 WP11 A23%4
ClL1
182|180 179 179 179 179 179 17.7 171 136 108 8.0 5.7 38 24 14 F22ClL1A18
182 1180 179 179 179 179 179 177 171 13.6 108 840 5.7 38 24 14 WP22 A234
ClL1
1741172 171 168 166 163 159 154 143 109 %80 58 4.2 2.9 1.8 1.0 WP5 A234
174 1172 171 168 166 163 159 154 148 ~141 110 74 5.0 3.3 2.2 1.5 WP9 A234
20.6 | 199 189 175 16.7 WPL3  A42
22.1 (214 203 188 179 LF3 A35
233232 225 218 214 210 205 199 193 186 9.2 59 F2 A18
233 (232 225 218 214 21.0+ 205 199 193 137 82 48 4.0 2.4 F1 A18
224 (217 209 203 200 19.7 194 191 186 18.0 113 7.2 4.5 2.8 1.8 1.1 F12CL 2 A18
224 (217 209 203)°20.0 19.7 194 191 186 180 113 7.2 45 2.8 1.8 1.1 WP12 A234
Cl. 2
23.3 (225 277 209 205 201 19.7 192 187 13.7 93 63 4.2 2.8 1.9 1.2 F11CL 2 A18
233 (225..21.7 209 205 201 19.7 192 187 13.7 93 63 4.2 2.8 1.9 1.2 WP11 A23%4
Cl. 2
22.6 224 224 220 217 212 206 198 143 109 80 58 4.2 29 1.8 1.0 F5 A182
243 241 240 238 236 234 230 225 181 131 95 68 49 3.2 2.4 1.3 F21 A182
24.2 242 242 242 242 242 242 242 219 158 114 78 5.1 3.2 2.0 1.2 F22ClL 3 A182
24.2 242 242 242 242 242 242 242 219 158 114 78 5.1 3.2 2.0 1.2 WP22 A234
ClL 3
274 272 271 268 263 258 250 240 229 152 106 74 5.0 33 2.2 1.5 F9 A182
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic
Allowable
Stress, S,
ksi, at Metal
Temperature,
Specified Min. °F [Notes (1),
Strength, ksi (4a)]
Class/ Min. Min.
Nomipal Spec. Type/ UNS Condition/ Size, P-No. Temp., Temp.
Compogition No. Grade No. Temper in. (5) Notes °F (6) Tensile Yield to 100.0R00
Low and Intermediate Alloy Steel — Forgings and Fittings
9Cr-1Mo-V] A182 F91 K90901 <3 thk. 15E -20 85 60 28.3 8.3
9Cr-1Mo-V] A234 WP91 K90901 <3 thk. 15E ... -20 85 60 283 p83
5Cr-%,Mo A182 F5a K42544 5B 9) =20 90 65 30.0 P99
9Ni A420 WPL8 K81340 11A  (47) -320 100 75 333 B33
Low and Intermediate Alloy Steel — Castings
C-%Mo A352 LC1 J12522 3 (9) (58) =75 65 35 21.7  p1.
C-"%Mo A217 WC1 J12524 3 (9) (58) =20 65 35 217
2 Ni A352 LC2 ]22500 9A 9) -100 70 40 23.3
31/2Ni A352 LC3 ]31550 9B 9) -150 70 40 23.3 P3.
1Ni-%4Cr-"4Mo A217 WC4 J12082 4 ©) -20 70 40 233 p33
%,Ni-1Mo-¥,Cr A217 WC5 J22000 4 ®) -20 70 40 233 P33
1Y,Cr-Y,M( A217 WC6  J12072 4 9 -20 70 40 233 P33
2Y%,Cr-1Mo A217 WC9 J21890 5A 9) -20 70 40 233 P33
5Cr-'4Mo A217 C5 ]42045 5B 9) =20 90 60 300 p
9Cr-1Mo A217 C12 ]82090 5B 9) -20 90 60 30.0 po.
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/ Speg.

300 | 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade (\No
Low and Intermediate Alloy Steel — Forgings and Fittings+‘(Cont’d)

283 (282 281 27.7 273 267 259 249 237 223 20.7 18.0 14.0 103 7.0 43 Foi A18
283 (282 281 27.7 273 267 259 249 237 223 20.7 18.0 14.0 103 7.0 43 NWP91  A234

29.1 (288 28.7 283 279 273 265 255 143 109 80 58 4.2 2.9 1.8 10./ F5a A18

WPL8  A42
Low and Intermediate Alloy Steel — Castings

21.0 ( 20.3 19.7 191 18.7 184 .. LC1 A35
21.0 ( 20.3 19.7 191 18.7 184 179 174 169 137 82 48 4.0 24 WC1 A21Y

2331228 216 200 19.0 LC2 A35

233 (228 21.6 20.0 19.0 LC3 A35
233 (233 23.0 224 221 217 212 20.6 198 143 9259 .. WC4 A217Y
233 (233 23.0 224 221 217 212 206 198 143 9.2 59 4.0 2.4 ..  WC5 A21Y
233|225 21.7 209 205 201 19.7 192 187 137/ 93 6.3 4.2 2.8 1.9 1.2 WCé6 A217
22.6 | 22.6 226 226 226 226 226 226 219 158 114 78 5.1 3.2 2.0 1.2 WC9 A217
29.1 (288 28.7 283 279 273 265 255, (143 109 80 58 4.2 2.9 1.8 1.0 C5 A21Y
29.1 (288 28.7 283 279 273 265 255242 152 106 74 5.0 3.3 2.2 1.5 C12 A21Y
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

ASME B31.3-2020

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.
Strength, ksi

Basic Allowable
Stress, S, ksi, at
Metal Temperature,
°F [Notes (1), (4a)]

Class/ Min. Min.
Nominal Product Spec. Type/ UNS Condition/ Size, P-No. Temp., Temp.
Composition Form No. Grade No. Temper in. (5) Notes °F (6) Tensile Yield to 100 200 300 400
Stainless Steel — Pipes and Tubes (3)(4a)
18Cr-10Ni-T, Smis—pipeA3IT2Z—TFP32% 532466 otk 26} 425 76 25 teF—167167 16.7
18Cr-10Ni-T| Smls. pipe A376  TP321 $32100 >% thk. 8 (28) (36) -425 70 25 16.7 16.7\16{7 16.7
18Cr-8Ni Tube A213  TP304L $30403 8 (14) (36) -425 70 25 16.7" |16.7 16{7 15.8
18Cr-8Ni Tube A269  TP304L $30403 8 (14) (36) -425 70 25 16.7) 16.7 16{7 15.8
18Cr-8Ni Tube A270  TP304L S30403 8 (14) -425 70 25 16.7 16.7 16{7 15.8
18Cr-8Ni Pipe A312  TP304L S30403 8 -425 70 25 16.7 16.7 16{7 15.8
18Cr-8Ni Pipe A358  304L $30403 8 (36) -425 70 25 16.7 16.7 16{7 15.8
16Cr-12Ni-2Mo Tube A213  TP316L $31603 8 (14) (36) -425 70 25 16.7 16.7 16{7 15.7
16Cr-12Ni-2Mo Tube A269 TP316L S31603 8 (14) (36) -425 70 25 16.7 16.7 16{7 15.7
16Cr-12Ni-2Mo Tube A270 TP316L S$31603 8 (14) —425 70 25 16.7 16.7 16{7 15.7
16Cr-12Ni-2Mo Pipe A312  TP316L $31603 8 425 70 25 16.7 16.7 16{7 15.7
16Cr-12Ni-2Mo Pipe A358  316L $31603 8 (36) -425 70 25 16.7 16.7 16{7 15.7
16Cr-12Ni-2Mo-Ti Tube A213  TP316Ti  S31635 8 30) -325 75 30 20.0 20.0 20)0 19.3
18Cr-10Ni-T Smls. pipe A312 TP321 $32100 >3/g thk. 8 (28) (30) -425 70 25 16.7 16.7 16{7 16.7
18Cr-10Ni-T| Smls. pipe A376  TP321 $32100 >% thk. .8 (28) (30) -425 70 25 16.7 16.7 16{7 16.7
(36)
18Cr-10Ni-T| Smls. pipe A312  TP321H $32109 >% this 8 (30) -325 70 25 16.7 16.7 16{7 16.7
18Cr-10Ni-T| Smls. pipe A376  TP321H $32109 % thk. 8 (30) (36) -325 70 25 16.7 16.7 16{7 16.7
25Cr-12Ni A451 CPH8 J93400 8 (26) (28) -325 65 28 18.7 187 185 18.0
(35)
25Cr-20Ni A451  CPK20 ]94202 8 (12) (28) -325 65 28 18.7 187 18l5 18.0
(35)(39)
11Cr-Ti Tube A268  TP409 $40900 7 (35) -20 60 30 20.0
18Cr-Ti Tube A268  TP430Ti'_ 543036 (35) (49) -20 60 40 20.0
16Cr-14Ni-2Mo A451  CPF10MGC ]92971 8 (28) -325 70 30 20.0
12Cr-Al Tube A268_\ TP405 S40500 (35) -20 60 30 20.0 20.0 196 19.3
13Cr Tube A268, / TP410 $41000 (35) -20 60 30 20.0 20.0 196 19.3
17Cr Tube A268  TP430 $43000 (35) (49) -20 60 35 20.0 20.0 196 19.3
18Cr-13Ni-3Mo Pipe A312  TP317L $31703 8 -325 75 30 20.0 20.0 20)0 18.9
25Cr-20Ni Ripe A312  TP310S $31008 (28) (35) -325 75 30 20.0 20.0 200 20.0
25Cr-20Ni A358  310S $31008 (28) (35) -325 75 30 20.0 20.0 20)0 20.0
(36)
25Cr-20Ni Pipe A409  TP310S S31008 8 28) (31) -325 75 30 20.0 20.0 20.0 20.0
(35)(36)
18Cr-10Ni-Ti Smls. pipe A312  TP321 $32100 <% thk. 8 (28) -425 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Ti WId. pipe A312  TP321 $32100 8 (28) -425 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Ti WId. pipe A358 321 $32100 8 (28) (36) -425 75 30 20.0 20.0 200 20.0
18Cr-10Ni-Ti Smls. pipe A376 ~ TP321 $32100 <% thk. 8 (28) (36) -425 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Ti WId. pipe A409 TP321 $32100 8 (28) (36) -425 75 30 20.0 20.0 20.0 20.0
23Cr-12Ni Pipe A312  TP309 8 (28) (35) -325 75 30 20.0 20.0 20.0 20.0
(39)
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/  Spec.
500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.

