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FOREWORD

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

dministratisze cpnncr\v The breadth of the field invelved voqn;var] that mam]ﬁovc]ﬂn'p of the

Sectional Committee be drawn from some 40 engineering societies, industries, government
bureaus, institutes, and trade associations.

Initial publication in 1935 was as the American Tentative Standard Code for Pressure Piping.
Revisions from 1942 through 1955 were published as American Standard Code for Pressure
Piping, ASA B31.1. It was then decided to publish as separate documents the various_ industry
Sections, beginning with ASA B31.8-1955, Gas Transmission and Distribution Piping-Systems.
The first Petroleum Refinery Piping Code Section was designated ASA B31.3-1959. ASA B31.3
revisions were published in 1962 and 1966.

In 1967-1969, the American Standards Association became first the United_States of America
Standards Institute, then the American National Standards Institute. The ‘Sectional Committee
became American National Standards Committee B31 and the Code was)renamed the American
National Standard Code for Pressure Piping. The next B31.3 fevision was designated
ANSI B31.3-1973. Addenda were published through 1975.

A draft Code Section for Chemical Plant Piping, preparediby ‘Section Committee B31.6, was
ready for approval in 1974. It was decided, rather than have.two closely related Code Sections,
fo merge the Section Committees and develop a joint Code Section, titled Chemical Plant and
Petroleum Refinery Piping. The first edition was published as ANSI B31.3-1976.

In this Code, responsibility for piping design was\conceptually integrated with that for the
pverall processing facility, with safeguarding recognized as an effective safety measure. Three
categories of Fluid Service were identified, with a'separate Chapter for Category M Fluid Service.
Coverage for nonmetallic piping was introduced. New concepts were better defined in five
Addenda, the fourth of which added Appendix M, a graphic aid to selection of the proper Fluid
Service category.

The Standards Committee was reofganized in 1978 as a Committee operating under ASME
procedures with ANSI accreditation. It is now the ASME Code for Pressure Piping, B31 Committee.
Section committee structure femains essentially unchanged.

The second edition of Cherhical Plant and Petroleum Refinery Piping was compiled from the
1976 Edition and its fivelAddenda, with nonmetal requirements editorially relocated to a separate
Chapter. Its new designation was ANSI/ASME B31.3-1980.

Section Committee/B31.10 had a draft Code for Cryogenic Piping ready for approval in 1981.
Again, it was décided to merge the two Section Committees and develop a more inclusive Code
with the same title. The work of consolidation was partially completed in the
ANSI/ ASME B31.3-1984 Edition.

Significant changes were made in Addenda to the 1984 Edition: integration of cryogenic require-
ments was completed; a new stand-alone Chapter on high-pressure piping was added; and
coverage of fabrication, inspection, testing, and allowable stresses was reorganized. The new

ditiormr was Tedesignated-as ASME7ANSTB31:3-1987 Editiom

Addenda to the subsequent five Editions, published at three-year intervals, were primarily
used to keep the Code up to date. New Appendices were added, however, on requirements for
bellows expansion joints, estimating service life, submittal of Inquiries, aluminum flanges, and
quality control in the 1990, 1993, 1999, and 2002 Editions, all designated as ASME B31.3.

In a program to clarify the application of all Sections of the Code for Pressure Piping, changes
were made in the Introduction and Scope statements of the 1996 Edition, and its title was changed
to Process Piping.

Under direction of ASME Codes and Standards management, metric units of measurement
were emphasized. With certain exceptions, SI metric units were listed first in the 1996 Edition
and were designated as the standard. Instructions for conversion were given where metric data

Xii
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were not available. U.S. Customary units also were given. By agreement, either system may have
been used.

Beginning 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 new 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 B33 was theadditiomrof Chapter X High Purity Piping -t the 2612 Editiorn, Tabtes A=tiv
and A-2M were added to Appendix A that give allowable design values in SI metric units,and
Appendix N, Application of ASME B31.3 Internationally, was also added.

In this 2014 Edition of the Code, SI metric units are given first, with U.S. Customary units i
parentheses. Table K-1 in Appendix K, and Tables C-1 and C-6 in Appendix C, arge exceptions
containing only U.S. Customary units. The allowable design values in Tables Ax] ‘and A-2 ir
Appendix A are given in U.S. Customary units and are the required values; thé<SI metric values
in Tables A-1M and A-2M are for information only. Except for Tables A-1M;A-2M, C-1, C-6, and
K-1, values in metric units are to be regarded as the standard, unless othétwise agreed betweer
the contracting parties. Instructions are given in those tables for converting tabular data in U.S
Customary units to appropriate SI metric units.

Interpretations, Code Cases, and errata to the B31.3 Code on Proeess Piping are published or
the following ASME web page: http://cstools.asme.org/csconnect/CommitteePages.cfin? Committee
N10020400.

ASME B31.3-2014 was approved by the American National Standards Institute on July 16, 2014
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INTRODUCTION

The ASME B31 Code for Pressure Piping consists of a number of individually published Sections,
each an American National Standard, under the direction of ASME Committee B31, Code for

ressure Piping
I O

Rules for each Section reflect the kinds of piping installations considered during its development,
ps follows:

B31.1  Power Piping: piping typically found in electric power generating stations, in imdus*

trial and institutional plants, geothermal heating systems, and central and district

heating and cooling systems

B31.3  Process Piping: piping typically found in petroleum refineries; chemical, pharmaceuti-

cal, textile, paper, semiconductor, and cryogenic plants; and related ptroeéssing plants

and terminals

B31.4  Pipeline Transportation Systems for Liquids and Slurries: piping\transporting prod-

ucts that are predominately liquid between plants and terminals and within termi-

nals, pumping, regulating, and metering stations

B31.5  Refrigeration Piping and Heat Transfer Components: piping for refrigerants and sec-

ondary coolants

B31.8  Gas Transmission and Distribution Piping Systems:\piping transporting products that
are predominately gas between sources and terminals, including compressor, regulat-
ing, and metering stations; gas gathering pipelines

B31.9  Building Services Piping: piping typically found in industrial, institutional, commer-
cial, and public buildings, and in multi-uxit residences, which does not require the
range of sizes, pressures, and temperatures covered in B31.1

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

This is the B31.3 Process Piping Code'Section. Hereafter, in this Introduction and in the text of
this Code Section B31.3, where the word Code is used without specific identification, it means
this Code Section.

It is the owner’s responsibility) to select the Code Section that most nearly applies to a proposed
piping installation. Factors tobe considered by the owner include limitations of the Code Section;
urisdictional requirements; and the applicability of other codes and standards. All applicable
requirements of the-selected Code Section shall be met. For some installations, more than one
Code Section maytapply to different parts of the installation. The owner is also responsible for
mposing requifements supplementary to those of the Code if necessary to assure safe piping
for the proposed installation.

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

- ANSI Z223.1 National Fuel Gas Code: piping for fuel gas from the point of delivery to the
conmection of each fuel utilization device

= NFPA Fire Protection StandardsTfire protection systems Using water, carbort dioxide, Tatorr,
foam, dry chemicals, and wet chemicals

— NFPA 99 Health Care Facilities: medical and laboratory gas systems

— building and plumbing codes, as applicable, for potable hot and cold water, and for sewer
and drain systems

The Code sets forth engineering requirements deemed necessary for safe design and construction
of pressure piping. While safety is the basic consideration, this factor alone will not necessarily
govern the final specifications for any piping installation. The Code is not a design handbook.
The requirements of this Code generally employ a simplified approach. Many decisions that must
be made to produce a sound piping installation are not described in detail by this Code. The
Code does not eliminate the need for sound engineering judgments by the owner and the designer.

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

(a) references to acceptable material specifications and component standards, including dimen-
sional requirements and pressure-temperature ratings

(b) requirements for design of components and assemblies, including piping supports

(c) Tequirements and data for evaluation and limitation Of Stesses, reactions, and Movementy
associated with pressure, temperature changes, and other forces

(d) guidance and limitations on the selection and application of materials, components, and
joining methods

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

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

ASME Committee B31 is organized and operates under procedures of The American Society
of Mechanical Engineers that have been accredited by the American National.Standards Institute
The Committee is a continuing one, and keeps all Code Sections currentwith new developments
in materials, construction, and industrial practice. New editions are published at intervals of tw(
years.

Code users will note that paragraphs in the Code are not necessatily numbered consecutively
Such discontinuities result from following a common outling, insofar as practical, for all Codse
Sections. In this way, corresponding material is correspondingly numbered in most Code Sections
thus facilitating reference by those who have occasion,to.use more than one Section.

It is intended that this edition of Code Section B31.3\not be retroactive. Unless agreement is
specifically made between contracting parties to use-aiother issue, or the regulatory body having
jurisdiction imposes the use of another issue, the latest edition issued at least 6 months prior tg
the original contract date for the first phase ofactivity covering a piping installation shall be the
governing document for all design, materials, fabrication, erection, examination, and testing for
the piping until the completion of the work and initial operation.

Users of this Code are cautioned agdinst making use of Code revisions without assurance tha
they are acceptable to the proper atthérities in the jurisdiction where the piping is to be installed

The B31 Committee has establishéd an orderly procedure to consider requests for interpretatior
and revision of Code requirements. To receive consideration, such request must be in writing
and must give full particulars in accordance with Appendix Z.

The approved reply toan’inquiry will be sent directly to the inquirer. In addition, the questior
and reply will be published as part of an Interpretation supplement.

A Case is the prescribed form of reply when study indicates that the Code wording need
clarification, orx{wfien the reply modifies existing requirements of the Code or grants permissior
to use new materials or alternative constructions. The Case will be published as part of a Case
supplement.

Code\Cases remain available for use until annulled by the ASME B31 Standards Committee.

Adequest for revision of the Code will be placed on the Committee’s agenda. Further informatior
or.active participation on the part of the proponent may be requested during consideration of 3
proposed revision.

Materials ordinarily are listed in the stress tables only when sufficient usage in piping withir
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the scope 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 guidelines for
addition of new materials in the ASME Boiler and Pressure Vessel Code, Section II. (To develop
usage and gain experience, unlisted materials may be used in accordance with para. 323.1.2.)
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ASME B31.3-2014
SUMMARY OF CHANGES

Following approval by the B31 Committee and ASME, and after public review, ASME B31.3-2014

was approved by the American National Standards Institute on July 16, 2014.
Changes given below are identified on the pages by a margin note, (14), placed next to.the
hffected area.
Page Location Change
viii Introduction Revised
il 300 Subparagraphs (b)(1) and\(c)(3) revised
D8 300.2 (1) In definition of fluid”service,
subparagraph (b) revised
(2) Definitiong’of‘heat treatment and weld
coupon revised
(3) Definition of integrally reinforced
branigh-connection fitting added
D Table 300.4 Entry for Appendix P deleted
10 301.2.2 Subparagraph (a) revised
12-14 302.2 Revised in its entirety
302.3.2 In subparagraphs (b) and (d), first
paragraph revised
15-17 Table 302.3.3C (1) MSS SP-93 added to General Note
(2) Note (2) revised
302.3.5 In subparagraph (d), nomenclature for S,
added
18 302.3.6 Subparagraph (a) revised
D1 Table 304.1.1 Revised
D4 Fig. 304.3.3 General Note revised
P9 304.7.2 First paragraph revised
B0 305.2.3 Revised
32 306.6 Added
B6 31912 Last paragraph deleted
319.2 Revised
37 319.2.3 Subparagraph (b) revised
319.2.4 First paragraph revised
38, 39 31944 Revised
319.5 Revised
43 321.1.4 Subparagraph (b) revised
46-48 323.2.2 Revised
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Page Location Change
Table 323.2.2 (1) Under Type of Material, first two
entries revised
(2) Note (5) revised
50 Table 323.2.2A Straddle head revised
51 Fig. 323.2.2B Title and General Notes revised
52 Table 323.3.1 Item numbers revised
54, 55 323.4.2 Subparagraph (b) revised
57-59 Table 326.1 Revised
63-71 328.5.4 (1) Subparagraphs (b) and (c) revised
(2) Subparagraph (i) added
Fig. 328.5.4F Added
328.7 Added
330 Revised in its entirety
Table 330.1.1 Revised in, its.entirety
331 Revised
331.1 Revised in its entirety
Table 331.1.1 Revised in its entirety
Table 331.1.2 Added
72,73 Table 331.1.3 Added
74 332.1 Footnote 1 added
76 335.9 Revised
77,78 341.3.1 Subparagraph (a) revised
341.3.2 Revised
341.3.3 Revised
79-81 Table 341.3.2 (1) Title revised
(2) Under Weld Imperfection, fourth and
ninth entries revised
(3) Last two columns deleted
(4) Criterion Value Notes revised
(5) Note (7) deleted
(6) Notes (8) and (9) redesignated as (7)
and (8), respectively
(7) Note (9) added
gQ RA QA.1 A A Q11]’\ﬁ9?‘ﬁ("1":‘1’\]’\ (F\ Y‘D‘IiCDF]
4 r o 7
342.1 Revised
85 344.3 Revised in its entirety
344.4 Revised in its entirety
87 345.2.1 Subparagraph (a) revised
345.2.2 Subparagraph (a) revised
88, 89 345.4.2 Revised
345.5.4 Subparagraph (b) revised
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Page Location Change
96 A319.2.3 Revised