Stainless Steel — Pipes and Tubes (3)(4a)
5 63—FP32+ A312
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14.7 14.0 13.7 13.5 13.3 13.0 12.8 12.6 12.3 12.0 6.3 5.1 4.0 3.2 2.6 2.1 1.7 1.1 1.0 0.9 TR304L A213
14.7 14.0 13.7 13.5 13.3 13.0 12.8 12.6 123 12.0 6.3 5.1 40 32 2.6 2.1 1.7 1.1 1.0 0.9 _TP304L A269
14.7 14.0 13.7 13.5 13.3 13.0 12.8 12.6 123 12.0 6.3 5.1 40 32 2.6 2.1 1.7 11 1.0 0.9 TP304L A270
14.7 14.0 13.7 13.5 13.3 13.0 12.8 12.6 12.3 12.0 6.3 5.1 4.0 32 2.6 2.1 1.7 1.1 140, 0.9 TP304L A312
14.7 14.0 13.7 13.5 13.3 13.0 12.8 12.6 12.3 12.0 6.3 5.1 40 3.2 2.6 2.1 1.7 1.1 1.0 0.9 304L A358

14.8 14.0 13.7 13.5 13.2 12,9 12.7 12.4 12.1 11.8 11.6 114 88 64 4.7 3.5 2.5 18 1.3 1.0 TP316L A213
14.8 14.0 13.7 13.5 13.2 129 12.7 124 12.1 11.8 11.6 114 88 64 4.7 3.5 2.5 1.8 1.3 1.0 TP316L A269
14.8 14.0 13.7 13.5 13.2 129 12.7 124 12.1 11.8 11.6 114 88 64 4.7 3.5 2.5 1.8 1.3 1.0 TP316L A270
14.8 14.0 13.7 13.5 13.2 129 12.7 124 12.1 11.8 11.6 114 88 64 4.7 3.5 2.5 1.8 1.3 1.0 TP316L A312
14.8 14.0 13.7 13.5 13.2 12.9 12.7 12.4 12.1 11.8 11.6 114 88 64 4.7 3.5 2.5 1.8 1.3 1.0 316L A358
17.8 16.8 16.5 16.2 16.1 15.9 15.8 15.7 15.5 153 15.1 123 98 74 5.5 4.1 3.1 2.3 1.7 1.3 TP316Ti [A213

16.1 15.2 149 14.6 14.3 14.1 139 13.8 13.6 13.5 123 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 TP321 A312
16.1 15.2 149 14.6 14.3 14.1 139 13.8 13.6 13.5 123 9.1 69 5.4 4.1 3.2 2.5 1.9 1.5 1.1 TP321 A376

16.1 15.2 149 14.6 14.3 14.1 139 13.8 13.6 13.5 123 9.1 6.9% 54 4.1 3.2 2.5 1.9 1.5 1.1 TP321H |A312
16.1 15.2 149 14.6 14.3 14.1 139 13.8 13.6 13.5 123 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 TP321H |A376

17.7 171 16.7 16.3 159 15.4 149 144 139 11.1 85 65 50 38 2.9 2.3 1.8 1.3 0.9 0.8 CPH8 A451

17.7 17.1 16.7 16.3 15.9 15.4 149 144 139 11.3 98 8.5 7.3 6.0 4.8 35 2.4 1.6 1.1 0.8 CPK20 A451

TP409 A268

TP430Ti |A268
CPF10MC [A451

19.0 85 181 17.7 17.1 164 156 143 84 4.0 .. TP405 A268
19.0 85 181 17.7 17.1 164 156 123 88 6.4 4.4 2.9 1.8 10 .. TP410 A268
19.0 85 181 17.7 174,164 156 120 9.2 6.5 4.5 3.2 24 18 .. TP430 A268
17.7 16.9 16.5 16.2,15.8 15.5 15.2 .. TP317L A312

19.3 18.5 182179 17.7 174 172 169 159 99 7.1 5.0 36 25 1.5 0.8 0.5 0.4 0.3 0.2 TP310S A312
19.3 18.5482 179 17.7 174 172 169 159 9.9 7.1 5.0 36 25 1.5 0.8 0.5 0.4 0.3 0.2 3108 A358

19.3 18.5 182 179 17.7 17.4 17.2 169 159 99 7.1 5.0 36 25 1.5 0.8 0.5 0.4 0.3 0.2 TP310S A409

19.3 18.3 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 50 36 2.6 1.7 1.1 0.8 0.5 0.3 TP321 A312
19.3 18.3 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 50 36 2.6 1.7 1.1 0.8 0.5 0.3 TP321 A312
19.3 18.3 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 50 36 2.6 1.7 11 0.8 0.5 03 321 A358
19.3 183 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 50 36 2.6 1.7 1.1 0.8 0.5 0.3 TP321 A376
19.3 183 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 50 3.6 2.6 1.7 1.1 0.8 0.5 0.3 TP321 A409

19.4 18.8 18.5 18.2 18.0 17.7 175 172 169 138 10.3 7.6 55 4.0 3.0 2.2 1.7 1.3 1.0 0.8 TP309 A312
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.
Strength, ksi

Basic Allowable
Stress, S, ksi, at

Metal Temperature,

°F [Notes (1), (4a)]

Class/ Min. Min.
Nominal Product Spec. Type/ UNS Condition/ Size, P-No. Temp., Temp.
Composition Form No. Grade No. Temper in. (5) Notes °F (6) Tensile Yield to 100 200 300 400
Stainless Steel — Pipes and Tubes (3)(4a)
23Cr-12Ni A358—3095 536966 & 2635 325 75 36 280:0—26-6—2610 20.0
(35)(36)
18Cr-8Ni A451  CPF8 ]92600 8 (26) (28) -425 70 30 20.0° [20.0 20)0 18.6
18Cr-10Ni-Cp Pipe A312  TP347 S34700 8 -425 75 30 200y 20.0 20)0 20.0
18Cr-10Ni-Cp Pipe A358 347 S34700 8 (30) (36) -425 75 30 20.0 20.0 200 20.0
18Cr-10Ni-Cp Pipe A376  TP347 S34700 8 (30) (36) -425 75 30 20.0 200 20)0 20.0
18Cr-10Ni-Cp Pipe A409  TP347 S34700 8 (30) (36) -425 75 30 20.0 20.0 20)0 20.0
18Cr-10Ni-Cp Pipe A312  TP348 $34800 8 -325 75 30 20.0 20.0 20)0 20.0
18Cr-10Ni-C Pipe A358 348 $34800 8 (30) (36) -325 75 30 20.0 20.0 200 20.0
18Cr-10Ni-Cp Pipe A376  TP348 S34800 8 (30) (36) -325 75 30 20.0 20.0 20)0 20.0
18Cr-10Ni-Cp Pipe A409 TP348 $34800 8 (30) (36) -325 75 30 20.0 200 20)0 20.0
25Cr-12Ni A451 CPH10 ]93402 8 (12) A4/ -325 70 30 20.0 200 199 194
(28)@35)
(39
25Cr-12Ni A451  CPH20 ]93402 8 (¥2) (14) -325 70 30 20.0 200 199 194
(28)(35)
(39)
25Cr-20Ni Pipe A312  TP310H S31009 8 (29) (35) -325 75 30 20.0 20.0 20)0 20.0
(39)
18Cr-10Ni-Cp A451  CPF8C ]92710 8 (28) -325 70 30 20.0 200 20)0 186
18Cr-10Ni-T| Smls. pipe A312  TP321 $32100 <% thk. 8 (28) (30) -425 75 30 20.0 20.0 20)0 20.0
18Cr-10Ni-T] WIld. pipe A312 TP321 S32100 (28) (30) -425 75 30 20.0 20.0 20)0 20.0
18Cr-10Ni-T] WIld. pipe A358 321 S32100 (28) (30) -425 75 30 20.0 20.0 20)0 20.0
(36)
18Cr-10Ni-T] Smls. pipe A376  TP321 $32100 <% thk. 8 (28) (30) -425 75 30 20.0 200 20)0 20.0
(36)
18Cr-10Ni-T] WIid. pipe A409-\TP321 $32100 8 (28) (30) -425 75 30 20.0 20.0 20)0 20.0
(36)
18Cr-10Ni-T| Smls. pipe-A312  TP321H S32109 <% thk. 8 (30) -325 75 30 20.0 20.0 20)0 20.0
18Cr-10Ni-T] WId. pipe\A312  TP321H $32109 8 (30) -325 75 30 20.0 20.0 20)0 20.0
18Cr-10Ni-T] WId. ‘pipé A358 321H S32109 8 (30) (36) -325 75 30 20.0 20.0 20)0 20.0
18Cr-10Ni-T] Snils! pipe A376  TP321H $32109 <% thk. 8 (30) (36) -325 75 30 20.0 200 20)0 20.0
16Cr-12Ni-2Mo Tube A213 TP316 S31600 8 (14) (26) -425 75 30 20.0 200 20)0 19.3
(28)(31)
(36]
16Cr-12Ni-2Mo Tube A269 TP316 S31600 8 (14) (26) -425 75 30 20.0 200 20.0 19.3
(28)(31)
(36)
16Cr-12Ni-2Mo Tube A270 TP316 $31600 8 (14) (26) -425 75 30 20.0 20.0 20.0 19.3
(28)
16Cr-12Ni-2Mo Pipe A312 TP316 S31600 (26) (28) -425 75 30 20.0 200 20.0 19.3
16Cr-12Ni-2Mo Pipe A358 316 S31600 (26) (28) -425 75 30 20.0 200 20.0 19.3
(31)(36)
16Cr-12Ni-2Mo Pipe A376 TP316 S31600 8 (26) (28) -425 75 30 20.0 200 20.0 19.3
(31)(36)
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/  Spec.
500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.

Stainless Steel — Pipes and Tubes (3)(4a) (Cont’'d)

194 AR 10r- 409 400 ame g0~ g9 2.0 400 102 =3 oo 4B 2.0 22 4.7 4.2 10 AR 2000 A358
. 00— ooz 100711z IO TOS ey T 0 o0 rn I p o) T Uo—S09S

17.5 ]16.6 16.2 15.8 15.5 15.2 149 14.6 143 122 9.5 7.5 6.0 48 3.9 33 2.7 2.3 2.0 1.7 CPF8 A451
20.0 19.3 19.0 18.7 18.5 18.3 182 181 181 160 121 9.1 6.1 44 33 2.2 1.5 1.2 0.9 0.8 “TP347 A312
20.0 19.3 19.0 18.7 185 183 182 181 181 160 121 9.1 6.1 44 3.3 2.2 1.5 1.2 0.9 08" 347 A358

20.0 19.3 19.0 18.7 185 183 182 181 181 160 121 9.1 6.1 44 3.3 2.2 1.5 1.2 09 0.8 TP347 A376
20.0 19.3 19.0 18.7 18.5 183 182 181 181 160 121 9.1 6.1 44 3.3 2.2 1.5 1.2 0.9 0.8 TP347 A409
20.0 19.3 19.0 18.7 18.5 18.3 182 181 181 160 121 9.1 6.1 44 3.3 2.2 1.5 12 0.9 0.8 TP348 A312
20.0 19.3 19.0 18.7 18.5 18.3 182 181 181 160 121 9.1 6.1 44 3.3 2.2 1.5 12 0.9 0.8 348 A358
20.0 19.3 19.0 18.7 18.5 18.3 182 181 181 160 121 9.1 6.1 44 3.3 2.2 L5 1.2 0.9 0.8 TP348 A376
20.0 19.3 19.0 18.7 185 183 182 181 181 160 121 9.1 6.1 44 3.3 2.2 5 1.2 0.9 0.8 TP348 A409