102 Table A326.1 Under Nonmetallic Pipes and Tubes,
ASTM F423, F491, F492, F546, F599,
and F781 deleted

107 A335.4.1 Revised
111 M300 Revised
M302 Revised in its entirety
112 M306.1 Revised in its entirety
M306.2 Revised
M306.4.2 Revised
M307 Revised in its entirety
M308.3 Revised
M308.4 Revised
113, 114 M311.2 Revised
M320 Added
M321 Revised
M322 Revised in its entirety
M323.1 Revised
M323.1.2 Added
M326.1.2 Revised
115 M335.10 Added
M341.4 Subparagraph (b) revised
M345 Revised
116 MA30273 Revised in its entirety
MAZ303 Revised
MA305 Revised
MA306 Revised
MA307 Revised
MA308 Revised
MA309 Revised
117 MA314.1 Revised
MA323 Revised
MA323.1.2 Added
MA323.4.3 Revised
MA327 Revised
MA332 Revised
118 MA341.1 Revised
MA341.4 Paragraph MA341.2 redesignated as
MA341.4

xxii
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Page Location Change
MA342 Revised
MA343 Revised
MA345 Revised
121 K302.3.3 Subparagraph (b) revised
124 K304.7.2 First paragraph revised
125 K304.8.1 Footnote 7 revised
130 K323.2.1 Revised
K323.2.3 Revised
K323.2.4 Revised
136, 137 K330.1 Revised in its entirety
139 K341.3.3 Revised
140 Table K341.3.2 Second and third column heads revised
143 K345.4.2 Revised
145 U315.1 Reviséd
Chapter X, Part 5 Revised in its entirety
146 U328 Revised in its entirety
U335.8 Revised
147 Fig. U335.8A Fig. U335.8 redesignated as Fig. U335.8A
and revised
148 Fig. U335.8B Added
Fig. U3358Q Added
149 U344.8 Revised in its entirety
152-154 Speeification Index for (1) Title of ASTM A126 revised
Appendix A (2) ASTM A696, A813, A814, B668, and
B709 added
155-157 Notes for Tables A-1, (1) General Note (b) revised
A-1M, A-1A, A-1B, A-2, (2) General Note (d) corrected by errata
and A-2M to include M20
(3) General Note (e) revised
(4) General Note (f) added
(5) Note (1) corrected by errata to
include Tables A-1M and A-2M
\U) Notes (18), (23), arrch (42:1) deteted
(7) Notes (42), (48), and (65) revised
(8) Note (46) redesignated as (7) and
new Note (46) added
(9) Note (74) revised
159 Table A-1 Under Iron, Castings, for A395, Grade
added
160 Table A-1 Under Carbon Steel, Pipes and Tubes, for
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both API 5L A25 rows, first A53 A,
and A139 A, Notes revised
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Page
162

164, 165

Location

Table A-1

Table A-1

Change

For A671 CK75, A672 N75, and A691
CMS-75, Material revised for all six
rOws

(1) Under Plates, Bars, Shapes, and
Sheets, A696 B and C added
(2) For both A299 rows, Grade added

180, 181

182, 183

184, 185

186, 187

1
1

1 A2
dDIC A=1

Table A-1

Table A-1

Table A-1

Table A-1

Table A-1

N T 1 I 1-I 1 A
(1) UILdCT LOW dIld HICTITIEULalc AllU_y

Steel, Plates, for A645, Grade added

(1) Under Stainless Steel, Pipes and
Tubes, for the first A312 and A376
TP321 rows, stress value for 850°F
revised

(2) A213 TP316Ti added

(1) A249 and A312 904Ladded

(2) A813 and A814 $31254 added

(3) A249 and A312 531254 added (two
rows for each)

(4) A312, A358; A813, and A814 N08367
added{(two rows for each)

(5) A789%and A790 S32101 added (two
rows' for each)

(6).(A789 and A790 2205 added

(1) A789 and A790 S32906 added (two
rows for each)

(2) For A789 S32750, Product Form
added and stress values revised

(3) For A790 2507, Product Form and
Grade added, and stress values
revised

(1) Under Plates and Sheets, A240 904L
added

(2) A240 201LN added

(3) Two rows for A240 S31254 added

(4) Two rows for A240 N08367 added

(5) Two rows for A240 S32101 added

(6) A240 2205 added

(7) Two rows for A240 S32906 added

(8) A240 2507 added

(1) Under Forgings and Fittings, A182
F904L added
(2) A182 F44, A403 WPS31254, and A403

188, 189
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Table A-1
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CRS31254 added

(3) A182 F62, A403 WP6XN, and A403
CR6XN added

(4) A815 S32101 added

(5) A182 and A815 2205 added

(6) A182 F53, A815 WPS32750, and A815
CRS32750 added

(1) Under Bar, A479 904L added
(2) A479 S31254 added
(3) A479 NO08367 added
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Page

194, 195

Location

Table A-1

Change

(4) A479 $32101 added
(5) A479 2205 added

(6) A479 S32906 added
(7) A479 S32750 added

(1) Under Nickel and Nickel Alloy, Pipes
and Tubes, for B407 and B514 N08810,
stress values for 1,550°F through

196, 197

198, 199

200, 201

Table A-1

Table A-1

Table A-1

1,650°F revised

(2) For B407 N08811, stress value for
1,050°F revised

(3) B668 N08028 added

(1) B626 N06059 added

(2) B619, B622, and B626*N10362 added

(3) Under Plates and,Sheets, for B409
NO08810 and N08811, stress values for
1,550°F through-1,650°F revised

(1) B709 N08028 added

(2) B575 X(10362 added

(3) Under)Forgings and Fittings, for B366
N02201 and N02200, Condition and
Size Range added

(4) For B564 N02200, Notes revised

(1) For B564 N08810, stress values for
1,550°F through 1,650°F revised

(2) For B564 N08811, stress values for
1,100°F through 1,550°F and 1,650°F
revised

(3) For B366 N08810, Size added, Notes
revised, and stress values for 1,550°F
through 1,650°F revised

(4) For B366 N08811, Size added, Notes
revised, and stress values for 1,100°F
through 1,550°F and 1,650°F revised

(5) For B366 N04400 and N06600,
Condition and Size added

(6) For B366 N06030, Notes added

(7) For B366 N08800, Condition revised,
and Size and Notes added

(8) For B366 N08020, Size and Notes
added

(9) For B366 N08825, Condition revised,
and Size and Notes added
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(10 For B366 N06062, Cornditiom and Siz
added, and Notes revised

(11) For B366 N08031, Condition revised
and Notes added

(12) For B366 N10276, Notes added

(13) For B366 N10001, Condition and Size
added, and Notes revised

(14) For B366 N06022, Condition and Size
added

(15) For B366 N06059, Condition revised
and Notes added
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Page

202, 203

Location

Table A-1

Change

(16) For B366 N06200, Notes added

(17) B366, B462, and B564 N10362 added

(18) For B366 N10665, N10675, and
NO06230, Notes added

(1) Under Rod and Bar, for B408 N08810,
stress values for 1,050°F through
1 650°F revised

P11

D12
P13-321

D14

P20, 221

P28

P34-237
42245
46249

P50-253

582641

Table A-1

Table A-1M
Table A-1M

Table A-1M

Table A-1IM

Table A-1M
Table A-1M
Table A-1M
Table A-1M

Table A-1M

Table A-1M.

(2) For B408 N08811, stress values for
1,550°F through 1,650°F revised
(3) B574 N10362 added

Under Aluminum Alloy, Forgings.and
Fittings, all Notes entries revised

For A395, Grade added

(1) Straddle head revised

(2) Column head fordowest metal
temperature corrected by errata to
read Min, Temp. to 40

For both API'5L A25 rows, first A53 A,
and A139 A, Notes revised

(1) A696 B and C added
(2). For both A299 rows, Grade added

For A645, Grade added
A213 TP316Ti added
A249 and A312 904L added

(1) A312, A358, A813, and A814 N08367
added (two rows for each)

(2) For A789 532750, Min. Temp., Min.
Yield Strength, and stress values
revised

(3) For A790 S32750, Grade added, and
Min. Temp., Min. Yield Strength, and
stress values revised

(1) A240 904L added

(2) A240 201LN added

(3) Two rows for A240 N08367 added
(4) A240 2507 added

1D A182 FA04l added

262-265

266-270
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Table A-1M

Table A-1M

XXVi

1

(2) A182 F62, A403 WP6XN, and A403
CR6XN added

(3) A182 F53, A815 WPS32750, and A815

CRS32750 added

(1) A479 904L added
(2) A479 N08367 added
(3) A479 S32750 added

In eighth column head, Note (7) reference
added by errata
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Page
272-275

280-283

Location

Table A-1IM

Table A-1IM

Change

(1) For B407 and B514 NO08810, stress
values for 600°C, 625°C, 750°C, and
800°C through 900°C revised

(2) B668 N08028 added

(1) For B409 N08810, stress values for
350°C through 550°C, 600°C, 625°C,

284-287

288-291

292-295

318, 319
320, 321
324

325

326, 327

Table A-1IM

Table A-1IM

Table A-1IM

Table A-1M
Table A-1M
TabletA-1B

Table A-1B

Table A-2

'7Rn°(“, and-800°C ﬂ'\rnng]ﬁ 900°C.

revised

(2) For B409 N08811, stress values for
400°C, 550°C through 650°C, 700°C,
and 775°C through 900°C revised

(1) B709 N08028 added
(2) For B366 N02201, Condition and Size
added

(1) For B366 N02200, Condition and Size
added

(2) For B564 N02200, Notes revised

(3) For<hree B366 rows, Condition added

(4) For four B366 rows, Condition
revised

(5). For nine B366 rows, Size added

(6) For ten B366 rows, Notes revised

(1) For B366 N06022, Condition added
(2) For B366 N06059, Condition revised
(3) For five B366 rows, Notes revised

For all B361 rows, Notes revised
For all B361 rows, Notes revised

(1) Under Stainless Steel, A249 added
(2) For A312, last row added
(3) A813 and A814 added

(1) Under Nickel and Nickel Alloy, B668
added
(2) Under Aluminum Alloy, B361 revised

(1) Under Carbon Steel, for A194 2HM,
Product Form revised

(2) Under Alloy Steel, for A194 4, 7, and
7M, Min. Temp. revised

(’.2) A104 AT 7T  and 7NMT 2 ddad
TR eV a e e eer

328

330

336-339
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Table A-2

Table A-2

Table A-2M

XXVii

Under Stainless Steel, for fourth group of
rows, Class/Condition/Temper revised

For A193 B8M and A320 BS8M, Class/
Condition/Temper revised

(1) For A194 2HM, Product Form revised

(2) For A194 4, 7, and 7M, Min. Temp.
and Max. Use Temp. revised

(3) A194 4L, 7L, and 7ML added
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Page Location Change
337-349 Table A-2M Column head for lowest metal
temperature corrected by errata to read
Min. Temp. to 40
358 Note for Appendix C Revised
Tables
359-361 Table C-1 Revised in its entirety
B62-365 Table C-2 Added
Table C-3 Deleted
B68, 369 Table C-6 Under Ferrous Metals, first Material
entry revised
B72-375 Table D300 Note (1) redesignated as Genetal Note
and subsequent Notes tefidmbered
B76-381 Appendix E Revised
B84 F323.2 Added
B86 F335.9 Subparagraph(d) added
398-408 Appendix | Revised
112 Appendix K A694tadded to Specification Index
113 Notes for Appendix K (19General Note (b) revised
Table (2) Former Notes (2), (6), and (18)
changed to General Notes
(3) Notes renumbered
(4) Note (9) [formerly Note (21)] revised
114425 Table K-1 (1) Notes renumbered
(2) Under Carbon Steel, Forgings and
Fittings, A694 F42 through F70 added
(3) For all right-hand pages, column
head for lowest metal temperature
corrected by errata to read Min.
Temp. to 100
127, 428 L£303.3 Revised in its entirety
132 Appendix P Deleted
148, 449 V304 Revised
151 X302.1 Revised
NOTES:

(1) The interpretations to ASME B31.3 issued between April 30, 2012 and December 16, 2013 follow the last page
of this edition as a separate supplement, Interpretations Volume 24.
(2) After the interpretations, a separate supplement containing Cases 180, 181, 185, 191, and 193 follows.
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ASME B31.3-2014

PROCESS PIPING

Chapter |

300 | GENERAL STATEMENTS

(a)| Identification. This Process Piping Code is a
Sectipn of the American Society of Mechanical Engineers
Codg¢ for Pressure Piping, ASME B31, an American
Nati¢nal Standard. It is published as a separate docu-
mentff for convenience of Code users.