189 18.3 17.9 17.5 17.0 16.5 16.0 154 149 11.1 85 6.5 50 38 2.9 2.3 1.8 1.3 0.9 0.8 CPH10 A451

189 183 179 17.5 17.0 16.5 16.0 154 149 11.1 85 6.5 50 38 29 2.3 1.8 1.3 0.9 0.8 CPH20 A451

19.3 18.5 182 179 17.7 17.4 172 169 167 13.8 103 7.6 55 4.0 3.0 2.2 1.7 1.3 1.0 0.8 TP310H [A312

17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 143 140 124 9.1 6.1 44 3.3 2.2 1.5 1.2 0.9 0.8 CPF8C A451

19.3 18.3 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2../12.3 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 TP321 A312
19.3 183 17.8 17.5 17.2 16.9 16.7 16.5 16.4\16.2 12.3 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 TP321 A312
19.3 18.3 17.8 17.5 17.2 16.9 16.7 16.5 264, 16.2 12.3 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 321 A358

19.3 18.3 17.8 17.5 17.2 16.9 16.7-16.5716.4 16.2 12.3 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 TP321 A376

19.3 18.3 17.8 17.5 17.2 16.9-16.7 16.5 16.4 16.2 12.3 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 TP321 A409

19.3 18.3 17.8 17.5 17,2,16:9 16.7 16.5 16.4 16.2 12.3 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 TP321H |A312
19.3 183 17.8 17.5 47.2 16.9 16.7 16.5 16.4 16.2 123 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 TP321H |A312
19.3 18.3 17.8 17.5\17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 321H A358
19.3 18.3 17.8<17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 TP321H |A376

18.0 17.0 166 16.3 16.1 159 15.7 15.6 154 153 151 124 9.8 74 5.5 4.1 3.1 2.3 1.7 1.3 TP316 A213

18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 153 151 124 98 74 5.5 4.1 3.1 2.3 1.7 1.3 TP316 A269

18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 153 151 124 9.8 7.4 5.5 4.1 3.1 2.3 1.7 1.3 TP316 A270

18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 154 153 151 124 98 74 55 4.1 3.1 2.3 1.7 1.3 TP316 A312

18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 153 151 124 98 74 5.5 4.1 3.1 2.3 1.7 1.3 316 A358

18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 153 151 124 98 74 5.5 4.1 3.1 2.3 1.7 1.3 TP316 A376
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.
Strength, ksi

Basic Allowable
Stress, S, ksi, at

Metal Temperature,

°F [Notes (1), (4a)]

Class/ Min. Min.
Nominal Product Spec. Type/ UNS Condition/ Size, P-No. Temp., Temp.
Composition Form No. Grade No. Temper (5) Notes °F (6) Tensile Yield to 100 200 300 400

Stainless Steel — Pipes and Tubes (3)(4a)

16Cr-12Ni-2Mo Pipe A409—FP316 534666 & 26263 425 75 36 28:0—26-6—2610 19.3
31)(36)

18Cr-13Ni-3Mo Pipe A312  TP317 S31700 (26) (28) -325 75 30 20.0 20.0,20)0 19.3

18Cr-13Ni-3Mo Pipe A409 TP317 S31700 (26) (28) -325 75 30 20.0¢ }20:0 20)0 19.3
(31)(36)

16Cr-12Ni-2Mo Pipe A376  TP316H S31609 8 (26) (31) -325 75 30 20,0 20.0 20)0 19.3
(36)

16Cr-12Ni-2Mo Pipe A312  TP316H S31609 8 (26) -325 75 30 20.0 20.0 20)0 19.3

18Cr-10Ni-Cp Pipe A376  TP347H S34709 (30) (36) -325 75 30 20.0 20.0 20)0 20.0

18Cr-10Ni-Cp Pipe A312  TP347 S34700 (28) -425 75 30 20.0 20.0 20)0 20.0

18Cr-10Ni-Cp Pipe A358 347 S34700 (28) (30) /-425 75 30 20.0 20.0 200 20.0
(36)

18Cr-10Ni-Cp Pipe A376  TP347 S34700 8 (28)(3D)V -425 75 30 20.0 20.0 200 20.0
(36)

18Cr-10Ni-Cp Pipe A409  TP347 S34700 8 (28) (30) -425 75 30 20.0 200 20)0 20.0
(36)

18Cr-10Ni-Cp Pipe A312 TP348 $34800 (28) -325 75 30 20.0 20.0 20)0 20.0

18Cr-10Ni-Cp Pipe A358 348 $34800 (28) (30) -325 75 30 20.0 20.0 200 20.0
(36)

18Cr-10Ni-Cp Pipe A376  TP348 S34800 8 (28) (30) -325 75 30 20.0 20.0 20)0 20.0
(36)

18Cr-10Ni-Cp Pipe A409 TP348 S34800 8 (28) (30) -325 75 30 20.0 200 200 20.0
(36)

18Cr-10Ni-Cp Pipe A312  TP347H S34709 -325 75 30 20.0 200 20)0 20.0

18Cr-10Ni-Cp Pipe A312  TP348H $34809 -325 75 30 20.0 200 20)0 20.0

18Cr-8Ni Tube A213  TP304 S30400 8 (14) (26) -425 75 30 20.0 20.0 20)0 18.6
(28)(31)
(36)

18Cr-8Ni Tube A269 TR304 S30400 8 (14) (26) -425 75 30 20.0 200 200 18.6
(28)(31)
(36)

18Cr-8Ni Tube A270~ TP304 S30400 8 (14) (26) -425 75 30 20.0 200 20)0 18.6
(28)

18Cr-8Ni Pipe. A312  TP304 S30400 (26) (28) -425 75 30 20.0 20.0 20)0 18.6

18Cr-8Ni Pipe A358 304 S30400 (26) (28) -425 75 30 20.0 20.0 20)0 18.6
(31)(36)

18Cr-8Ni Pipe A376  TP304 S30400 8 (20) (26) -425 75 30 20.0 20.0 20)0 18.6
(28)(31)
(36)

18Cr-8Ni Pipe A376  TP304H S30409 8 (26) (31) -325 75 30 20.0 200 20.0 18.6
(36)

18Cr-8Ni Pipe A409  TP304 S30400 8 (26) (28) -425 75 30 20.0 200 20.0 18.6
(31)(36)

18Cr-8Ni Pipe A312  TP304H S30409 (26) -325 75 30 20.0 200 20.0 18.6

18Cr-12Ni-2Mo A451 CPF8M ]92900 (26) (28) -425 70 30 20.0 200 189 17.0

44Fe-25Ni-21Cr-Mo Tube A249 N08904 45 -325 71 31 20.7 207 20.4 18.7

44Fe-25Ni-21Cr-Mo  Pipe A312 N08904 45 -325 71 31 20.7 20.7 20.4 18.7

20Cr-Cu Tube A268  TP443 S44300 E (7) (35) -20 70 40 233 233 233 233
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/  Spec.
500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.

Stainless Steel — Pipes and Tubes (3)(4a) (Cont’'d)

4t 3% 23 +F +3—FP316 A409

18.0 }F0—16:6—16:3—16:%
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vh
ch
vh
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[,

18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 15.4 153 151 124 98 74 5.5 4.1 3.1 2.3 1.7 1.3 TP317 A312
18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 154 153 151 124 98 74 5.5 4.1 3.1 2.3 1.7 1.3 TP3}7 A409

18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 153 151 124 9.8 7.4 5.5 4.1 3.1 2.3 1.7 1.3. TP316H |A376

18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 154 153 151 124 98 74 55 4.1 3.1 2.3 17 1.3 TP316H |A312

200 19.3 19.0 18.7 18.5 18.3 18.2 18.1 181 181 174 141 105 79 5.9 4.4 3.2 25 1.8 1.3 TP347H |A376
20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 181 181 174 141 105 79 59 4.4 32 2.5 1.8 1.3 TP347 A312
20.0 19.3 19.0 18.7 185 18.3 18.2 18.1 18.1 181 174 141 105 79 5.9 4.4 32 2.5 1.8 1.3 347 A358

20.0 19.3 19.0 18.7 185 18.3 18.2 18.1 18.1 181 174 141 105 79 5.9 4.4 3.2 2.5 1.8 1.3 TP347 A376

20.0 19.3 19.0 18.7 18.,5 183 18.2 18.1 18.1 18.1 174 141 105 79 59 4.4 3.2 2.5 1.8 1.3 TP347 A409

20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 18.1 174 141 10.5 ~79 59 4.4 3.2 2.5 1.8 1.3 TP348 A312
200 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 181 174 141 10.5 7.9 59 4.4 3.2 2.5 1.8 1.3 348 A358

20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 18.1 174 14.1\\10.5 7.9 5.9 4.4 3.2 2.5 1.8 1.3 TP348 A376

20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 18.1 174 “J41 105 79 5.9 4.4 3.2 2.5 1.8 1.3 TP348 A409

20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 18.1. \174 141 105 79 5.9 4.4 3.2 2.5 1.8 1.3 TP347H |A312
20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 18.1._174 141 105 79 5.9 4.4 3.2 2.5 1.8 1.3 TP348H |A312

17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 A43\ 140 124 9.8 7.7 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304 A213

17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 143 140 124 9.8 7.7 6.1 4.7 3.7 2.9 2.3 1.8 14 TP304 A269

17.5 16.6 16.2 15.8 15.515.2 14.9 14.6 143 140 124 9.8 77 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304 A270

17.5 16.6 16.2 15.8\15/5 15.2 14.9 14.6 143 140 124 9.8 7.7 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304 A312
17.5 16.6 16.2 15.8715.5 15.2 14.9 146 143 140 124 9.8 7.7 6.1 4.7 3.7 2.9 2.3 1.8 1.4 304 A358

17.5 16.6 A46.:2%15.8 15.5 15.2 14.9 14.6 143 140 124 9.8 7.7 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304 A376

17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 143 140 124 9.8 7.7 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H A376

17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 143 140 124 9.8 7.7 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304 A409

17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 143 140 124 9.8 7.7 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H  A312
15.8 15.0 14.7 144 14.2 14.1 139 137 134 131 115 8.9 69 54 4.3 3.4 2.8 2.3 1.9 1.6 CPF8M A451

233 233 146 125 107 92 79 59 40 25 .. TP443 A268
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

ASME B31.3-2020

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.
Strength, ksi

Basic Allowable
Stress, S, ksi, at
Metal Temperature,
°F [Notes (1), (4a)]

Class/ Min. Min.
Nominal Product Spec. Type/ UNS Condition/ Size, P-No. Temp., Temp.
Composition Form No. Grade No. Temper in. (5) Notes °F (6) Tensile Yield to 100 200 300 400
Stainless Steel — Pipes and Tubes (3)(4a)
27Cr Frbe AZ68—FP446-+—S544666 +HH—353 26 76 46 233—233—225 219
12Cr WId. pipe A1053 50 $41003 -20 70 50 233 233,233 22.8
25Cr-8Ni-N A451 CPE20N 192802 8 (35) (39) -325 80 40 26.70 1267 26|7 26.7
23Cr-4Ni-Md-Cu-N A789 S32304 10H (25) -60 87 58 29,0 279 26]1 24.7
23Cr-4Ni-Md-Cu-N . A790 .. S32304 10H (25) -60 87 58 29.0 279 26[1 24.7
23Cr-4Ni-Md-Cu-N WId. pipe A928 2304 $32304 10H (25) -60 87 58 29.0 279 26[1 24.7
20Cr-18Ni-6Mo Pipe A813 $31254 -325 94 44 293 293 28|9 26.7
20Cr-18Ni-6Mo Pipe A814 S31254 -325 94 44 29.3  29.3 28)9 26.7
13Cr A426  CPCA15 J91150 6 (10) (35) -20 90 65 30.0
20Cr-18Ni-6Mo WIid. pipe A358 S31254 >Yi6 8 -325 95 45 30.0 300 29}6 27.3
20Cr-18Ni-6Mo WId pipe A358 S31254 V6 8 -325 100 45 30.0 30.0 29}6 27.3
22Cr-5Ni-3Mo-N A789 $31803 10H. '(25) -60 90 65 30.0 30.0 289 27.8
22Cr-5Ni-3Mo-N A790 $31803 TOH~ (25) -60 90 65 30.0 30.0 289 27.8
22Cr-5Ni-3Mo-N WId pipe A928 $31803 T0H (25) -60 90 65 30.0 30.0 28/9 27.8
20Cr-18Ni-6Mo Tube A249 S31254 »%¢thk. 8 -325 95 45 30.0 30.0 29|5 27.3
20Cr-18Ni-6Mo Tube A249 S31254 <% thk. 8 -325 98 45 30.0 30.0 29|5 27.3
20Cr-18Ni-6Mo Pipe A312 S31254 >% thk. 8 -325 95 45 30.0 30.0 29|5 27.3
20Cr-18Ni-6Mo Pipe A312 $31254 <% thk. 8 -325 98 45 30.0 30.0 29|5 27.3
26Cr-4Ni-M( A790 $32900 10H (25) -20 90 70 30.0
46Fe-24Ni-2[lCr-6Mo- Smls. &  A312 N08367 >¥6 45 (26) -325 95 45 30.0 30.0 29)9 286
Cu-N wld. pipe
46Fe-24Ni-2[lCr-6Mo- WId. pipe A358 N08367 >¥6 45 (26) -325 95 45 30.0 30.0 29)9 286
Cu-N
46Fe-24Ni-2[lCr-6Mo- WId. pipe A813 N08367 >Yi6 45 (26) -325 95 45 30.0 30.0 299 286
Cu-N
46Fe-24Ni-2[lCr-6Mo- WId. pipe~A814 N08367 >Yi6 45 (26) -325 95 45 30.0 30.0 29)9 286
Cu-N
46Fe-24Ni-2[lCr-6Mo- Smls, &  A312 N08367 %6 45 (26) -325 100 45 30.0 30.0 30)0 29.6
Cu-N wld. pipe
46Fe-24Ni-2[LCr-6Mo=<“WId. pipe A358 N08367 <6 45 (26) -325 100 45 30.0 30.0 30)0 29.6
Cu-N
46Fe-24Ni-2lLCr=6Mo- WId. pine A813 NQO8367 < 45 (26) =325 100 45 300 300 3010 29.6
Cu-N
46Fe-24Ni-21Cr-6Mo- WId. pipe A814 N08367 <6 45 (26) -325 100 45 30.0 30.0 30.0 29.6
Cu-N
21Cr—5Mn—11/2Ni—Cu—N Tube A789 S$32101 >3/15 10H (25) -20 94 65 313 313 29.8 285
21Cr-5Mn-1%Ni-Cu-N Pipe A790 .. S32101 >%6 10H (25) -20 94 65 31.3 313 29.8 285
22Cr-5Ni-3Mo-N Tube A789 2205 $32205 10H (25) -60 95 70 31.7 317 30.6 29.4
22Cr-5Ni-3Mo-N Pipe A790 2205 $32205 10H (25) -60 95 70 31.7 317 30.6 29.4
21Cr-5Mn-1%Ni-Cu-N Tube A789 $32101 <16 10H (25) -20 101 77 33.7 337 321 31.0
21Cr-5Mn-1%Ni-Cu-N Pipe A790 S32101 <6 10H (25) -20 101 77 33.7 337 32.1 31.0
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/  Spec.

500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.
Stainless Steel — Pipes and Tubes (3)(4a) (Cont’'d)

215 POS—28-6—202—F9F T HIB84—F564—15¢ FP446-+—A268
221 p1.2 50 A1053
26.7 P6.7 26.7 26.7 26.7 26.7 26.7 26.7 CPE20N A451
229 19.2 A789
229 19.2 A790
229 19.2 2304 A928
25.8 24.7 24.3 24.1 23.9 23.8 23.6 A813
25.8 24.7 24.3 24.1 23.9 23.8 23.6 A814
CPCA15  |A426

25.8 24.7 24.3 24.1 23.9 23.7 22.8 A358
25.8 24.7 24.3 24.1 239 23.7 22.8 A358
27.2 P69 A789
27.2 P69 A790
27.2 P69 A928
25.8 24.7 24.3 24.1 23.9 23.7 23.6 A249
25.8 24.7 24.3 24.1 23.9 23.7 23.6 A249
25.8 24.7 24.3 24.1 23.9 23.7 23.6 A312
25.8 24.7 24.3 24.1 23.9 23.7 23.6 A312
A790

27.7 26.2 25.7 25.1 24.7 243 A312
27.7 26.2 25.7 25.1 24.7 243 A358
27.7 26.2 25.7 25.1 24.7 24.3 A813
27.7 26.2 25.7 25.1 24,7,24:3 A814
27.7 26.2 25.7 251 24.7 243 A312
27.7 26.2 »25:7°25.1 24.7 243 A358
27.7 262 257 251 247 243 A813
27.7 26.2 25.7 25.1 24.7 24.3 A814
28,5 285 A789
285 285 A790
28.7 284 2205 A789
28.7 284 2205 A790
309 309 A789
309 309 A790
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable
Stress, S, ksi, at
Specified Min. | Metal Temperature,
Strength, ksi °F [Notes (1), (4a)]

Class/ Min. Min.
Nominal Product Spec. Type/ UNS Condition/ Size, P-No. Temp., Temp.
Composition Form No. Grade No. Temper in. (5) Notes °F (6) Tensile Yield to 100 200 300 400
Stainless Steel — Pipes and Tubes (3)(4a)
21Cr-3%Ni- PMo—N—r- A= 532663—— 6-+87—oH—253 66 55 65 3+7F—3672819 28.6
thk
21Cr-3%Ni-1%Mo-N ... A790 .. $32003 .. >0.187 10H (25) -60 95 65 31.7 30.7,28]9 28.6
thk.
21Cr-3%Ni-1¥%Mo-N  WId pipe A928 .. $32003 .. >0.187 10H (25) -60 95 65 3t "30.7 289 28.6
thk.
22Cr-5Ni-3Mo-N WId pipe A928 2205 $32205 .. 10H (25) -60 95 65 31.7 317 30|6 29.4
24Cr-4Ni-3Mn- Smls. & A789 .. $82441 .. 2040 10H (25) -60 99 7Q 329 329 3209 329
1.5Mo-N wld. tube thk.
24Cr-4Ni-3Mn- Smls. & A790 .. $82441 .. 2040 10H (25) -60 99 70 329 329 3209 329
1.5Mo-N wld. pipe thk.
21Cr-3%Ni-1¥%Mo-N ... A789 .. $32003 .. <0.187 10H (25) -60 100 70 33.3 323 304 30.1
thk.
21Cr-3%Ni-1%Mo-N ... A790 .. $32003 .. <0.187 10H (25) -60 100 70 33.3 323 304 30.1
thk.
21Cr-3%Ni-1%Mo-N  WId. pipe A928 .. $32003 .. <0.187 10H (25) -60 100 70 33.3 323 304 30.1
thk.
24Cr-4Ni-3Mn- Smls. & A789 $82441 .. <0.40 10H ¢ (25) -60 107 78 358 35.8 358 35.8
1.5Mo-N wld. tube thk.
24Cr-4Ni-3Mn- Smls. & A790 .. $82441 .. <0.40 ~IOH” (25) -60 107 78 35.8 35.8 35[8 35.8
1.5Mo-N wld. pipe thk.
25Cr-8Ni-3Mo- A789 .. $32760 .. 10H (25) -60 109 80 36.3 359 3444 34.0
W-Cu-N
25Cr-8Ni-3Mo- A790 .. $32760 .. 10H (25) -60 109 80 36.3 359 3444 34.0
W-Cu-N
29Cr-6.5Ni-2AMo-N Tube A789 .. $32906 . 2040 10H (25) -60 109 80 36.3 363 340 335
thk.
29Cr-6.5Ni-2AMo-N Pipe A790 .. S32906 ... 2040 10H (25) -60 109 80 36.3 363 340 335
thk.
24Cr-17Ni-6Mn- A358 .. S34565 .. 8 (36) -325 115 60 383 381 3518 34.5
4Y%%,Mo-N
25Cr-7Ni-4Mo-N Smls. &  A789%= \..s S32750 .. 10H (25) -60 116 80 38.7 385 3644 35.1
wld. tube
25Cr-7Ni-4Mo-N Smls. & ~A790 2507 S32750 .. 10H (25) -60 116 80 38.7 385 3644 35.1
wld. pipe:
25Cr-7Ni-4Mo-N Wldnpipe A928 2507 $32750 .. 10H (25) -60 116 80 38.7 385 3644 35.1
29Cr-6.5Ni-AMo-N Tube A789 .. S32906 .. <040 10H (25) -60 116 94 38.7 386 36[8 35.6
thk.
29Cr-6.5Ni-AMa=N. Pipe A790 .. S32906 .. <040 10H (25) -60 116 94 38.7 38.6 36[8 35.6
thk
Stainless Steel — Plates and Sheets (3)(4a)
18Cr-11Ni A240 305 $30500 ... 8 (26) (36) -325 70 25 16.7
(39)
12Cr-Al A240 405 S40500 ... 7 (35) -20 60 25 16.7 153 14.8 145
18Cr-8Ni A240  304L $30403 .. 8 (36) -425 70 25 16.7 16.7 16.7 15.8
16Cr-12Ni-2Mo A240  316L S31603 .. 8 (36) -425 70 25 16.7 16.7 16.7 15.7
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/  Spec.
500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.