(b)| Responsibilities
1) Owner. The owner of a piping installation shall
have| overall responsibility for compliance with this
Codg, and for establishing the requirements for design,
consfruction, examination, inspection, and testing that
will govern the entire fluid handling or process installa-
tion pf which the piping is a part. The owner is also
responsible for designating piping in Category Dj
Category M, High Pressure, and High Purity Fluid
Servjces, and for determining if a specific Quality
Systgm is to be employed. [See paras. 300(d)(4)through
(7) and Appendix Q.] Where applicable, the'ewner shall
consider requirements imposed by the autherity having
jurisdliction regarding the piping installation.

2) Designer. The designer isxesponsible to the
owngdr for assurance that the engingering design of pip-
ing domplies with the requiréments of this Code and
with|any additional requirements established by the
owngr.

3) Manufacturey, Eabricator, and Erector. The manu-
factuper, fabricator,ahd erector of piping are responsible
for pfoviding materials, components, and workmanship
in compliance‘with the requirements of this Code and
of the engineering design.

4)-Owner’s Inspector. The owner’s Inspector (see
ara L340 isresponsible to-the owmner for ensuring that
paral349) tot W suring that

Scope and Definitions

repair of piping that has beenyplaced in sefvice. The
provisions of this Code may{¢ptionally be applied for
those purposes, although éther considerationd may also
be necessary.
(3) The Codegenerally employs a simplified
approach for man¥. of its requirements. A designer capa-
ble of applying a-more complete and rigoroup analysis
consistent with the design criteria of this CJode shall
have the fatittide of applying such analysis in the devel-
opmentof designs and fabrications. The designer shall
provide details of design, construction, exapnination,
and“testing, along with calculations consistent with the
design criteria of this Code. The details shalll be docu-
mented in the engineering design and theif validity
accepted by the owner.
(4) Piping elements should, insofar as ptacticable,
conform to the specifications and standards listed in
this Code. Piping elements neither specifically ppproved
nor specifically prohibited by this Code may be used
provided they are qualified for use as set forth in applica-
ble Chapters of this Code.
(5) The engineering design shall spgcify any
unusual requirements for a particular servige. Where
service requirements necessitate measures beypnd those
required by this Code, such measures shall be specified
by the engineering design. Where so specified) the Code
requires that they be accomplished.
(6) Compeatibility of materials with the sgrvice and
hazards from instability of contained fluids are not
within the scope of this Code. See para. F323]
(d) Determining Code Requirements

the requirements of this Code for inspection, examina-
tion, 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) It is the intent of this Code to set forth engi-
neering 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
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(1) Code requirements for design and construction
include fluid service requirements, which affect selection
and application of materials, components, and joints.
Fluid service requirements include prohibitions, limita-
tions, and conditions, such as temperature limits or a
requirement for safeguarding (see Appendix G). Code
requirements for a piping system are the most restrictive
of 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
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Service (see para. 300.2 and Appendix M), Code require-
ments 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

(-¢) Chapter II, Part 4, for joints

(3) For nonmetallic piping and piping lined with

nonmetals, all requirements are found in Chapter VIL
Paragraph designations begin with “A.”

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) raw, intermediate, and finished chemicals
(2) petroleum products
(3) gas, steam, air, and water
(4) fluidized solids

(4) For piping in a fluid service designated as
Category|M, all requirements are found in Chapter VIIL
Paragraph designations begin with “M.”

(5) ¥or piping in a fluid service designated as
Category| D, piping elements restricted to Category D
Fluid Serfice in Chapters I through VII, as well as ele-
ments sujtable for other fluid services, may be used.

(6) Hor piping designated as High Pressure Fluid
Service, all requirements are found in Chapter IX. These
rules apply only when specified by the owner. Paragraph
designatipns begin with “K.”

(7) Bor piping designated as High Purity Fluid
Service, |all requirements are found in Chapter X.
Paragraph designations begin with “U.”

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

(9) Requirements for Normal Fluid Service in
Chapter$ I through VI are applicable for Elevated
Temperature Fluid Service unless alternative require-
ments fdr Elevated Temperature Fluid Servicélare
invoked.

(e) Applendices. Appendices of this Code contaih Code
requirements, supplementary guidance, otother infor-
mation. See para. 300.4 for a description-of the status
of each Appendix.

(f) Code Cases. ASME issues(Code Cases that are
applicablp to this Code. The Code Cases

(1) modify the requiremlents of this Code

(2) areapplicable fromthe issue date until the Cases
are annulled

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

(5) refrigerants
(6) cryogenic fluids
(c) SeeFig.300.1.1for a diagram illustratingthe appli-
cation of B31.3 piping at equipment. Thefjoint conngcting
piping to equipment is within the scope of B31.3,

300.1.2 Packaged Equipment Piping. Also included
within the scope of this Code ispiping that intercornects
pieces or stages within a packaged equipment assembly.

300.1.3 Exclusions. This Code excludep the
following;:
(a) piping systems designed for internal gage |pres-
sures at or above’ zero but less than 105 kPa (19 psi),
provided the fluid handled is nonflammable, nontoxic,
and not damiaging to human tissues as defined in p00.2,
and it§’design temperature is from —29°C (-R0°F)
through 186°C (366°F)
{(b) power boilers in accordance with BPV (ode?
Section I and boiler external piping that is required to
conform to B31.1
(c) tubes, tube headers, crossovers, and manifolds of
fired heaters that are internal to the heater encloqure
(d) pressure vessels, heat exchangers, pumps, |com-
pressors, and other fluid handling or processing equip-
ment, including internal piping and connectiors for
external piping

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

anneal heat treatment: see heat treatment.

300.1 Scope

Rules for the Process Piping Code Section B31.3! have
been developed considering piping typically found in
petroleum refineries; chemical, pharmaceutical, textile,
paper, semiconductor, and cryogenic plants; and related
processing plants and terminals.

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

Section I, Power Boilers

Section II, Materials, Part D

Section V, Nondestructive Examination

Section VIII, Pressure Vessels, Divisions 1 and 2
Section IX, Welding, Brazing, and Fusing Qualifications

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

(14)
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Fig. 300.1.1 Diagram Illlustrating Application of B31.3 Piping at Equipment

—

){ Power boilers in accordance
with BPV Code Section I
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

/

Legend

Piping outside the scope

GENERAL NOTE:

arc cltting: a group of cutting processes, wherein the
sevelling or removing of metals is effected by melting
with|the heat of an arc between areléctrode and the
base metal. (Includes carbon-arc-ctitting, metal-arc cut-
ting,|gas metal-arc cutting, gas tuingsten-arc cutting,
plastha-arc cutting, and air,carbon-arc cutting.) See also
oxygdn-arc cutting.

arc welding (AW): a grdup'of welding processes that pro-
duce$ coalescence-of metals by heating them with an
arc of arcs, with*orwithout the application of pressure
and yvith or Without the use of filler metal.

assembly;~the' joining together of two or more piping
components by boltmg, weldmg, bondmg, screwmg,

as spec1f1ed by the engmeermg 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)].

automatic welding: welding with equipment that per-
forms 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.

f_{ Packaged equipment piping

Piping within the scope of B31.3

The means by which piping is attached toceguipment is within the scope of the applicable piping code.

f__

\J'\

Pressure vessels;heat
exchangers, pamps, com-
pressors and other fluid
handling-or processing
equipment, including in-
ternalpiping and con-
nections for external
piping

backing ring: material in the form of a ring us¢d to sup-
port molten weld metal.

balanced piping system: see para. 319.2.2(a).
base material: the material to be brazed, soldered, welded,
or otherwise fused.
basic allowable stress: see stress terms frequently|used.
bolt design stress: see stress terms frequently usefl.

bonded joint: a permanent joint in nonmetallic piping
made by one of the following methods:

(a) adhesive joint: a joint made by applying|an adhe-
sive to the surfaces to be joined and pressfing them
together

' : y butting
together the joining surfaces and wrapping the joint with
plies of reinforcing fabric saturated with resin

(c) heat fusion joint: a joint made by heating the sur-
faces to be joined and pressing them together to achieve
fusion

(d) hot gas welded joint: a joint made by simultane-
ously heating the surfaces to be joined and a filler mate-
rial with a stream of hot air or hot inert gas, then pressing
the surfaces together and applying the filler material to
achieve fusion
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(e) solvent cemented joint: ajoint made by using a sol-
vent cement to soften the surfaces to be joined and press-
ing them together

(f) electrofusion joint: ajoint made by heating the sur-
faces to be joined using an electrical resistance wire coil
that remains embedded in the joint.

bonder: one who performs a manual or semiautomatic
bonding operation.

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

damaging to human tissues: for the purposes of this Code,
this phrase describes a fluid service in which exposure
to the fluid, caused by leakage under expected operating
conditions, can harm skin, eyes, or exposed mucous
membranes so that irreversible damage may result
unless prompt restorative measures are taken. (Restor-

bondingo erator—onmewho uyclalcb Trachie orattonetic
bonding pquipment.

bonding frocedure: the detailed methods and practices
involved [in the production of a bonded joint.

bonding procedure specification (BPS): the document that
lists the parameters to be used in the construction of
bonded jpints in accordance with the requirements of
this Codg.

borescopic| examination: a visual examination aided by a
mechanidal or electromechanical device to examine the
inside digmeter of inaccessible welds.

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

brazing: d metal joining process wherein coalescence is
produced by use of a nonferrous filler metal having a
melting goint above 427°C (800°F), but lower than that
of the basp metals being joined. The filler metal is disttib-
uted between the closely fitted surfaces of the joint by
capillary Jattraction.

butt joint:[a joint between two members alighed approxi-
mately ir} the same plane.

Category D: see fluid service.
Category M: see fluid service.

caulked jojnt: ajoint in which suitable material (or materi-
als) is either poured or €émpressed by the use of tools
into the ahnular space'between a bell (or hub) and spigot
(or plain lend), thus'\comprising the joint seal.

chemical plant:‘an‘industrial plant for the manufacture
or procesping of chemicals, or of raw materials or inter-
mediated fa h chemicals A chemica
include supporting and service facilities, such as storage,
utility, and waste treatment units.

cold spring: see para. 319.2.4.

compression type tube fittings: tube fittings consisting of
a flareless, mechanical grip connection, including a body,
nut, and single or dual ferrules. See also para. U306.6.

connections for external piping: those integral parts of indi-
vidual pieces of equipment that are designed for attach-
ment of external piping.
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ative measures may include flushing with water,admin-
istration of antidotes, or medication.)

design minimum temperature: see para. 3013\ 1"
design pressure: see para. 301.2.
design temperature: see para. 301.3:

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

displacement stress range:\see’ para. 319.2.3.
elements: see piping elentents.

engineering designs the detailed design governing 3 pip-
ing system, developed from process and mechgnical
requirements, conforming to Code requirements{ and

including all necessary specifications, drawingg, and
supporting documents.

equipment connection: see connections for external piping.

erection: the complete installation of a piping systém in
the locations and on the supports designated by the
engineering design including any field assembly, fabri-
cation, examination, inspection, and testing of the sys-
tem as required by this Code.

examination, examiner: see paras. 341.1 and 341.2.

examination, types of: see para. 344.1.3 for the follojving;:
(a) 100% examination
(b) random examination
(c) spot examination
(d) random spot examination

extruded outlet header: see para. 304.3.4.

fabrication: the preparation of piping for assembly,
including cutting, threading, grooving, forming, bend-
ing, and joining of components into subassemblies| Fab-
rication may be performed in the shop or in the field.

e

from which the weldin

g was done.

face seal fitting: a High Purity Fluid Service fitting that
incorporates two machined faces and a metallic gasket
within 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 sec-
tion joining two surfaces approximately at right angles
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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 under ambient or expected operating conditions is
a vapor or produces vapors that can be ignited and
continue to burn in air. The term thus may apply,
depending on service conditions, to fluids defined for
other purposes as flammable or combustible.

fluid service: a general term concerning the application

full fillet weld: a fillet weld whose size is equal to the
thickness of the thinner member joined.