Stainless Steel — Pipes and Tubes (3)(4a) (Cont’'d)
28.6 pB—28:6—= A789

28.6 P86 286 .. A790

28.6 P86 286 .. A928

28.7 P84 283 .. 2205 A928

301 B0.1 301 .. A789

301 B0.1 301 .. A790

301 B0.1 301 .. A928

338 B32 331 327 324 320 .. A358

345 B43 .. 2507 A790

345 B43 .. 2507 A928

Stainless Steel — Plates and Sheets (3)(4a)
305 A240

143 14.0 13.8 135 13.1 126 120 113 84 4.0 .. 405 A240

14.7 14.0 13.7 13.5 13.3 13.0 12.8 12.6 123 12.0 6.3 5.1 40 32 2.6 2.1 1.7 1.1 1.0 0.9 304L A240

14.8 14.0 13.7 13.5 13.2 129 12.7 124 12.1 11.8 10.8 10.2 88 64 4.7 3.5 2.5 1.8 1.3 1.0 316L A240
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.
Strength, ksi

Basic Allowable
Stress, S, ksi, at

Metal Temperature,

°F [Notes (1), (4a)]

Class/ Min. Min.
Nominal Product Spec. Type/ UNS Condition/ Size, P-No. Temp., Temp.
Composition Form No. Grade No Temper in. (5) Notes °F (6) Tensile Yield to 100 200 300 400
Stainless Steel — Plates and Sheets (3)(4a)
18Cr-8Ni AZ40—362 536266 & 26363 325 75 36 280:0—26-6—26)0 18.6
12Cr-1Ni A1010 40 $41003 7 -20 66 40 22.0 _22,0722/0 21.5
12Cr-1Ni A1010 50 S41003 7 -20 70 50 233 233 233 228
13Cr A240 4108 $41008 7 (35) (50) -20 60 30 20.0 184 17|8 174
13Cr A240 410 $41000 6 (35) -20 65 3Q 20.0 184 1718 17.4
15Cr A240 429 $42900 6 (35) -20 65 30 20.0 184 1718 17.4
17Cr A240 430 S43000 7 (35) -20 65 30 20.0 184 1718 17.4
18Cr-13Ni-3Mo A240 317L S31703 8 (36) -325 75 30 20.0 200 20)0 18.9
25Cr-20Ni A240 310S $31008 8 (28) (31) %325 75 30 20.0 20.0 20)0 20.0
(35)136)
18Cr-10Ni-T| Plate, A240 321 $32100 8 (28) 31) -325 75 30 200 20.0 200 20.0
sheet, (36)
strip
23Cr-12Ni A240  309S S30908 8 (28) (35) -325 75 30 20.0 200 20)0 20.0
(36)
18Cr-10Ni-Cp A240 347 S34700 (36) -425 75 30 20.0 20.0 200 20.0
18Cr-10Ni-Cp A240 348 S34800 (36) -325 75 30 20.0 20.0 20)0 20.0
25Cr-20Ni A240 310H $31009 8 (29) (35) -325 75 30 20.0 200 20)0 20.0
(39)
18Cr-10Ni-T] Plate, A240 321 $32100 8 (28) (30) -325 75 30 20.0 20.0 200 20.0
sheet, (36)
strip
18Cr-10Ni-T] Plate, A240, ) 321H $32109 8 (30) (36) -325 75 30 20.0 200 200 20.0
sheet,
strip
16Cr-12Ni-2Mo A240 316 S31600 8 (26) (28) -425 75 30 20.0 200 20)0 19.3
(36)
18Cr-13Ni-3Mo A240 317 S31700 8 (26) (28) -325 75 30 20.0 200 20)0 19.3
(36)
18Cr-10Ni-C A240 347 S34700 (28) (36) -425 75 30 20.0 200 2010 20.0
18Cr-10Ni-Cb A240 348 $34800 (28) (36) -325 75 30 20.0 20.0 200 20.0
18Cr-8Ni A240 304 S30400 8 (26) (28) -425 75 30 20.0 200 20.0 18.6
(36)
44Fe-25Ni-21Cr-Mo A240 904L N08904 45 -325 71 31 20.7 20.7 20.4 18.7
23Cr-4Ni-Mo-Cu-N A240 2304 S32304 10H (25) -60 87 58 29.0 279 26.1 247
22Cr-5Ni-3Mo-N A240 .. $31803 10H (25) -60 90 65 30.0 30.0 289 27.8
16Cr-4Ni-6Mn A240  201LN S20153 8 -325 95 45 30.0 276 24.7 234
20Cr-18Ni-6Mo A240 S31254 >% thk. 8 -325 95 45 30.0 300 29.6 27.4
20Cr-18Ni-6Mo A240 S31254 53/15 thk. 8 -325 98 45 30.0 30.0 29.6 27.4
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)
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Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/  Spec.

500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.
Stainless Steel — Plates and Sheets (3)(4a) (Cont’'d)

17.5 }6:6—16:2—15:8—15:5152 14946143146 362 A240
20.8 p0.0 40 A1010
221 p1.2 50 A1010
17.2 6.8 16.6 16.2 157 151 144 123 88 6.4 4.4 2.9 1.8 1.0 4108 A240
17.2 6.8 16.6 16.2 157 151 144 123 88 6.4 4.4 2.9 1.8 1.0 410 A240
17.2 6.8 16.6 16.2 157 151 144 120 9.2 6.5 4.5 3.2 24 18 429 A240
17.2 |68 16.6 162 157 151 144 120 92 6.5 4.5 3.2 24 18 430 A240
17.7 16.9 16.5 16.2 15.8 15.5 15.2 317L A240
19.3 18.5 182 179 17.7 17.4 17.2 169 159 9.9 7.1 5.0 36 25 1.5 0.8 0.5 0.4 0.3 0.2 310H A240
19.3 183 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 2.6 1.7 1.1 0.8 0.5 0.3 321 A240
19.4 18.8 18.5 18.2 18.0 17.7 175 172 169 138 10.3 7.6 55 4.0 3.0 2.2 1.7 1.3 1.0 0.8 309S A240
20.0 19.3 19.0 18.7 18.5 18.3 182 181 181 160 121 9.1 6.1 44 3.3 2.2 1.5 1.2 0.9 0.8 347 A240
20.0 19.3 19.0 18.7 18.5 18.3 182 181 181 16.0 « 12.1 9.1 6.1 4.4 3.3 2.2 1.5 1.2 0.9 0.8 348 A240
19.3 18.5 18.2 179 17.7 17.4 172 169 16.7¢.138 10.3 7.6 55 4.0 3.0 2.2 1.7 1.3 1.0 0.8 310H A240
19.3 18.3 17.8 17.5 17.2 16.9 16.7.16.5716.4 16.2 12.3 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 321 A240
19.3 18.3 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 321H A240
18.0 17.0 16.6 46:3 16.1 159 15.7 15.6 154 153 151 124 9.8 74 5.5 41 31 2.3 1.7 1.3 316 A240
18.0 17.0 A46.6%16.3 16.1 15.9 15.7 15.6 15.4 153 151 124 9.8 74 5.5 4.1 31 2.3 1.7 1.3 317 A240
200 19.3 19.0 18.7 18.5 183 18.2 181 181 181 174 141 105 79 5.9 44 3.2 2.5 18 13 347 A240
20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 18.1 17.4 141 10.5 7.9 5.9 4.4 3.2 2.5 1.8 1.3 348 A240
17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 143 140 124 9.8 7.7 61 4.7 3.7 2.9 2.3 1.8 1.4 304 A240
171 .. 904L A240
229 19.2 2304 A240
272 269 .. A240
23.0 229 228 226 223 218 215 201LN A240
25.8 24.7 24.3 24.1 23.9 23.7 23.6 A240
25.8 24.7 24.3 24.1 23.9 23.7 23.6 A240

199


https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.
Strength, ksi

Basic Allowable
Stress, S, ksi, at

Metal Temperature,

°F [Notes (1), (4a)]

Class/ Min. Min.
Nominal Product Spec. Type/ UNS Condition/ Size, P-No. Temp., Temp.
Composition Form No. Grade No. Temper in. (5) Notes °F (6) Tensile Yield to 100 200 300 400
Stainless Steel — Plates and Sheets (3)(4a)
46Fe-24Ni-2fEr=6Mo—Ftate A240 NOBI6F e 45 26} 325 55 45 39-0—36-0—299 28.6
Cu-N
46Fe-24Ni-2[lCr-6Mo- Sheet &  A240 N08367 6 45 (26) -325 100 45 30.0 30.0,30)0 29.6
Cu-N strip
21Cr-5Mn-1},Ni-Cu-N ... A240 $32101 >%6thk. 10H (25) -20 94 65 31.3) 313 298 28.5
24Cr-4Ni-3Mn- A240 $82441 =0.40 10H (25) -60 99 70 329 329 32/9 329
1.5Mo-N thk.
21Cr-5Mn-1},Ni-Cu-N ... A240 .. S32101 <% thk. 10H (25) -20 101 77 33.7 337 32]1 31.0
22Cr-5Ni-3Mo-N A240 2205 S$32205 10H (25) -60 95 65 31.7 317 30|6 29.4
21Cr-3%Ni-1%,Mo-N A240 $32003 >0.187 10H (25) -60 95 65 317 30.7 289 286
thk.
21Cr-3%Ni-1%,Mo-N A240 $32003 <0.187 10H (25) -60 100 70 33.3 323 304 30.1
thk.
24Cr-4Ni-3Mn- A240 $82441 <0.40 10H (25) -60 107 78 35.8 35.8 35[8 35.8
1.5Mo-N thk.
29Cr-6.5Ni-AMo-N A240 $32906 =0.40 10H ¢ 25) -60 109 80 36.3 363 345 335
thk.
29Cr-6.5Ni-AMo-N A240 $32906 <0.40 (0H~ (25) -60 116 94 38.7 38.6 36[8 35.6
thk.
25Cr-8Ni-3Mo- A240 S32760 10H (25) -60 109 80 36.3 363 34[8 34.0
W-Cu-N
25Cr-7Ni-4Mo-N A240 2507 S32750 10H (25) -60 116 80 38.7 385 364 35.1
Stainless Steel — Forgings and Fittings (3)(4a)
18Cr-13Ni-3Mo A182  F317L S31703 <5thk. 8 (9) (21a) -325 70 25 16.7 16.7 16{7 15.7
18Cr-8Ni A182  F304L $30403 (9) (21a) -425 70 25 16.7 16.7 16{7 158
18Cr-8Ni A403  WP304L , ~S30403 (32) (37) -425 70 25 16.7 16.7 16{7 158
16Cr-12Ni-2Mo A182 ( F316L $31603 (9) (21a) -425 70 25 16.7 16.7 16{7 15.7
16Cr-12Ni-2Mo A4083, ) WP316L  S31603 (32) (37) -425 70 25 16.7 16.7 16{7 15.7
18Cr-13Ni-3Mo A403  WP317L  S31703 8 (32) 37) -325 75 30 20.0 20.0 20)0 18.9
25Cr-20Ni A182  F310 $31000 8 9 (35) -325 75 30 20.0 20.0 20)0 20.0
(39)
25Cr-20Ni A403  WP310S  S31008 8 (28) (32) -325 75 30 20.0 20.0 20)0 20.0
35)(37)
18Cr-10Ni-Ti Smls. A403  WP321 $32100 >% thk. 8 (28) -325 70 25 16.7 167 16.7 16.7
fittings
18Cr-10Ni-Ti Forgings A182 F321 $32100 8 9) (21 -325 75 30 20.0 20.0 20.0 20.0
(28)
18Cr-10Ni-Ti Smls. A403  WP321 $32100 <% thk. 8 (28) -325 75 30 20.0 20.0 20.0 20.0
fittings
18Cr-10Ni-Ti wild. A403  WP321 $32100 8 (28) -325 75 30 20.0 20.0 20.0 20.0
fittings
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/  Spec.