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

gas metal-arc welding (GMAW): an arc-welding process
that produces coalescence of metals by heating them

with an arc between a continuous filler metal (consum-
able) electrode and the work thp]ﬂing is obtained

of a giping system, considering the combination of fluid
properties, operating conditions, and other factors that
establish the basis for design of the piping system. See
Appéendix M.

(a)| Category D Fluid Service: a fluid service in which
all ofl the following apply:

1) the fluid handled is nonflammable, nontoxic,
and pot damaging to human tissues as defined in
para,300.2

2) the design gage pressure does not exceed
1035 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
(=209F)

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

1) the fluid is so highly toxic that a single exposureé
to a Yery small quantity of the fluid, caused by leakage,
can produce serious irreversible harm to persons’ on
breathing or bodily contact, even when prompt restor-
ative| measures are taken

2) after consideration of piping desigr, experience,
servife conditions, and location, the.owner determines
that the requirements for Normal (Fluid Service do not
suffigiently provide the leak tightness required to protect
persgnnel from exposure

(c)| Elevated Temperature Eluid Service: a fluid service
in which the piping metal temperature is sustained
equal to or greater than'T,, as defined in Table 302.3.5,
General Note (b):

(d)) High Pressure Fluid Service: a fluid service for
which the owmner specifies the use of Chapter IX for
pipirlg desigh and construction; see also para. K300.

(e)| High Purity Fluid Service: a fluid service that

entirely from an externally supplied gas, or gaf mixture.
Some variations of this process are called MIG or CO,
welding (nonpreferred terms).

gas tungsten-arc welding (GTAW): an arc-weldirlg process
that produces coalescence of fietals by heafing them
with an arc between a single targsten (noncorjsumable)
electrode and the work.(Shielding is obtaingd from a
gas or gas mixture. Pressure may or may noft be used
and filler metal may-or‘may not be used. (Thfs process
has sometimes been ‘called TIG welding.)

gas welding: @-group of welding processes| wherein
coalescencé\is/produced by heating with a ga$ flame or
flames, with or without the application of pregsure, and
with orywithout the use of filler material.

graove weld: a weld made in the groove betyveen two
members to be joined.

heat affected zone: that portion of the base matetial which
has not been melted, but whose mechanical prdperties or
microstructure have been altered by the heat of welding,
brazing, soldering, forming, or cutting.

heat treatment: the following terms describe varjous types
and processes of heat treatment:
(a) annealing: heating to and holding at 3 suitable
temperature above the transformation tenjperature
range, followed by slow cooling to well below [the trans-
formation temperature range.
(b) normalizing: heating a ferrous metal to aftempera-
ture above the transformation temperature fange, fol-
lowed by cooling in room-temperature still dir to well
below the transformation temperature range.
(c) quenching: when used as a part of a hedt-treating
operation, a rapid cooling process that results|in micro-
structural stabilization or changes in material properties
that would not have occurred without rapid gooling.

requiresattermative methods of fabricatiorn, inspectior,
examination, and testing not covered elsewhere in the
Code, with the intent to produce a controlled level of
cleanness. The term thus applies to piping systems
defined for other purposes as high purity, ultra high
purity, hygienic, or aseptic.

(f) Normal Fluid Service: a fluid service pertaining to
most 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.

\/d/\ lccuuuucudcd Ot Ibl/’l/tl:ltd IILCMt treatrrert: th applica—
tion of heat to a metal section subsequent to a cutting,
forming, or welding operation, as provided in para. 331.

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

(f) stress-relief: uniform heating of a structure or por-
tion thereof to a sufficient temperature below the trans-
formation temperature range to relieve the major
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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 tem-
perature below the transformation range to improve
toughness.

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

(i) transformation temperature: the temperature at

nominal: a numerical identification of dimension, capac-
ity, rating, or other characteristic used as a designation,
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

which a phase change begins or ends. In metals, phase Strength determined i a notched specimen dividgd by

changes ¢an be solid-state changes.
High Pressure Fluid Service: see fluid service.
High Purity Fluid Service: see fluid service.

hygienic clamp joint: a tube outside-diameter union con-
sisting of two neutered ferrules having flat faces with
a conceniric groove and mating gasket that is secured
with a clpmp, providing a nonprotruding, recessless
product dontact surface. See also para. U315.3(b).

indication| linear: in magnetic particle, liquid penetrant,
or similal examination, a closed surface area marking
or denoting a discontinuity requiring evaluation, whose
longest dimension is at least three times the width of
the indication.

indicationf rounded: in magnetic particle, liquid penetrant,
or similat examination, a closed surface area marking
or denotihg a discontinuity requiring evaluation, whose
longest dimension is less than three times the width of
the indicqtion.

in-process|examination: see para. 344.7.
inspection} Inspector: see para. 340.

integrally|reinforced branch connection fitting:-see branch
connectioy fitting.

joint desigp: the joint geometry together with the required
dimensiops of the welded joint.

listed: for the purposes of this Code, describes a material
or complpnent that confofms to a specification in
Appendix A, Appendix Bjor Appendix K or to a stan-
dard in Table 326.1, A326.1, or K326.1.

manual welding: a welding operation performed and con-
trolled cqmpletely{by hand.

may: a term that indicates a provision is neither required
nor prohjbited.

the strength determined in an unnotched specimey, and
can be obtained from either static or dynarhic tess.

NPS: nominal pipe size (followed, when appropriate,
by the specific size designation number, without ar} inch
symbol).

orbital welding: automatic or machine welding in which
the electrode rotates (orbits).around the circumference
of a stationary pipe or tubg:

oxygen-arc cutting (OAE): an oxygen-cutting procesp that
uses an arc between ‘the workpiece and a consurpable
electrode, throughywhich oxygen is directed to the york-
piece. For oxidation-resistant metals, a chemical flux or
metal powder is used to facilitate the reaction.

oxygen cutting (OC): a group of thermal cutting prodesses
that severs or removes metal by means of the chemical
redction between oxygen and the base metal at eleyated
femperature. The necessary temperature is mainthined
by the heat from an arc, an oxyfuel gas flame, or pther
source.

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

packaged equipment: an assembly of individual pieges or
stages of equipment, complete with interconnecting pip-
ing and connections for external piping. The assgmbly
may be mounted on a skid or other structure prjor to
delivery.

petroleum refinery: an industrial plant for processipg or
handling of petroleum and products derived difectly
from petroleum. Such a plant may be an individual gaso-
line recovery plant, a treating plant, a gas procdgssing
plant (including liquefaction), or an integrated reﬂinery
having various process units and attendant facilitjies.

pipe: a pressure-tight cylinder used to convey a flJid or

mechanical joint: a joint for the purpose of mechanical
strength or leak resistance, or both, in which the mechan-
ical strength is developed by threaded, grooved, rolled,
flared, or flanged pipe ends; or by bolts, pins, toggles,
or rings; and the leak resistance is developed by threads
and compounds, gaskets, rolled ends, caulking, or
machined and mated surfaces.

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

totrarsmita ftuid-pressure, ordimarity designated
“pipe” in applicable material specifications. Materials
designated “tube” or “tubing” in the specifications are
treated as pipe when intended for pressure service.
Types of pipe, according to the method of manufacture,
are defined as follows:

(a) electric resistance-welded pipe: pipe produced in
individual lengths or in continuous lengths from coiled
skelp and subsequently cut into individual lengths, hav-
ing a longitudinal butt joint wherein coalescence is pro-
duced by the heat obtained from resistance of the pipe
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to the flow of electric current in a circuit of which the
pipe is a part, and by the application of pressure.

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

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

piping elements: any material or work required 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 to which a
selected Code edition and addenda apply.

piping subassembly: a portion of a piping system that
consists of one or more piping components.

nal Hutt joint wherein coalescence is produced in the
prefgrmed tube by manual or automatic electric-arc
weldjng. The weld may be single (welded from one side)
or dguble (welded from inside and outside) and may
be made with or without the addition of filler metal.

(d)| double submerged-arc welded pipe: pipe having a
longitudinal butt joint produced by at least two passes,
one ¢f which is on the inside of the pipe. Coalescence
is prpduced by heating with an electric arc or arcs
betwpen 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 not used 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
folloyved by rolling or drawing, or both.

(f)|spiral (helical seam) welded pipe: pipe having a heli-
cal s¢am with either a butt, lap, or lock-seam joint that
is wglded using either an electrical resistance, electric
fusioph or double-submerged arc welding process.

pipe-gupporting elements: pipe-supporting elemehts con-
sist gf fixtures and structural attachments_as\fellows:

(a)| fixtures: fixtures include elements thattransfer the
load ffrom the pipe or structural attachment to the sup-
portihg structure or equipment. They include hanging
type fixtures, such as hanger rods, spring hangers, sway
braces, counterweights, turnbuckles, struts, chains,
guidgs, and anchors; and Bearing type fixtures, such as
saddles, bases, rollers, brackets, and sliding supports.

(b)| structural attaghments: structural attachments
include elements that are welded, bolted, or clamped to
the pipe, suchsas clips, lugs, rings, clamps, clevises,
strapgs, and skdrts.

piping: assemblies of piping components used to convey,
distribute, mix, separate, discharge, meter, control, or

piping systerrintercormected piping subject to the same
set or sets of design conditions.
plasma arc cutting (PAC): an arc cuttingprocesq that uses
a constricted arc and removes molten ntetal wjith a high
velocity jet of ionized gas issuing.fréom the constricting
orifice.

postweld heat treatment: see heat treatment.

preheating: the application of heat to the bas¢ material
immediately beforecor-during a forming, welding, or
cutting process. See para. 330.

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

pracess unit: an area whose boundaries are designated
by the engineering design within which reactipns, sepa-
rations, and other processes are carried out. [Examples
of installations that are not classified as proces$ units are
loading areas or terminals, bulk plants, compounding
plants, and tank farms and storage yards.

quench annealing: see solution heat treatment ynder heat
treatment.

quenching: see heat treatment.

reinforcement: see paras. 304.3 and A304.3. See| also weld
reinforcement.

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

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

safeguarding: provision of protective measufes of the
types outlined in Appendix G, where deemed hecessary.
See Appendix G for detailed discussion.

seal bond: a bond intended primarily to proyide joint

snub fluid flows. Piping also includes pipe-supporting
elements, but does not include support structures, such
as building frames, bents, foundations, or any equip-
ment excluded from this Code (see para. 300.1.3).

piping components: mechanical elements suitable for join-
ing or assembly into pressure-tight fluid-containing pip-
ing systems. Components include pipe, tubing, fittings,
flanges, gaskets, bolting, valves, and devices such as
expansion joints, flexible joints, pressure hoses, traps,
strainers, inline portions of instruments, and separators.

tightness against feakage im nonmetatlic piping.

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

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

severe cyclic conditions: conditions applying to specific
piping components or joints in which Sg computed in
accordance with para. 319.4.4 exceeds 0.85, (as defined
in para. 302.3.5), and the equivalent number of cycles
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(N in para. 302.3.5) exceeds 7000; or other conditions
that the designer determines will produce an equivalent
effect.

shall: a term that indicates a provision is a Code
requirement.

shielded metal-arc welding (SMAW): an arc welding pro-
cess that produces coalescence of metals by heating them
with an arc between a covered metal electrode and the
work. Shielding is obtained from decompasition of the

submerged arc welding (SAW): an arc welding process that
produces coalescence of metals by heating them with
an arc or arcs between a bare metal electrode or elec-
trodes and the work. The arc is shielded by a blanket
of granular, fusible material on the work. Pressure is
not used and filler metal is obtained from the electrode
and sometimes from a supplemental source (welding
rod, flux, or metal granules).

tack weld: a weld made to hold parts of a weldment in

electrode|covering. Pressure is not used and filler metal
is obtaingd from the electrode.

should: a term that indicates a provision is recommended
as good practice but is not a Code requirement.

size of weld:
(a) fillef weld: the leg lengths (the leg length for equal-

leg weldq) of the sides, adjoining the members welded,

of the largest triangle that can be inscribed within the

weld crops section. For welds between perpendicular

members| the definitions in Fig. 328.5.2A apply.

NOTE: When the angle between members exceeds 105 deg, size

is of less gignificance than effective throat (see also throat of a
fillet weld).

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

slag inclupion: nonmetallic solid material entrapped in
weld mefjal 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 njonferrous alloy fusible at temperatures.below
427°C (8(0°F) and having a melting point below”that of
the base fnetals being joined. The filler métal is distrib-
uted between closely fitted surfaces of thejoint by capil-
lary attragtion. In general, solders arelead-tin alloys and
may contpin antimony, bismuth, @hd other elements.

solution hpat treatment: see heat treatment.
stress ratip: see Fig. 323.2.2B.
stress relidf: see heat treatmient.

stress termis frequently-used:

(a) basic allowablesstress: this term, symbol S, repre-
sents the|stressivalue for any material determined by
the apprgpriaté stress basis in para. 302.3.2

proper alignment until the final welds are made.
tempering: see heat treatment.

thermoplastic: a plastic that is capable of beingrepeatedly
softened by increase of temperature and harden¢d by
decrease of temperature.

thermosetting resin: a resin capable'6f being changed into
a substantially infusible or«nsoluble product when
cured at room temperatuye, or by application of|heat,
or by chemical means.

throat of a fillet weld:
(a) theoretical thioat: the perpendicular distance|from
the hypotenuse of the largest right triangle that chn be
inscribed in.thé weld cross section to the root of thg joint
(b) actualthroat: the shortest distance from thg root
of a fillet weld to its face
(c)effective throat: the minimum distance, minus any
reinforcement (convexity), between the weld roof and
the face of a fillet weld

toe of weld: the junction between the face of a weldl and
the base material.

tube: see pipe.
tungsten electrode: a nonfiller-metal electrode used jn 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 adjacent
to the toe or root of a weld and left unfilled by|weld
material.

visual examination: see para. 344.2.1.

weld: a localized coalescence of material wherein cpales-
cence is produced either by heating to suitable temjpera-
tures, with or without the application of pressure, jor by
application of pressure alone, and with or withotit the
use of filler material.

(b) bolt dtbign stress—this—ternT TEPTESEITtS the dcbigu
stress used to determine the required cross-sectional area
of bolts in a bolted joint

(c) hydrostatic design basis: selected properties of plas-
tic piping materials to be used in accordance with
ASTM D2837 or D2992 to determine the HDS [see (d)
below] for the material

(d) hydrostatic design stress (HDS): the maximum con-
tinuous stress due to internal pressure to be used in the
design of plastic piping, determined from the hydro-
static design basis by use of a service (design) factor

(/UKL'M' conpurit. d bdlll})lﬂ WCIL‘{ ubed to dei.euuiue Weld
acceptance. Types of weld coupons are defined as
follows:

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

(b) production weld coupon: made when any of the con-
ditions in para. U341.4.5 exist and used to compare
against a corresponding primary weld coupon to dem-
onstrate continued acceptability of welds during pro-
duction welding
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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 Requirements
Bolting Materials
B Stress Tables and Allowable Pressure Tables for Nonmetals Requirements
C Physical Properties of Piping Materials Requirements (1)
D Flexibility and Stress Intensification Factors Requirements (1)
E Reference Standards Requirements
E Precautionary Cansiderations Guidance (2)
G Safeguarding Guidance (2)
H Sample Calculations for Branch Reinforcement Guidance
J 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)
N Application of ASME B31.3 Internationally Guidarnce (2)
Q Quality System Program Guidance (2)
S Piping System Stress Analysis Examples Guidance (2)
\Y Allowable Variations in Elevated Temperature Service Guidance (2)
X Metallic Bellows Expansion Joints Requirements
Z Preparation of Technical Inquiries Requirements (5)
NOTES:

alloy flanges.
(5) Contains administrative requirements.

coupon examination: see para. U344.8.1.

einforcement: weld material in excess of\the speci-

fied weld size.

welddr: one who performs a manual.orsemi-automatic

weld
used

weldi
weld|

weldi

ing operation. (This term is sometimes erroneously
to denote a welding machiné.)

1g operator: one who opetates machine or automatic
ing equipment.

hg procedure: the detailed methods and practices

involved in the production of a weldment.

weldi

g procedure specification (WPS): the document that

lists the paraméters to be used in construction of weld-
ments infageordance with requirements of this Code.

Copyright ASME International

(1) Contains default requirements, to be used unless more directly ‘applicable data are available.
(2) Contains no requirements but Code user is responsible for_considering applicable items.

(3) Contains requirements applicable only when use of Chapter IX is specified.

(4) Contains pressure-temperature ratings, materials, dimensions, and markings of forged aluminum

weldment: an assembly whose component
joined by welding.

300.3 Nomenclature

Dimensional and mathematical symbols us
Code are listed in Appendix ], with definitions
tion references to each. Uppercase and lowerca
letters are listed alphabetically, followed
letters.

300.4 Status of Appendices

Table 300.4 indicates for each Appendix of
whether it contains Code requirements, gui
supplemental information. See the first pag
Appendix for details.

parts are

ed in this
and loca-
be English
by Greek

this Code
dance, or
e of each
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Chapter Il
Design

PART 1

(b) The most severe condition is that which results

CONDITIONS AND CRITERIA
301 DESIGN CONDITIONS

Paragrdph 301 states the qualifications of the Designer,
defines the temperatures, pressures, and forces applica-
ble to theldesign of piping, and states the consideration
that shallpe given to various effects and their consequent
loadings.|See also Appendix F, para. F301.

301.1 Qpalifications of the Designer

The Designer is the person(s) in charge of the engi-
neering design of a piping system and shall be experi-
enced in|the use of this Code. The qualifications and
experiende required of the Designer will depend on the
complexity and criticality of the system and the nature
of the individual’s experience. The owner’s approval is
required |f the individual does not meet at least one of
the following criteria:

(a) Comnpletion of a degree, accredited by an indepen-
dent agency [such as ABET (U.S. and international),
NBA (India), CTI (France), and CNAP (Chile)], in engi~
neering, gcience, or technology, requiring the equivalent
of at least 4 years of full-time study that provides expo-
sure to fundamental subject matter relevant to the'design
of piping|systems, plus a minimum of 5 yedrs experience
in the degign of related pressure piping:

(b) Professional Engineering registration, recognized
by the lofal jurisdiction, and experjence in the design
of relateq pressure piping.

(c) Comnpletion of an aceredited engineering techni-
cian or associates degree,“requiring the equivalent of
at least 2| years of study,plus a minimum of 10 years
experiende in the design of related pressure piping.

(d) Fifteen yea¥s experience in the design of related
pressure piping;

sional loads, and piping flexibility.
301.2 Design Pressure

301.2.1 General

(a) The design pressure of each component in a piping
system shall be not less than the pressure at 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.

10
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in the greatest required component thickness and the
highest component rating.

(c) When more than one set of pressure~temperature
conditions exist for a piping system, thef@enditiong gov-
erning the rating of components conforming to |isted
standards may differ from the conditions governir|g the
rating of components designed ‘in accordance|with
para. 304.

(d) When a pipe is separated into individualized|pres-
sure-containing chambers-(including jacketed piping,
blanks, etc.), the partition wall shall be designed dn the
basis of the mostéevere coincident temperature (mini-
mum or maximwum) and differential pressure beffween
the adjoining ¢hambers expected during service, except
as providedyin para. 302.2.4.

301(2.2 Required Pressure Containment or Relief
(2} Provision shall be made to safely contain or r¢lieve
(s€e para. 322.6.3) any expected pressure to whidh the
piping may be subjected. Piping not protected| by a
pressure-relieving device, or that can be isolated|from
a pressure-relieving device, shall be designed for at least
the highest expected pressure.
(b) Sources of pressure to be considered include ambi-
ent influences, pressure oscillations and sufrges,
improper operation, decomposition of unstable fluids,
static head, and failure of control devices.
(c) The allowances of para. 302.2.4(f) are permiitted,
provided that the other requirements of para. 302.24 are
also met.

301.3 Design Temperature

The design temperature of each component in a pliping
system is the temperature at which, under the coindident
pressure, the greatest thickness or highest comppnent
rating is required in accordance with para. 301.2. (To
satisfy the requirements of para. 301.2, different compo-

i ipi ay—ha ifferent

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
301.34.

301.3.1 Design Minimum Temperature. The design
minimum temperature is the lowest component temper-
ature expected in service. This temperature may estab-
lish special design requirements and material

Licensee=Methanex Corp/5975064001
Not for Resale, 06/16/2015 06:19:47 MDT

(14)


https://asmenormdoc.com/api2/?name=ASME B31.3 2014.pdf

ASME B31.3-2014

qualification requirements. See also paras. 301.4.4
and 323.2.2.

301.3.2 Uninsulated Components

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

(b) For fluid temperatures 65°C (150°F) and above,

301.5 Dynamic Effects
See Appendix F, para. F301.5.

301.5.1 Impact. Impact forces caused by external
or internal conditions (including changes in flow rate,
hydraulic shock, liquid or solid slugging, flashing, and
geysering) shall be taken into account in the design of

piping.

unless a lower average wall temperature is determined
by tept or heat transfer calculation, the temperature for
uningulated components shall be no less than the follow-
ing values:

1) valves, pipe, lapped ends, welding fittings, and
othell components having wall thickness comparable to
‘that pf the pipe — 95% of the fluid temperature

g 2) flanges (except lap joint) including those on fit-
-tings|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. The component
-design temperature shall be the fluid temperature unless
‘calcullations, tests, or service experience based on mea-
surements support the use of another temperature.
Whete piping is heated or cooled by tracing or jacketing,
this dffect shall be considered in establishing component
design temperatures.

301.3.4 Internally Insulated Piping. The component
design temperature shall be based on heat transfer calcu-
lations or tests.

301.4 Ambient Effects
Seq Appendix F, para. F301.4.

301.4.1 Cooling — Effects on Pressure. The cooling
of a gas or vapor in a piping system may reduce the
presqure 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 provi-
sion phall be made totbseak the vacuum.

mum temperature of a plpmg 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 dis-
charge piping, and other components.

301.4.4 Low Ambient Temperature. Consideration
shall be given to low ambient temperature conditions
for displacement stress analysis.

301.5.2 Wind. The effect of wind loading shall be
taken into account in the design of exposed piﬁ:ing. The
analysis considerations and loads may bé\as described
in ASCE 7. Authoritative local meteorological|data may
also be used to define or refine the"design wind loads.

301.5.3 Earthquake. The effect of earthqyake load-
ing shall be taken into account)in the design pf piping.
The analysis considerations and loads may be as
described in ASCE 7. Authoritative local seismological
data may also be used’to define or refine the design
earthquake loads.

301.5.4 Vibration. Piping shall be designed,
arranged,and supported so as to eliminate [excessive
and harmful effects of vibration that may drise from
suchgsources as impact, pressure pulsation, [turbulent
flow, vortices, resonance in compressors, and [wind.

301.5.5 Discharge Reactions. Piping shall be
designed, arranged, and supported so as to yithstand
reaction forces due to let-down or discharge pf fluids.

301.6 Weight Effects

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

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 environmiental and
operating conditions shall be considered.

301.6.2 Dead Loads. These loads consjfist of the
weight of piping components, insulation, gnd other
superimposed permanent loads supportgd by the

piping.

301.7 Thermal Expansion and Contraction Effects
TS ¥ ired—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.

301.7.2 Loads Due to Temperature Gradients. These
loads arise from stresses in pipe walls resulting from

11
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large rapid temperature changes or from unequal tem-
perature distribution 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
Characteristics. These loads result from differences in
thermal expansion where materials with different ther-
mal expansion coefficients are combined, as in bimetal-
lic, lined, jacketed, or metallic-nonmetallic piping.

of this Code may be used to extend the pressure-
temperature ratings of a component beyond the ratings
contained in the listed standard.