500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.
Stainless Steel — Plates and Sheets (3)(4a) (Cont’'d)

27.7 362257251247 243 A240
27.7 26.2 25.7 25.1 24.7 24.3 A240
28.5 8.5 A240
329 328 A240
309 309 A240
28.7 P84 2205 A240
28.6 P8.6 28.6 A240
30.1 0.1 30.1 A240
358 B5.7 A240
33.0 B3.0 A240
352 B5.2 A240
339 339 A240
345 B4.3 2507 A240
Stainless Steel — Forgings and Fittings (3)(4a)

14.8 14.0 13.7 13.5 13.2 12.9 12.7 F317L A182
14.7 4.0 13.7 13.5 13.3 13.0 12.8 12.6 (A2:3\ 12.0 6.3 5.1 40 32 2.6 21 1.7 1.1 1.0 0.9 F304L A182
14.7 4.0 13.7 13.5 13.3 13.0 12.8 126 JZ3 12.0 6.3 5.1 40 32 2.6 21 1.7 11 1.0 0.9 WP304L |[A403
14.8 14.0 13.7 13.5 13.2 129 12.7 12.4 12.1 11.8 10.8 10.2 88 64 47 3.5 2.5 1.8 1.3 1.0 F316L A182
14.8 14.0 13.7 13.5 13.2 1219 12.7 12.4 12.1 11.8 10.8 102 88 64 47 3.5 2.5 1.8 1.3 1.0 WP316L |A403
17.7 16.9 16.5 16.2 /15,8 15.5 15.2 WP317L  [A403
19.3 18.5 182179 17.7 17.4 172 169 159 99 7.1 5.0 36 25 1.5 0.8 0.5 0.4 0.3 0.2 F310 A182
19.3 185182 179 17.7 17.4 172 169 159 9.9 7.1 5.0 36 25 1.5 0.8 0.5 0.4 0.3 0.2 WP310S |[A403
16.1 15.2 149 14.6 14.3 14.1 139 13.8 13.6 13.5 9.6 6.9 50 36 2.6 1.7 1.1 0.8 0.5 0.3 WP321 A403
19.3 18.3 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 50 3.6 2.6 1.7 11 0.8 0.5 0.3 F321 A182
19.3 18.3 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 50 3.6 2.6 1.7 1.1 0.8 0.5 03 WP321 A403
19.3 18.3 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 50 36 2.6 1.7 1.1 0.8 0.5 03 WP321 A403
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

ASME B31.3-2020

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.
Strength, ksi

Basic Allowable
Stress, S, ksi, at
Metal Temperature,
°F [Notes (1), (4a)]

Class/ Min. Min.
Nominal Product Spec. Type/ UNS Condition/ Size, P-No. Temp., Temp.
Composition Form No. Grade No. Temper in. (5) Notes °F (6) Tensile Yield to 100 200 300 400
Stainless Steel — Forgings and Fittings (3)(4a)
23Cr-12Ni A493—WP385 536966 & 2632 325 75 36 280:0—26-6—2610 20.0
35)(37)
(39)
25Cr-20Ni A182  F310H $31009 8 9) (21) -325 75 30 20.0 200 20)0 20.0
(29)(35)
(39)
25Cr-20Ni A403  WP310H S31009 8 (28) (29) -325 75 30 20.0 200 20)0 20.0
(32)(35)
37)(39)
18Cr-10Ni-Cp A182  F347 S34700 8 9 (21) -425 75 30 20.0 20.0 20)0 20.0
18Cr-10Ni-Cp A403  WP347 S34700 8 (32) 37) -425 75 30 20.0 20.0 20)0 20.0
18Cr-10Ni-Cp A182 F348 $34800 8 9 (21) -325 75 30 20.0 200 20)0 20.0
18Cr-10Ni-Cp A403  WP348 $34800 8 (32) (37) -325 75 30 20.0 20.0 20)0 20.0
18Cr-10Ni-T] Smls. A403  WP321 $32100 >% thk. 8 (28) (3@) ) =325 70 25 16.7 167 16{7 16.7
fittings
18Cr-10Ni-T Smls. A403 WP321H S$32109 >3/8 thk. 8 (39) -325 70 25 16.7 16.7 16{7 16.7
fittings
18Cr-10Ni-T] Forgings A182 F321 $32100 8 9 (21 -325 75 30 20.0 200 20)0 20.0
(28) (30)
18Cr-10Ni-T] Forgings A182 F321H $32109 9 (21) -325 75 30 20.0 20.0 20)0 20.0
18Cr-10Ni-T] Smls. A403  WP321 $32100 <Ythk. 8 (28) (30) -325 75 30 20.0 200 20)0 20.0
fittings
18Cr-10Ni-T] Smls. A403  WP321H  S32109 <% thk. 8 (30) -325 75 30 20.0 20.0 20)0 20.0
fittings
18Cr-10Ni-T| wid. A403  WP321 $32100 8 (28) (30) -325 75 30 20.0 200 200 20.0
fittings
18Cr-10Ni-T] wid. A403  WP321H  S32109 8 (30) -325 75 30 20.0 20.0 20)0 20.0
fittings
16Cr-12Ni-2 A403  WP316H ~“S31609 8 (26) (32) -325 75 30 20.0 200 20)0 19.3
(37)
16Cr-12Ni-2 A182 _E316H S31609 8 9) (21) -325 75 30 20.0 200 20)0 19.3
(26)
18Cr-10Ni-Cp A403  WP347H  S34709 (32) 37) -325 75 30 20.0 20.0 20)0 20.0
18Cr-10Ni-Cp A182  F347 S34700 9) (21) -425 75 30 20.0 200 20)0 20.0
(28)
18Cr-10Ni-Cp A403  WP347 S34700 8 (28) (32) -425 75 30 20.0 200 20)0 20.0
(37)
18Cr-10Ni-Cp A182  F348 $34800 8 9 (21) -325 75 30 20.0 20.0 200 20.0
(28)
18Cr-10Ni-Cb 403 WP343 S34800 g 28T 32 —325 5 30 700 200 20.0 20.0
(37)
18Cr-10Ni-Cb A182  F347H $34709 (9) (21)  -325 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Cb A182  F348H S34809 9 (21) -325 75 30 20.0 200 20.0 20.0
16Cr-12Ni-2Mo A182 F316 S31600 9) (21) -325 75 30 20.0 200 20.0 19.3
(26)(28)
16Cr-12Ni-2Mo A403  WP316 S31600 8 (26) (28) -425 75 30 20.0 200 20.0 19.3
(32)(37)
18Cr-13Ni-3Mo A403  WP317 $31700 8 (26) (28) -325 75 30 20.0 200 20.0 19.3
(32)

202


https://asmenormdoc.com/api2/?name=ASME B31.3 2020.pdf

ASME B31.3-2020

Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/  Spec.
500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.

Stainless Steel — Forgings and Fittings (3)(4a) (Cont’d)

194 AR 10r- 409 400 ame Jor- g9 g.0 400 102 =3 oo 4B 2.0 22 P-] 4.2 10 A-R—1AIn2 00 A403
. 0TIz 300711z IO TOS ey T 0 o0 rn I T T Uo—wWwrov

19.3 18.5 182 179 17.7 17.4 172 169 167 138 103 7.6 55 4.0 3.0 2.2 1.7 1.3 1.0 0.8 F310H A182

19.3 18.5 182 179 17.7 17.4 172 169 167 138 10.3 7.6 55 4.0 3.0 2.2 1.7 1.3 1.0 0.8 WP310H [A403

20.0 19.3 19.0 18.7 18.5 18.3 182 181 181 160 121 9.1 6.1 44 3.3 2.2 1.5 1.2 09 0.8 F347 A182
20.0 19.3 19.0 18.7 18.5 183 182 181 181 160 121 9.1 6.1 44 33 2.2 1.5 1.2 0.9 0.8 WP347 A403
20.0 19.3 19.0 18.7 185 183 182 181 181 160 121 9.1 6.1 44 3.3 2.2 1.5 12 0.9 0.8 F348 A182

20.0 19.3 19.0 18.7 18.5 18.3 182 181 181 160 121 9.1 6.1 44 3.3 2.2 1.5 1.2 0.9 0.8 WP348 A403

16.1 15.2 149 14.6 14.3 14.1 139 13.8 13.6 13.5 123 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 WP321 A403

16.1 15.2 149 14.6 14.3 14.1 139 13.8 13.6 13.5 123 9.1 6.9 5.4 4.2 3.2 2.5 1.9 1.5 1.1 WP321H |[A403

19.3 183 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 123 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 F321 A182

19.3 183 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 123 9.1 69\ 5.4 4.1 3.2 2.5 1.9 1.5 1.1 F321H A182
19.3 18.3 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 WP321 A403

19.3 18.3 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9l 69 54 4.1 3.2 2.5 1.9 1.5 1.1 WP321H |A403

19.3 183 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 ,12:3 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 WP321 A403

19.3 183 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2-/12.3 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 WP321H [A403

18.0 17.0 16.6 16.3 16.1 15.9 15.7 15/6 1514 153 151 124 98 74 5.5 4.1 3.1 2.3 1.7 1.3 WP316H [A403

18.0 17.0 16.6 16.3 16.1 15.9 15.72.15.6 154 153 151 124 98 74 5.5 4.1 3.1 2.3 1.7 1.3 F316H A182

20.0 19.3 19.0 18.7 18:5)18.3 18.2 18.1 18.1 18.1 174 141 105 79 5.9 4.4 3.2 2.5 1.8 1.3 WP347H [A403
20.0 19.3 19.0 18.7(18\5 18.3 18.2 18.1 18.1 18.1 174 141 105 79 5.9 4.4 3.2 2.5 1.8 1.3 F347 A182

20.0 19.3 19.0418.7 18.5 183 18.2 18.1 18.1 18.1 174 141 105 79 5.9 4.4 3.2 2.5 1.8 1.3 WP347 A403

20.0 19.3%19,0 18.7 18.5 18.3 18.2 18.1 181 181 174 141 105 79 59 4.4 3.2 2.5 1.8 1.3 F348 A182

20.0 19.3 19.0 187 185 183 182 181 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 1.5 WP34s A403

20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 18.1 174 141 105 79 59 4.4 3.2 2.5 1.8 1.3 F347H A182
20.0 193 19.0 18.7 185 183 18.2 18.1 18.1 181 174 141 105 79 5.9 4.4 3.2 2.5 1.8 1.3 F348H A182
18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 153 151 124 98 74 5.5 4.1 3.1 2.3 1.7 1.3 F316 A182

18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 153 151 124 98 74 5.5 4.1 3.1 2.3 1.7 1.3 WP316 A403

18.0 17.0 16.6 16.3 16.1 159 15.7 15.6 15.4 153 151 124 98 74 5.5 4.1 3.1 2.3 1.7 1.3 WP317 A403
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)
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Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.
Strength, ksi

Basic Allowable
Stress, S, ksi, at
Metal Temperature,
°F [Notes (1), (4a)]