302.2.2 Listed Components Not Having Specific
Ratings

(a) Some of the standards for fittings in Table 326.1
(e.g., ASME B16.9 and B16.11) state that pressure—
temperature ratings are based on straight seamless pipe.

301.8 Effects of Support, Anchor, and Terminal
Mpvements

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

301.9 Reéduced Ductility Effects

The haifmful effects of reduced ductility shall be taken
into accofint in the design of piping. The effects may, for
example,|result from welding, heat treatment, forming,
bending, lor low operating temperatures, including the
chilling effect of sudden loss of pressure on highly vola-
tile fluidg. Low ambient temperatures expected during
operatior] shall be considered.

301.10 (yclic Effects

Fatigue due to pressure cycling, thermal cycling, and
other cydlic loadings shall be considered in the-désign
of pipingl See Appendix F, para. F301.10.

301.11 Air Condensation Effects

At operating temperatures below ~191°C (-312°F) in
ambient gir, condensation and oxygerrenrichment occur.
These shqll be considered in selecting materials, includ-
ing insulation, and adequatesshielding and/or disposal
shall be provided.

302 DESIGN CRITERIA
302.1 G}:eral

Paragrdph 302 states pressure-temperature ratings,

stress critieria, r]pcigﬂ allowances and minimum r‘]pcigﬁ

Except as limited in the standard or elsewhere in this
Code, such fittings shall be rated as calculdte(d for
straight seamless pipe with the same allowable stfesses
as the fitting and the nominal thickness corresponding
to the wall thickness or class designatiomof the fitting,
less all applicable allowances (e.g, thread deptl) and
corrosion allowance), and considéting the manufgctur-
ing undertolerances of the fittings and the pipe.

(b) For components with:straight or spiral (helical
seam) longitudinal weldedjoints, the pressure rating as
determined for seamless pipe shall be further multjplied
by the weld joint strefgth reduction factor, W, as dgfined
in para. 302.3.5(e).

(c) Other {istéd components not address¢d in
para. 302.2.1 or 302.2.2(a) shall have their presfure—
temperafire ratings established in accordance with the
rules invpara. 304.

302.2.3 Unlisted Components. Components not
listed in Table 326.1 may be used within the follqwing
limitations:

(a) The designer shall be satisfied that composition,
mechanical properties, method of manufacture, and
design are suitable for the intended service.

(b) 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 and/or
temperature may occur in a piping system. Such varia-
tions shall be considered in selecting design prgssure
(para. 301.2) and design temperature (para. 301.3}. The
most severe coincident pressure and temperature|shall
determine the design conditions unless all of the fallow-
ing criteria are met:

(a) The piping system shall have no prespure-

containing components of gray iron or other nondpctile
metal

values together with permissible variations of these fac-
tors as applied to the design of piping.

302.2 Pressure-Temperature Design Criteria

302.2.1 Listed Components Having Established
Ratings. Except as limited elsewhere in the Code,
pressure—temperature ratings contained in standards for
piping components listed in Table 326.1 are acceptable
for design pressures and temperatures in accordance
with this Code. When the owner approves, provisions
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(b) Circumferential pressure stresses (based on mini-
mum pipe wall thickness, less allowances) shall not
exceed the yield strength at temperature (see para. 302.3
of this Code and S, data in BPV Code, Section II, Part D,
Table Y-1).

(c) Combined longitudinal stresses shall not exceed
the limits established in para. 302.3.6.

(d) The total number of pressure-temperature varia-
tions above the design conditions shall not exceed 1 000
during the life of the piping system.
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(e) In no case shall the increased pressure exceed the
test pressure used under para. 345 for the piping system.

(f) Occasional variations above design conditions
shall remain within one of the following limits for pres-
sure 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
condition by not more than

calculations unless modified by other provisions of this
Code.

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

In equations elsewhere in the Code where the product
SE appears, the value S is multiplied by one of the
following quality factors:'

(-a) 557 tor no more than 10 h at any one time
and no more than 100 h/y, or

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

The¢ effects of such variations shall be determined by

the designer to be safe over the service life of the piping
syst¢m by methods acceptable to the owner. (See
Appéndix V.)
2) When the variation is self-limiting (e.g., due to
a prepsure-relieving event), and lasts no more than 50 h
atany one time and not more than 500 h/y, it is permissi-
ble t¢ exceed the pressure rating or the allowable stress
for pfessure design at the temperature of the increased
condjtion by not more than 20%.

(¢)] The combined effects of the sustained and cyclic
variations on the serviceability of all components in the
system shall have been evaluated.

(h)| Temperature variations below the minimum tem-
perafure shown in Appendix A are not permitted unlesg
the requirements of para. 323.2.2 are met for the lowest
temperature during the variation.

(i) | The application of pressures exceeding pressure—
templerature ratings of valves may under gertain condi-
tions| cause loss of seat tightness or difficulty of opera-
tion.[The differential pressure on the valve closure
element should not exceed the miaximum differential
presgure rating established by the) valve manufacturer.
Such|applications are the owner’s responsibility.

302.2.5 Ratings at Junction of Different Services.
When two services that‘Operate at different pressure-
templerature conditiens are connected, the valve segre-
gatinig the two services shall be rated for the more severe
servife condition. Where multiple valves are used (e.g.,
in a double\block and bleed arrangement), all of the
valvgs shall be rated for the more severe service condi-
tion. [If ‘the valve(s) will operate at a different tempera-

(1) casting quatity factor E. as dgfined in
para. 302.3.3 and tabulated for various matefipl specifi-
cations in Table A-1A, and for various.Jevels ¢f supple-
mentary examination in Table 302.3,3C/or

(2) longitudinal weld joint facter E; as defined in
302.3.4 and tabulated for various-material spegifications
and classes in Table A-1B, and{ér various typds of joints
and supplementary examirations in Table 302.3.4

The stress values in-Tables A-1 and A-2 arg grouped
by materials and preduct forms, and are for stated tem-
peratures up to the limit provided in para. $23.2.1(a).
Straight line interpolation between temperatufes is per-
missible. Theytemperature intended is the design tem-
perature {see”para. 301.3).

(b) Shear and Bearing. Allowable stresses in ghear shall
be 0.80-times the basic allowable stress in tengion tabu-
latéd in Table A-1 or A-2. Allowable stress in bearing
shall be 1.60 times that value.

(c) Compression. Allowable stresses in comhpression
shall be no greater than the basic allowable gtresses in
tension as tabulated in Appendix A. Considergtion shall
be given to structural stability.

bases for
materials
materials

302.3.2 Bases for Design Stresses’ The
establishing design stress values for bolting
and allowable stress values for other metallic
in this Code are as follows:

(a) Bolting Materials. Design stress values afftempera-
ture for bolting materials shall not exceed the[lowest of
the following;:

(1) except as provided in (3) below, the| lower of
one-fourth of specified minimum tensile stfrength at
room temperature (St) and one-fourth of tensilg strength
at temperature

(2) except as provided in (3) below, the| lower of
two-thirds of specified minimum yield strength at room

1 If 2 componentis made of castingsicined by longitudinal welds,

ture 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. For
piping on either side of the valve, however, each system
shall be designed for the conditions of the service to
which it is connected.

302.3 Allowable Stresses and Other Stress Limits

302.3.1 General. The allowable stresses defined in
paras. 302.3.1(a), (b), and (c) shall be used in design

13

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
E;, Table A-1B.

2 These bases are the same as those for BPV Code, Section III,
Class 1 materials, given in Section II, Part D. Stress values in B31.3,
Appendix A, at temperatures below the creep range generally are
the same as those listed in 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 tempera-
tures in the creep range generally are the same as those in Section II,
Part D, Tables 1A and 1B, corresponding to the bases for
Section VIII, Division 1.

(14)
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temperature (Sy) and two-thirds of yield strength at
temperature

(3) at temperatures below the creep range, for bolt-
ing materials whose strength has been enhanced by heat
treatment or strain hardening, the least of one-fifth of
St, one-fourth of the tensile strength at temperature,
one-fourth of Sy, and two-thirds of the yield strength at
temperature (unless these values are lower than corres-
ponding values for annealed material, in which case the

In the application of these criteria, the yield strength
at temperature is considered to be SyRy; the tensile
strength at temperature is considered to be 1.1SrRr.

(e) Application Limits. Application of stress values
determined in accordance with para. 302.3.2(d)(3) is not
recommended for flanged joints and other components
in which slight deformation can cause leakage or mal-
function. [These values are shown in italics or boldface
in Table A-1, as explained in Note (4) to Appendix A

annealed[values shall be used)

(4) to-thirds of the yield strength at temperature
[see para 302.3.2(f)]

(56) 100% of the average stress for a creep rate of
0.01% pet 1 000 h

(6) §7% of the average stress for rupture at the end
of 100 000 h

(7) 80% of minimum stress for rupture at the end
of 100 000 h

(b) Grdy Iron. Basic allowable stress values at temper-
ature for|gray iron shall not exceed the lower of the
following:

(1) gne-tenth of the specified minimum tensile
strength at room temperature

(2) dne-tenth of the tensile strength at temperature
[see paraf 302.3.2(f)]

(c) MalleableIron. Basicallowable stress values at tem-
perature [for malleable iron shall not exceed the lower
of the following;:

(1) ¢ne-fifth of the specified minimum tensilée
strength at room temperature

(2) dne-fifth of the tensile strength at temperature
[see paral 302.3.2(f)]

(d) OtHer Materials. Basic allowable stress values at
temperatfire for materials other than Holting materials,
gray iron) and malleable iron shall not eéxceed the lowest
of the following;:

(1) the lower of one-third\of St and one-third of
tensile stfength at temperattire

(2) except as provided in (3) below, the lower of
two-thirdls of Sy and two-thirds of yield strength at
temperatfire

(3) fpr austenific stainless steels and nickel alloys
having similar-stress—strain behavior, the lower of two-
thirds of [Sy(and 90% of yield strength at temperature

Tables.] Instead, either 75% of the stress valpie in
Table A-1 or two-thirds of the yield strength at'temjpera-
ture listed in the BPV Code, Section II, Part\D, Table Y-1
should be used.

(f) Unlisted Materials. For a materiahthat conforms to
para. 323.1.2, the tensile (yield) strength at temperature
shall be derived by multiplyirlg the average exppcted
tensile (yield) strength at temperature by the ratio of
St (Sy) divided by the average expected tensile (yield)
strength at room temperature.

302.3.3 Casting Quality Factor, E.

(a) General/The casting quality factors, E. ddfined
herein shall\be used for cast components not having
pressure&temperature ratings established by stanglards
in Table’326.1.

(b)Basic Quality Factors. Castings of gray and mpllea-
bleiron, conforming to listed specifications, are assjgned
a basic casting quality factor, E., of 1.00 (due to|their
conservative allowable stress basis). For most otheq met-
als, static castings that conform to the material spedifica-
tion and have been visually examined as requir¢d 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 factor, E,, of 0.80. Centrifugal cagtings
that meet specification requirements only for chemical
analysis, tensile, hydrostatic, and flattening tests, and
visual examination are assigned a basic casting quality
factor of 0.80. Basic casting quality factors are tabijlated
for listed specifications 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 stat¢s the
increased casting quality factors, E., that may be us¢d for
htion.

various combinations of anp]nmnnfgry examin

[see (e) below]

(4) 100% of the average stress for a creep rate of
0.01% per 1000 h

(56) 67% of the average stress for rupture at the end
of 100 000 h

(6) 80% of the minimum stress for rupture at the
end of 100 000 h

(7) for structural grade materials, the basic allow-
able stress shall be 0.92 times the lowest value deter-
mined in paras. 302.3.2(d)(1) through (6)
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Table 302.3.3D states the acceptance criteria for the
examination methods 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)(a) and (2)(b), or (3)(a) and (3)(b). In no case shall the
quality factor exceed 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.