Class/ Min. Min.
Nominal Product Spec. Type/ UNS Condition/ Size, P-No. Temp., Temp.
Composition Form No. Grade No. Temper in. (5) Notes °F (6) Tensile Yield to 100 200 300 400
Stainless Steel — Forgings and Fittings (3)(4a)
18Cr-8Ni A82—F364 536466 8 (CARTES) 425 75 36 28:0—26-0—2610 18.6
(26)(28)
18Cr-8Ni A403  WP304 $30400 8 (26) (28) -425 75 30 20.0 200 ,20)0 18.6
(32)(37)
18Cr-8Ni A403  WP304H  S30409 8 (26) (32) -325 75 30 20:0 20.0 20)0 18.6
(37)
18Cr-8Ni A182  F304H S30409 8 9 (21) -325 75 30, 20.0 20.0 20)0 18.6
(26)
44Fe-25Ni-2[lCr-Mo A182  F904L N08904 45 -325 71 31 20.7 20.7 20j4 18.7
13Cr A182  F6a $41000 1 (35) -20 70 40 23.3 233 2209 225
13Cr A182  F6a S41000 2 (35) -20 85 55 283 283 278 273
20Cr-18Ni-6Mo A182 F44 S31254 -325 94 44 29.3  29.3 28)9 26.7
20Cr-18Ni-6Mo A403  WPS31254 S31254 -325 94 44 29.3 293 28)9 26.7
23Cr-4Ni-Md-Cu-N A182 F68 S32304 1087, (25) -60 87 58 29.0 279 26[1 247
22Cr-5Ni-3Mo-N A182 F51 $31803 10H (25) -60 90 65 30.0 30.0 289 27.8
22Cr-5Ni-3Mo-N A815 WPS31803 S31803 10H (25) -60 90 65 30.0 30.0 289 27.8
46Fe-24Ni-2[lCr-6Mo- Forgings A182  F62 N08367 45 (26) -325 95 45 30.0 30.0 29)9 28.6
Cu-N
46Fe-24Ni-2[lCr-6Mo- Fittings  A403  WP6XN N08367 45 (26) -325 95 45 30.0 30.0 29)9 28.6
Cu-N
21Cr-5Mn-1},Ni-Cu-N ... A815 WP32101 S32101 10H (25) -20 94 65 31.3 313 298 285
22Cr-5Ni-3Mo-N A182  F60 $32205 10H (25) -60 95 65 31.7 317 30|6 29.4
22Cr-5Ni-3Mo-N A815  WPS32205 «S32205 10H (25) -60 95 65 31.7 317 30j6 29.4
25Cr-8Ni-3Mo- A182  F55 $32760 10H (25) -60 109 80 36.3 363 348 34.0
W-Cu-N
25Cr-8Ni-3Mo- A815_ \ WPS32760 S32760 10H (25) -60 109 80 36.3 36.3 34[8 34.0
W-Cu-N
25Cr-7Ni-4Mo-N Forgings, \A182  F53 $32750 <2 10H (25) -60 116 80 38.7 385 3644 35.1
25Cr-7Ni-4Mo-N Fittings=" A815  WPS32750 S32750 10H (25) -60 116 80 38.7 385 364 35.1
Stainless Stelel — Bar-(3)(4a)
18Cr-8Ni A479 304 $30400 8 (26) (28) -425 75 30 20.0 20.0 20j0 18.6
18Cr-8Ni A479  304H S30409 8 (26) -325 75 30 200 200 20l0 18.7
18Cr-8Ni A479  304L $30403 8 -425 70 25 16.7 16.7 16.7 158
16Cr-12Ni-2Mo A479 316 $31600 8 (26) (28) -325 75 30 20.0 20.0 20.0 19.3
16Cr-12Ni-2Mo A479 316H S31609 8 (26) -325 75 30 20.0 20.0 200 19.3
16Cr-12Ni-2Mo A479  316L $31603 8 -425 70 25 16.7 16.7 16.7 15.5
18Cr-10Ni-Ti Bar A479 321 $32100 8 (28) -325 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Ti Bar A479 321 $32100 8 (28) (30) -325 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Ti Bar A479  321H $32109 8 (30) -325 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Cb A479 347 S34700 8 -425 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Cb A479 347 $34700 8 (28) (30) -425 75 30 20.0 20.0 20.0 20.0
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)
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Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/  Spec.

500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.
Stainless Steel — Forgings and Fittings (3)(4a) (Cont’d)

17.5 P6:6—162—3158—3155152 44643 —+40—12+4 5-8 FF—6t 47 37 25 23 +6 +4—F304 A182
17.5 16.6 16.2 158 155 152 149 14.6 143 140 124 9.8 7.7 61 4.7 3.7 2.9 2.3 1.8 1.4 WP304 A403
17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 143 140 124 9.8 77 6.1 4.7 3.7 2.9 2.3 1.8 1.4+ WP304H [A403
17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 140 124 9.8 77 6.1 4.7 3.7 2.9 2.3 1.8 1.4 F304H A182
17.1 F904L A182
221 pl6 21.2 20.6 20.0 19.2 17.2 123 88 6.4 F6a Cl. 1 |A182
269 Pp6.2 25.7 251 243 233 172 123 88 6.4 4.4 2.9 1.8 1.0 Féa Cl. 2 |[A182
25.2 24.1 23.8 23.6 23.4 23.2 23.0 F44 A182
25.2 24.1 23.8 23.6 23.4 23.2 23.0 WPS31254 |A403
229 19.2 F68 A182
27.2 P69 F51 A182
27.2 P69 WPS31803 [A815
27.7 26.2 25.7 25.1 24.7 243 F62 A182
27.7 26.2 25.7 25.1 24.7 243 WP6XN A403
28.5 8.5 WPS32101 |A815
28.7 P84 F60 A182
28.7 P84 WPS32205 |A815
339 B39 F55 A182
339 B39 WPS32760 [A815
345 B4.3 F53 A182
345 B4.3 WPS32750 |A815
Stainless Steel — Bar (3)(4a)

17.5 66 162 158 155 152 149 14.6 143 140 124 9.8 77 61 4.7 3.7 2.9 2.3 1.8 1.4 304 A479
175 164 162 160 156 152 149 14.6 144 138 122 97 7.7 6.0 4.7 37 29 2.3 18 14 304H A479
14.8 14.0 13.7 13.5 13.3 13.0 12.8 11.9 99 7.8 6.3 5.1 40 32 2.6 2.1 1.7 11 1.0 0.9 304L A479
179 17.0 16.7 16.3 16.1 15.9 15.7 15.5 15.4 153 145 124 98 74 5.5 4.1 31 2.3 1.7 1.3 316 A479
17.9 17.0 16.7 16.3 16.1 15.9 15.7 15.5 15.4 153 145 124 98 74 5.5 4.1 3.1 2.3 1.7 1.3 316H A479
14.4 13.5 13.2 129 12.6 12.4 12.1 11.8 11.5 11.2 10.8 10.2 88 64 4.7 3.5 2.5 1.8 1.3 1.0 316L A479
19.3 18.3 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 50 3.6 2.6 1.7 11 0.8 0.5 03 321 A479
19.3 183 17.8 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 321 A479
19.3 183 17.8 17.5 17.2 169 16.7 16.5 16.4 16.2 123 9.1 69 54 4.1 3.2 2.5 1.9 1.5 1.1 321H A479
20.0 19.3 19.0 18.7 18.5 18.3 182 181 181 160 121 9.1 6.1 44 3.3 2.2 1.5 1.2 0.9 0.8 347 A479
20.0 19.3 19.0 18.7 18.5 18.3 18.2 18.1 18.1 18.1 174 141 105 79 5.9 4.4 3.2 2.5 1.8 1.3 347 A479
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.
Strength, ksi

Basic Allowable
Stress, S, ksi, at

Metal Temperature,

°F [Notes (1), (4a)]

Class/ Min. Min.
Nominal Product Spec. Type/ UNS Condition/ Size, P-No. Temp., Temp.
Composition Form No. Grade No. Temper in. (5) Notes °F (6) Tensile Yield to 100 200 300 400
Stainless Steel — Bar (3)(4a)
18Cr-10Ni-C A4FI—347HH 534769 8 325 75 36 28:0—26:0—26,0 20.0
44Fe-25Ni-2[lCr-Mo A479  904L N08904 45 -325 71 31 20.7 _(20.7720}4 18.7
22Cr-5Ni-3Mo-N A479 $31803 10H (25) -60 90 65 30,0 (30.0 28[9 27.8
20Cr-18Ni-6Mo A479 S31254 8 -325 95 45 30.00 30.0 29]5 27.3
46Fe-24Ni-2[lCr-6Mo- ... A479 N08367 45 (26) -325 95 45 30.0 30.0 29)9 286
Cu-N
21Cr-5Mn-1bNi-Cu-N ... A479 $32101 10H (25) -20 94 65 31.3 313 298 285
22Cr-5Ni-3Mo-N A479 $32205 10H (25) -60 95 65 31.7 317 30|6 29.4
24Cr-4Ni-3Mn- A479 $82441 27/15 thk. 10H (25) -60 99 70 329 329 3209 329
1.5Mo-N
22Cr-13Ni-5Mn A479  XM-19 S20910 Annealed 8 #325 100 55 333 331 314 304
24Cr-4Ni-3Mn- A479 $82441 <"%ethk. 10H (25) -60 107 78 35.8 35.8 35[8 35.8
1.5Mo-N
29Cr-6.5Ni-AMo-N A479 $32906 10H "(25) -60 109 80 36.3 363 34[5 335
25Cr-7Ni-4Mo-N A479 S32750 <2 thk. 1OH. (25) -60 116 80 38.7 385 364 35.1
Stainless Stelel — Castings (3)(4a)
29Ni-20Cr-3fu-2Mo A351  CN7M N08007 45  (9) (30)  -325 62 25 16.7
35Ni-15Cr-"4Mo A351 HT30 N08603 45 (36) (39) -325 65 28 187 ..
25Cr-12Ni A351 CHS8 J93400 9) (31) -325 65 28 18.7 187 18l5 18.0
25Cr-20Ni A351 CK20 ]94202 9) (27) -325 65 28 18.7 187 18l5 18.0
(31)(35)
(39)
16Cr-14Ni-2Mo A351 CF10MC (30) -325 70 30 200 ..
18Cr-8Ni A351 CF3 192500 (C))] -425 70 30 20.0 20.0 20}0 18.6
18Cr-12Ni-2Mo A351 CF3M 192800 (C)] -425 70 30 20.0 20.0 20j0 19.2
18Cr-8Ni A351 ( CE8 192600 8 (9) (26) -425 70 30 20.0 20.0 20}0 18.6
27)(31)
25Cr-12Ni A351 CH10 J93401 8 (27) (31) -325 70 30 20.0 20.0 19)9 19.4
(35)
25Cr-12Ni A351 CH20 J93402 8 9 27) -325 70 30 20.0 20.0 19)9 194
(31)(35)
(39)
18Cr-10Ni-Ch A351  CESC J92710 2} Q) (28) =325 0 30 200 200 20l0 19.5
18Cr-12Ni-2Mo A351 CF8M ]92900 8 (9) (26) -425 70 30 20.0 20.0 20.0 18.6
(27)(30)
25Cr-20Ni-%,Mo A351  HK40 ]94204 8 (35) (36) -325 62 35 20.7
(39)
25Cr-20Ni-%4Mo A351  HK30 J94203 8 (35) (39) -325 65 35 21.7
18Cr-8Ni A351 CF3A J92500 8 9) (56) -425 77 35 233 233 227 21.7
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/  Spec.