Licensee=Methanex Corp/5975064001
Not for Resale, 06/16/2015 06:19:47 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2014.pdf

ASME B31.3-2014

Table 302.3.3C Increased Casting
Quality Factors, E,

Table 302.3.3D Acceptance Levels for Castings

Acceptance Acceptable
Supplementary Examination Factor, Material Examined Applicable Level Disconti-
in Accordance With Note(s) E, Thickness, T Standard (or Class) nuities
6)) 0.85 Steel ASTM E446 1 Types A, B, C
(@@ or (b) 0.85 T<25mm
(3)(@) or 3)(b) 0.95 (1in)
(1) and (2)(a) or (2)(b) 0.90
(1) and (3)@) or (3)(b) 1.00 St?—el N ASTM E446 2 Types A, B, C
(2@ fr @)®) and B)(@) or B)(b) 1.00 <51 mm
GENERAL NOTE: Titles of standards referenced in this Table’s Notes @ in.)
are ag| follows: Steel ASTM E186 2 Categorips A, B, C
ASME B46.1 Surface Texture (Surface Roughness, Waviness T>51 mm,
and Lay) <114 mm
ASTM E94 Guide for Radiographic Examination 4% in)
ASTM E114  Practice for Ultrasonic Pulse-Echo Straight-Beam .
Contact Testing Steel ASTM E280 2 Categorips A, B, C
ASTM E125  Reference Photographs for Magnetic Particle T>114 mm,
Indications on Ferrous Castings < 305 mm
ASTM E165  Practice for Liquid Penetrant Examination for (12in)
General Industry Aluminum & ASTM E155 Shown ih reference
ASTM E709  Guide for Magnetic Particle Testing magnesium radiodraphs
MS$ SP-53  Quality Standard for Steel Castings and Forgings
for Valves, Flanges and Fittings and Other Piping Copper, Ni<Cu ASTM E272 2 Codes Al Ba, Bb
Components — Magnetic Particle Examination Bronze ASTM E310 2 Codes Aland B
Method
MS$ SP-93  Quality Standard for Steel Castings and Forgings GENERAL NOTE: Titles of ASTM standards referenced ip this Table
for Valves, Flanges, Fittings, and Other Piping are as follows:
Components — Liquid Penetrant Examination E155 Reference Radiographs for Inspection of Alumjnum and
Method Magnesium Castings
NOTEY: E186 Reference Radiographs for Heavy-Walled (2 to J4-Ys-in. [51

(1) Mhchine all surfaces to a finish of 6.3 pm R, (250 win.sRuin
adcordance with ASME B46.1), thus increasing the efféctive-
ngss of surface examination.

(@) Examine all surfaces of each casting (ferfomagnetic mate-

rigl only) by the magnetic particle method_ in*accordance with

A$TM E709. Judge acceptability in accordance with MSS SP-53,

Taple 1.

(b) Examine all surfaces of each(casting by the liquid pene-

trgnt method, in accordance with"ASTM E165. Judge acceptabil-

ity in accordance with SP-93¢Table 1.

(@) Fully examine each«asting ultrasonically in accordance

with ASTM E114, accepting'a casting only if there is no evi-

dgnce of depth of défects in excess of 5% of wall thickness.

(b) Fully radiograph each casting in accordance with

A4TM E94. Judgenin accordance with the stated acceptance lev-

@

©)

to 114-mm)]) Steel Castings
Reference Radiographs for High-Strength Coppler-Base
and Nickel-Copper Castings
Reference Radiographs for Heavy-Walled (4-Y
[114 to 305-mm]) Steel Castings
Reference Radiographs for Tin Bronze Casting
Reference Radiographs for Steel Castings Up tp 2 in.
(51 mm) in Thickness

E272

E280 to 12-in.

E310
E446

302.3.5 Limits of Calculated Stresses Due to
Sustained Loads and Displacement Strains
(a) Internal Pressure Stresses. Stresses due tp internal
pressure shall be considered safe when the wall thick-

elp in Table$302.3.3D. ness of the piping component, including any freinforce-
ment, meets the requirements of para. 304.

(b) External Pressure Stresses. Stresses due tp external

30234 Wetdjoint-Quatity Factor, f—————————pressure—shatt-beconsidered-safe-whenthe-wall thick-

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

(b) Increased Quality Factors. Table 302.3.4 also indi-
cates higher joint quality factors that may be substituted
for those in Table A-1B for certain kinds of welds if
additional examination is performed beyond that
required by the product specification.

15

ness of the piping component, and its means of stiffen-
ing, meet the requirements of para. 304.

(c) Stresses Due to Sustained Loads, S;. The sum of the
longitudinal stresses due to sustained loads, S;, e.g.,
the pressure and weight in any component in a piping
system (see para. 320), shall not exceed S, where S, is
taken from Table A-1 at the metal temperature of the
operating condition being considered.

(d) Allowable Displacement Stress Range, S4. The com-
puted displacement stress range, Sg, in a piping system

(14)
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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 0.60
continuous weld Q listed specification [Note (1)]
2 Electric resistance Straight or As required by 0.85
weld Q spiral listed specification [Note (1)]
(helical seam)
3 Ftectricfusiomrwetd
(@) Single butt weld Straight or As required by .80
spiral listed specification
(helical seam) or this Code
(with or without filler Additienally spot .90
metal) radiographed in
accordance with
para. 341.5.1
Additionally 100% 1.00
radiographed in
accordance with
para. 344.5.1 and
Table 341.3.2
(b) Double butt weld Straight or spiral As required by .85
(helical seam) listed specification
[except as or this Code
provided in 4
below]
(with or without filler Additionally spot Q.90
metal) radiographed in
accordance with
para. 341.5.1
Additionally 100% 1.00
radiographed in
accordance with
para. 344.5.1 and
Table 341.3.2
4 Specific spécification
API &L Submerged arc weld (SAW) Straight with As required by .95
one or two specification
Gas metal arc weld (GMAW) seams
Additionally 100% 1.00
Combined GMAW, SAW Spiral (helical seam) radiographed in
accordance with
@ para. 344.5.1 and
Table 341.3.2
NOTE:

(1) It is not permitted to increase the joint quality factor by additional examination for joint 1 or 2.
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Fig. 302.3.5 Stress Range Factor, f

103 104 10°

N (cycles)

108 107 108 109

All other materials

----- Ferrous materials, specified minimum tensile'strength =517 MPa (75 ksi),
and at design metal temperatures =371C (700°F)

(see para. 319.4.4) shall not exceed the allowable dis:
placément stress range, S, (see paras. 319.2.3.and
319.314), calculated by eq. (1a)

S4 = f(1.25S, + 0.255;) (1a)

WHen S, is greater than S;, the difference between
them| may be added to the term 0:255; in eq. (la). In
that rase, the allowable stress fange is calculated by

eq. (1b)
Sa = f[125(S: + Sp) - S, ] (1b)

For ggs. (1a) and (1b)
= stress rafge factor,? calculated by eq. (1c)*

fiSeé Fig. 302.3.5) = 6.0(N) "<, (10)

fm |Fomiaximum value of stress range factor; 1.2 for

N = equivalent number of full displacement cycles
during the expected service life of the piping
system®

S. = basic allowable stress® at minimum npetal tem-

perature expected during the displlacement
cycle under analysis
= 138 MPa (20 ksi) maximum
S, = basic allowable stress® at maximum npetal tem-
perature expected during the displlacement

cycle under analysis
= 138 MPa (20 ksi) maximum
S, = stress due to sustained loads; in systejns where
supports may be active in some cond{tions and
inactive in others, the maximum valfie of sus-
tained stress, considering all suppqrt condi-
tions, shall be used

When the computed stress range varies, whqther from

thermal nvpancinn or other nnnHiHnnc, QL is defined as

ferrous Tmateriats withrspecified i ter=
sile strengths < 517 MPa (75 ksi) and at metal
temperatures < 371°C (700°F); otherwise f,, =
1.0

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

4 The minimum value for fis 0.15, which results in an allowable
displacement stress range, S4, for an indefinitely large number
of cycles.

the greatest computed displacement stress range. The
value of N in such cases can be calculated by eq. (1d)

N =Ng+20N)fori =1,2,...,n (1d)

> The designer is cautioned that the fatigue life of materials oper-
ated 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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where and welding process under equivalent, or more severe,
Ng = number of cycles of maximum computed dis-  sustained operating conditions.
placement stress rangg, Se o 302.3.6 Limits of Calculated Stresses Due to (14)
N; = number of cycles associated with displacement  gccasional Loads
stress range, S; (a) Operation. The sum of the longitudinal stresses,
i = Si/Sg 51, due to sustained loads, such as pressure and weight,
Si = any computed displacement stress range  and of the stresses produced by occasional loads, such
smaller than Sg as wind or earthquake, may be as much as 1.33 times
the basic allowable stress given in Appendix A. Wind
(e) Welld Joint Strength Reduction Factor, W. At elevated and earthquake forces need not be considered as 4cting

temperatjires, the long-term strength of weld joints may
be lower [than the long-term strength of the base mate-
rial. For [longitudinal or spiral (helical seam) welded
piping cdmponents, the product of the allowable stress
and the applicable weld quality factor, SE, shall be

concurrently. When detailed analysis is performed, the
stresses shall be computed and combinéd jusing eqs.
(23a) through (23d) with the applicabléyloads fqr the
condition being evaluated.

For Elevated Temperature FluidService (see definition

multiplied by th? Weld joint str.ength reducjcion factor, i para. 300.2), as an alternativé,to'the use of 1.33 fimes
W, when determ1n}ng the required .wall thickness for  the pasic allowable stress pfovided in Table A-], the
internal pressure in accordance with para. 304. The  41gwable stress for occasional loads of short durption,

designer |is responsible for the application of weld joint
strength geduction factors to welds other than longitudi-
nal and spiral (helical seam) (e.g., circumferential). The
weld joint strength reduction factor, W, is equal to 1.0
when evaluating occasional loads such as wind and
earthquake, or when evaluating permissible variations
in accordance with para. 302.2.4. The pressure rating
or allowdble stress for the occasional load or variation
condition] is not required to be reduced by the weld joint
strength feduction factor. It is also not required when
calculatirjg the allowable stress range for displacement
stresses, 5,4, in para. 302.3.5(d). The weld joint strength
reduction] factor only applies at weld locations. The weld
joint strength reduction factor is the ratio of thenominal
stress to [cause failure of the weld joint to that of the
base mat¢rial for the same duration. Exceptas provided
in (f) belgw, the weld joint strength reduction factor, W,
shall be ih accordance with Table 302.3:5.

(f) Unlisted Weld Strength Reduction Factors. A weld
strength|reduction factor other than that listed in
Table 302|3.5 may be used inlactordance with one of the
following criteria:

(1) (reep test dataymay be used to determine the
weld joint strengthreduction factor, W. However, the
use of crefep test data to increase the factor W above that
shown iny Taple:302.3.5 is not permitted for the CrMo
and Credp:Stréngth Enhanced Ferritic (CSEF) steels
materialst i i 3-5- ;
weld joints to determine weld joint strength reduction
factors, when permitted, should be full thickness cross-
weld specimens with test durations of at least 1 000 h.
Full thickness tests shall be used unless the designer
otherwise considers effects such as stress redistribution
across the weld.

(2) With the owner’s approval, extensive successful
experience may be used to justify the factor W above
that shown in Table 302.3.5. Successful experience must
include same or like material, weld metal composition,

18

such as surge, extreme ‘wind, or earthquake, myy be
taken as the strength(reéduction factor times 90% ¢f the
yield strength at femperature for materials other| than
those with nondugtile behavior. This yield strength shall
be as listed in the BPV Code, Section II, Part D, Tablp Y-1,
or determined in accordance with para. 302.3.2(f). The
strength reduction factor represents the reductipn in
yield(strength with long-term exposure of the material
toelevated temperatures and, in the absence of jmore
applicable data, shall be taken as 1.0 for austenitic ptain-
less steel and 0.8 for other materials.

For castings, the basic allowable stress shqll be
multiplied by the casting quality factor, E.. Whete the
allowable stress value exceeds two-thirds of yield
strength at temperature, the allowable stress valuelmust
be reduced as specified in para. 302.3.2(e).

(b) Test. Stresses due to test conditions are not sfibject
to the limitations in para. 302.3. It is not necessqry to
consider other occasional loads, such as wind and ¢arth-
quake, as occurring concurrently with test loads.

302.4 Allowances

In determining the minimum required thickngss of
a piping component, allowances shall be includgd for
corrosion, erosion, and thread depth or groove depth.
See definition for c in para. 304.1.1(b).

h

(a) Designs shall be checked for adequacy of mechani-
cal strength under applicable loadings. When necessary,
the wall thickness shall be increased to prevent over-
stress, damage, collapse, or buckling due to superim-
posed loads from supports, ice formation, backfill,
transportation, handling, or other loads enumerated in
para. 301.