500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.
Stainless Steel — Bar (3)(4a) (Cont’'d)

20.0 F93—19:6—168:716:518:3182 18-+ 18+—18+—F~4+—+4++—3H5—F5 59 4 32 25 +6 +3—347H A479
17.1 904L A479
272 P69 .. A479
25.8 24.7 24.3 24.1 23.9 23.7 23.6 A479
27.7 26.2 25.7 25.1 24.7 24.3 A479
28.5 P85 A479
28.7 P84 A479
329 B2.8 A479
29.7 9.2 29.0 288 286 283 279 275 270 263 255 204 13.0 83 XM-19 A479
358 B5.7 A479
33.0 33.0 A479
345 4.3 A479
Stainless Steel — Castings (3)(4a)

CN7M A351

17.7 17.1 16.7 16.3 159 15.4 149 144 139 11.1 85 6:5 50 38 2.9 2.3 1.8 1.3 0.9 0.8 CHS8 A351
17.7 171 16.7 16.3 159 154 149 144 139 113 9.8 8.5 73 6.0 4.8 3.5 2.4 1.6 11 0.8 CK20 A351
CF10MC |A351
17.5 ]16.6 16.2 15.8 15.5 15.2 .. CF3 A351
179 7.0 16.6 163 16.0 158 15.7 CF3M A351
17.5 16.6 16.2 15.8 15.5 15.2 4.9 146 143 12.2 9.5 7.5 6.0 48 39 3.3 2.7 2.3 2.0 1.7 CF8 A351
189 18.3 17.9 17.5 170 16.5 159 15.4 143 11.1 85 6.5 50 38 2.9 2.3 1.8 1.3 0.9 0.8 CH10 A351
189 183 179 47.5°17.0 16.5 159 154 143 11.1 8.5 6.5 5.0 3.8 2.9 2.3 1.8 1.3 0.9 0.8 CH20 A351
188 84 183 182 182 182 181180180 160 121 a1 61 44 33 22 15 12 049 08 CESC A351
17.5 16.6 16.2 15.8 15.5 15.2 14.9 146 143 140 12.1 9.1 6.1 44 3.3 2.2 1.5 1.2 0.9 0.8 CF8M A351
HK40 A351

HK30 A351

204 193 189 185 CF3A A351
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ASME B31.3-2020

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.
Strength, ksi

Basic Allowable
Stress, S, ksi, at
Metal Temperature,
°F [Notes (1), (4a)]

Class/ Min. Min.
Nominal Product Spec. Type/ UNS Condition/ Size, P-No. Temp., Temp.
Composition Form No. Grade No. Temper in. (5) Notes °F (6) Tensile Yield to 100 200 300 400
Stainless Steel — Castings (3)(4a)
18Cr-8Ni AIS+—FCF8A 192666 8 263 425 FF 35 233—233—227 21.7
(56)
25Cr-8Ni-N A351 CE20N 192802 8 (35)(39) -325 80 40 26.7  26.7 26]7 26.7
12Cr A217  CA15 J91150 6 (35) -20 90 65 300y 30.0 294 28.9
24Cr-10Ni-4Mo-N A995  2A ]93345 10H (9) -60 95 65 317 31.6 293 28.2
25Cr-8Ni-3Mo-W-Cu- ... A995  6A ]93380 10H (9) (25) -60 100 65 333  33.2 314 303
N
13Cr-4Ni A487  CA6NM J91540 A 6 (9) (35) -20 110 80 36.7 36.7 35[9 35.3
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Type/  Spec.

500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 1,250 1,300 1,350 1,400 1,450 1,500 Grade No.

Stainless Steel — Castings (3)(4a) (Cont’'d)

204 #93—189—185 €F84 A351

26.7 P6.7 26.7 26.7 26.7 26.7 26.7 26.7 .. CE20N A351

284 p7.7 272 265 175 168 149 11.0 7.6 5.0 3.3 2.3 1.5 1.0 CA15 A217

28.2 P82 2A A995

29.8 p9.6 6A A995

348 B39 333 324 .. .. CA6NM A487
CLA
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified
Minimum
Class/ Min.
Nominal Product Spec. UNS Condition/ P-No. Temp.,
Composition Form No. No. Temper SizeRange,in. (5)(7) Notes °F (6) Tensile Yield

Copper and Copper Alloy — Pipes and Tubes
99.95Cu-P Pipe—B42 €10200— 061 3% =#52 30 %
99.9Cu-P Pipe  B42 C12000 061 31 -452 30 b
99.9Cu-P Pipe  B42 C12200 061 31 -452 30 D
99.95Cu-P Tube B75 C10200 050 31 -452 30 D
99.95Cu-P Tube B75 C10200 060 31 -452 30 D
99.9Cu-P Tube B75 C12000 050 31 452 30 b
99.9Cu-P Tube B75 C12000 060 31 -452 30 b
99.9Cu-P Tube B75 C12200 050 31 -452 30 b
99.9Cu-P Tube B75 C12200 060 31 -452 30
99.9Cu-P Tube B68 C12200 050 31 (24) -452 30 D
99.9Cu-P Tube B68 C12200 060 31 (24) -452 30 b
99.9Cu-P Tube B88 C12200 050 31 (24) -452 30 b
99.9Cu-P Tube B88 C12200 060 31 (24) -452 30 b
99.9Cu-P Tube B280 C12200 060 31 (24) -452 30 b
85Cu-15Zn Pipe  B43 C23000 061 32 -452 40 12
90Cu-10Ni B467 C70600 WO50 >4.570.D. 34 (14) -452 38 13
90Cu-10Ni B467 C70600 WO61 >4.5 0.D. 34 (14) -452 38 13
90Cu-10Ni B466 C70600 Annealed 34 (14) -452 38 13
90Cu-10Ni B467 C70600 WO50 <4.5 0.D. 34 (14) -452 40 15
90Cu-10Ni B467 C70600 WO61 <4.5 0.D. 34 (14) -452 40 15
70Cu-30Ni B467 C71500 WO50 >4.5 0.D. 34 (14) -452 45 15
70Cu-30Ni B467 C71500,*W061 >4.5 0.D. 34 (14) -452 45 15
80Cu-20Ni B466 C71000 Annealed <4.5 0.D. 34 (14) -452 45 16
99.95Cu-P Pipe  B42 C10200 H55 NPS 2%, thru 31 (14) (34) -452 36 30

12
99.9Cu-P Pipe +B42 C12000 H55 NPS 2% thru 31 (14) (34) -452 36 30

12
99.9Cu-P Ripe ) B42 C12200 H55 NPS 2%, thru 31 (14) (34) -452 36 30

12
99.95Cu-P Tube B75 C10200 H58 31 (14) (34) -452 36 30
99.9Cu-P Tube B75 C12000 H58 31 (14) (34) -452 36 30
99.9Cu-P Tube B75 C12200 H58 31 (14) (34) -452 36 30
99.9Cu-P Tube B88 C12200 H58 31 (14) (24) (34) -452 36 30
70Cu-30Ni B466 C71500 060 34 (14) -452 52 18
70Cu-30Ni B467 C71500 WO50 <4.5 0.D. 34 (14) -452 50 20
70Cu-30Ni B467 C71500 WO061 <4.5 0.D. 34 (14) -452 50 20
99.95Cu-P Pipe  B42 C10200 H80 NPS % thru 2 31 (14) (34) -452 45 40
99.9Cu-P Pipe  B42 C12000 H80 NPS % thru 2 31 (14) (34) -452 45 40
99.9Cu-P Pipe  B42 C12200 H80 NPS % thru 2 31 (14) (34) -452 45 40
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Notes (1), (4a)]

Min.

Temp. UNS Spec.

to 100 150 200 250 300 350 400 450 500 550 600 650 700 No. No.

Copper and Copper Alloy — Pipes and Tubes

6.0 5% %49 48 %47 EAY 30 23 7 €16260 B42
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 C12000.0| B42
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 C12200 | B42
6.0 5.1 49 4.8 4.7 4.0 3.0 2.3 1.7 C10200 | B75
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 C10200 | B75
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 C12000 | B75
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 C12000 | B75
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 C12200 | B75
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 C12200 | B75
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 C12200 | B68
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 C12200 | B68
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 C12200 | B88
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 C12200 | B88
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 C12200 | B280
8.0 7.9 7.9 7.9 7.9 7.0 5.0 2.0 C23000 | B43
8.7 8.4 8.2 8.0 7.8 7.7 7.5 7.4 7.3 7.0 6.0 C70600 | B467
8.7 8.4 8.2 8.0 7.8 7.7 7.5 74 7.3 7.0 6.0 C70600 | B467
8.7 8.4 8.2 8.0 7.8 7.7 7.5 7.4 7.3 7.0 6.0 C70600 | B466
10.0 9.7 9.5 9.3 9.1 8.9 8:7 8.5 8.0 7.0 6.0 C70600 | B467
10.0 9.7 9.5 9.3 9.1 8.9 8.7 8.5 8.0 7.0 6.0 C70600 | B467
10.0 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.2 8.1 8.0 7.9 7.8 C71500 | B467
10.0 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.2 8.1 8.0 7.9 7.8 C71500 | B467
10.7 10.6 10.5 10.4 10,2 10.1 9.9 9.6 9.3 8.9 8.4 7.7 7.0 C71000 | B466
12.0 11.6 10.9 10.4 10.0 9.8 9.5 C10200 | B42
12.0 11.6 10.9 10.4 10.0 9.8 9.5 C12000 | B42
12.0 11.6 10.9 10.4 10.0 9.8 9.5 C12200 | B42
12.0 11.6 10.9 10.4 10.0 9.8 9.5 C10200 | B75
12.0 116 10.9 10.4 10.0 9.8 9.5 C12000 | B75
12.0 T1.6 10.9 10.4 10.0 9.8 9.5 C12200 | B75
12.0 11.6 10.9 10.4 10.0 9.8 9.5 C12200 B88

12.0 11.6 11.3 11.0 10.8 10.6 10.3 10.1 9.9 9.8 9.6 9.5 9.4 C71500  B466
13.3 12.9 12.6 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.7 10.5 10.4 C71500  B467
13.3 12.9 12.6 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.7 10.5 10.4 C71500  B467

15.0 14.5 13.6 13.0 12.6 12.2 4.3 C10200 B42
15.0 14.5 13.6 13.0 12.6 12.2 4.3 C12000 B42
15.0 14.5 13.6 13.0 12.6 12.2 4.3 C12200 B42
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified
Minimum
Class/ Min.
Nominal Product Spec. UNS Condition/ P-No. Temp.,
Composition Form No. No. Temper SizeRange,in. (5)(7) Notes °F (6) Tensile Yield

Copper and Copper Alloy — Pipes and Tubes
99.95Cu-P Tube—B75 €10200— 1386 3t PEIMEET) =#52 %*5 0
99.9Cu-P Tube B75 C1200