(b) Where increasing the thickness would excessively
increase local stresses or the risk of brittle fracture, or
is otherwise impracticable, the impact of applied loads
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Table 302.3.5 Weld Joint Strength Reduction Factor, W

Component Temperature, T, °C (°F)

427 454 482 510 538 566 593 621 649 677 704 732 760 788 816
Steel Group (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)
CrMo 1 095 091 0.86 0.82 0.77 0.73 0.68 0.64
[Notes (1)-(3)]
CSEF (N +T) 1 0.95 091 0.86 0.82 0.77
[Notes (3)-(5)]
CSEF 1 0.5 0.5 0.5 0.5 0.5 0.5
[Nofes (3) and (4)]
(Subcritical PWHT)
Autogénous welds in aus- 1 1 1 1 1 1 1 1 1 1 1 1
tenific stainless grade
3xx{ and NO88xx and
NOg6xx nickel alloys
[Nofe (6)]
Austenitic stainless grade 1 0.95 091 0.86 0.82 0.77 0.73 0.68 "0.64 0.59 0.55 0.5
3xx|and N088xx nickel
alloys [Notes (7) and
(8)]

Other |materials [Note (9)]

GENERAL NOTES:

(@) WEld joint strength reduction factors at temperatures above the upper temperatureNimit listed in Appendix A for the base nfetal or out-
sigle of the applicable range in Table 302.3.5 are the responsibility of the designer. At temperatures below those where weld joint
stfength reduction factors are tabulated, a value of 1.0 shall be used for the\factor W where required; however, the additiorjal rules of
thfs Table and Notes do not apply.

(b) T = temperature 25°C (50°F) below the temperature identifying the.staft’ of time-dependent properties listed under
"NOTES — TIME-DEPENDENT PROPERTIES" (Txx) in the Notes to Tables“LA and 1B of the BPV Code Section I, Part D for the base metals
jolned by welding. For materials not listed in the BPV Code Section®ll, Part D, T, shall be the temperature where the creep rate or
stfess rupture criteria in paras. 302.3.2(d)(4), (5), and (6) governs the basic allowable stress value of the metals joined by welding.
When the base metals differ, the lower value of T, shall be tsed for the weld joint.

(c) T;|= temperature, °C (°F), of the component for the coincident operating pressure—temperature condition, /, under consideration.

(d) CAUTIONARY NOTE: There are many factors that may affect the life of a welded joint at elevated temperature and all of thos¢ factors
cannot be addressed in a table of weld strength reduction factors. For example, fabrication issues such as the deviation frofn a true cir-
cylar form in pipe (e.g., "peaking" at longitudinal)weld seams) or offset at the weld joint can cause an increase in stress that may
repult in reduced service life and control of these deviations is recommended.

(e) THe weld joint strength reduction factor, 4\ may be determined using linear interpolation for intermediate temperature valuds.

NOTES

(1) THe Cr-Mo Steels include: Y Cr-YMo, 1Cr-%4Mo, 1Y,Cr-Y,Mo-Si, 2Y,Cr-1Mo, 3Cr-1Mo, 5Cr-Y,Mo, 9Cr—1Mo. Longitudinal and spiral
(hklical seam) welds shall be_normalized, normalized and tempered, or subjected to proper subcritical postweld heat treatnfent (PWHT)
fof the alloy. Required examination is in accordance with para. 341.4.4 or 305.2.4.

(2) Langitudinal and spiral (Helical seam) seam fusion welded construction is not permitted for C~;Mo steel above 850°F.

(3) THe required carbon content of the weld filler metal shall be >0.05 C wt. %. See para. 341.4.4(b) for examination requiremgnts. Basic-
ity index of SAW flux=T.0.

(4) THe CSEF (Creep\Strength Enhanced Ferritic) steels include grades 91, 92, 911, 122, and 23.

(5) N} T = Nopmalizing + Tempering PWHT.

(6) Adtogengus\wélds without filler metal in austenitic stainless steel (grade 3xx) and austenitic nickel alloys UNS Nos. NO66xx|and
N@88xxX..Avsolution anneal after welding is required for use of the factors in the Table. See para. 341.4.3(b) for examination
refuiredients.

(7) Al culaﬁvcly, thre pavivaviviv) hr-Stress Ruptulc Factors—tisted—rASMESection “i, Biviston 15 Strysection NH, Fabtest++410-Ax y B-XX,

and Cxx may be used as the weld joint strength reduction factor for the materials and welding consumables specified.

®

Certain heats of the austenitic stainless steels, particularly for those grades whose creep strength is enhanced by the precipitation of

temper-resistant carbides and carbonitrides, can suffer from an embrittlement condition in the weld heat affected zone that can lead to
premature failure of welded components operating at elevated temperatures. A solution annealing heat treatment of the weld area miti-
gates this susceptibility.

)]

For carbon steel, W = 1.0 for all temperatures. For materials other than carbon steel, CrMo, CSEF, and the austenitic alloys listed in

Table 302.3.5, W shall be as follows: For T; < T,,, W = 1.0. For T, < T; < 1,500°F, W = 1 - 0.000909(T; - T.,). If T; exceeds the upper
temperature for which an allowable stress value is listed in Appendix A for the base metal, the value for W is the responsibility of the
designer.
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may be mitigated through additional supports, braces,
or other means without requiring an increased wall
thickness. Particular consideration should be given to
the mechanical strength of small pipe connections to
piping or equipment.

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

pressure design thickness, as calculated in
accordance with para. 304.1.2 for internal pres-
sure or as determined in accordance with
para. 304.1.3 for external pressure

minimum required thickness, including
mechanical, corrosion, and erosion allowances
weld joint strength reduction factor in accor-
dance with para. 302.3.5(e)

coefficient from Table 304.1.1, valid for t <D /6

tﬂl

303 GHENERAL

Compopents manufactured in accordance with stan-
dards listed in Table 326.1 shall be considered suitable
for use af pressure-temperature ratings in accordance
with parg. 302.2.1 or para. 302.2.2, as applicable. The
rules in para. 304 are intended for pressure design of
componehts not covered in Table 326.1, but may be used
for a spefial or more-rigorous design of such compo-
nents, or o satisfy requirements of para. 302.2.2. Designs
shall be ¢hecked for adequacy of mechanical strength
as descrilped in para. 302.5.

304 PI]ESSURE DESIGN OF COMPONENTS
304.1 S

304.1]1 General
(a) Th¢ required thickness of straight sections of pipe
shall be determined in accordance with eq. (2)

raight Pipe

ty =t+c¢ 2
The mihimum thickness, T, for the pipe seleeted; con-
sidering 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:
¢ = gum of the mechanical allowances (thread or
groove depth) plus. corrosion and erosion
dllowances. For threaded components, the
mominal thread\depth (dimension h of
ASME B1.20{d\0r equivalent) shall apply. For
machined surfaces or grooves where the toler-
gnce 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.

by

standards or specifications or as measured
inside diameter of pipe. For pressure design
calculation, the inside diameter of the pipe is
the maximum value allowable under the pur-
chase specification.

quality factor from Table A-1A or A-1B
internal design gage pressure

stress value for material from Table A-1

pipe wall thickness (measured or minimum in

accordance with the purchase specification)

N »n g m
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dild 10 ITlalcTidls SITOWIL 1TIC Vdluc O I may
be interpolated for intermediate temperafures.
Fort>D/6,

d+ 2c

Y:D+d+25

304.1.2 Straight Pipe Under Internal Pressure
(a) For t <D/6, the internal pressure design thickness
for straight pipe shall be notiless than that calclated
in accordance with either eq. (3a) or eq. (3b)

PD
P SGEW + PY) (3a)
L P(d + 2¢) (3b)

2[SEW - P(1 - Y)]

(b) For t 2 D/6 or for P/SE > 0.385, calculatipn of
pressure design thickness for straight pipe require$ spe-
cial consideration of factors such as theory of fdilure,
éffects of fatigue, and thermal stress.

304.1.3 Straight Pipe Under External Pressurd. To
determine wall thickness and stiffening requirements
for straight pipe under external pressure, the procgdure
outlined in the BPV Code, Section VIII, Division 1, UG-28
through UG-30 shall be followed, using as the design
length, L, the running centerline length between any
two sections stiffened in accordance with UG-29. As an
exception, for pipe with D,/t < 10, the value of S|to be
used in determining P, shall be the lesser of the fgllow-
ing values for pipe material at design temperatuze:

(a) 1.5 times the stress value from Table A-1 of this
Code, or
(b) 0.9 times the yield strength tabulated in Sectjon II,
Part D, Table Y-1 for materials listed therein

(The symbol D, in Section VIII is equivalent to D if this
Code.)

304.2.1 Pipe Bends. The minimum required thick-
ness, t,,, of a bend, after bending, in its finished form,
shall be determined in accordance with egs. (2) and (3¢)

PD
b= S[SEW/) + PY] (3c)
where at the intrados (inside bend radius)
_ 4(Ry/D) -1
I'=3//D)=2 (3d)
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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_MNos_NQ&617
N0g8800, N08810,
and|N08825
Gray ifon 0.0
Other|ductile metals 0.4 0.4 0.4 0.4 0.4 0.4 0% 0.4

Fig. 304.2.1 Nomenclature for Pipe Bends

R

Intrados —,—\

AN

Extrados

and gt the extrados (outside bend radius)

[~ MR/D)+1

=~ UR,/D) + 2 (3¢)

and pt the sidewall on the bend genterline radius, | D
I = 1.0, and where
R; |= bend radius of welding elbow or pipe bend

Thickness variations from.the intrados to the extrados
and glong the length ofithe bend shall be gradual. The
thickhess requirements apply at the mid-span of the

Fig. 304.2.3 Nomenclature for Miter Bends

Y

egs. (4a) and (4b). These equations are not gpplicable
when 6 exceeds 22.5 deg.

bend| v/2, at the ihtrados, extrados, and bend centerline P = SEW(T - ¢)/ T-c (4a)

radiys. The minimum thickness at the end tangents shall " ) k(T —¢) + 0.643 tand. /(T :)

not he lesshan the requirements of para. 304.1 for

straight pipe*(see Fig. 304.2.1). b= SEW(T —c)[ Ri -1, ) (4b)
304.2.2 Elbows. Manufactured elbows not in accor- . \Ri-05n

dance with para. 303 shall be qualified as required by
para. 304.7.2 or designed in accordance with
para. 304.2.1, except as provided in para. 328.4.2(b)(6).

304.2.3 Miter Bends. An angular offset of 3 deg or
less (angle « in Fig. 304.2.3) does not require design
consideration as a miter bend. Acceptable methods for
pressure design of multiple and single miter bends are
given in (a) and (b) below.

(a) Multiple Miter Bends. The maximum allowable
internal pressure shall be the lesser value calculated from

21

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

_ SEW(T - ¢/ T-c¢

P,, 4
fa \(T —¢) + 1.25 tanf./r,(T - c)) 9

(14)
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(c) The miter pipe wall thickness, T, used in egs. (4a),
(4b), and (4c) shall extend a distance not less than M
from the inside crotch of the end miter welds where

M = the larger of 2.5(r,T)%5 or tan 6 (Ry — 5)

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

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

connections made in accordance with the following
methods:

(1) fittings (tees, extruded outlets, branch outlet fit-
tings in accordance with MSS SP-97, laterals, crosses)

(2) unlisted cast or forged branch connection fit-
tings (see para. 300.2), and couplings not over DN 80
(NPS 3), attached to the run pipe by welding

(3) welding the branch pipe directly to the run pipe,
with or without added reinforcement, as covered in

C = pameas dcﬂucd T parda. 30411 para_ I220.0.4
E = pame as defined in para. 304.1.1 (b) The rules in paras. 304.3.2 through 304.3.4 are min-
P, = maximum allowable internal pressure for  imum requirements, valid only for branch.eonneqtions
miter bends in which (using the nomenclature of Fig. 304.3.3)
R, = pffective radius of miter bend, defined as the (1) the run pipe diameter-to-thickness ratio (I;,/T})

shortest distance from the pipe centerline to
the intersection of the planes of adjacent
miter joints

= mean radius of pipe using nominal wall T
same as defined in para. 304.1.1

= Imiter pipe wall thickness (measured or mini-
mum in accordance with the purchase
specification)

W = pame as defined in para. 304.1.1

a = pngle of change in direction at miter joint

D o

0 = pngle of miter cut

~ w»n S
Il

For corhpliance with this Code, the value of R; shall
be not legs than that given by eq. (5)

_ A D
1" tan 6" 2

o)

where A jhas the following empirical values:
(1) Hor SI metric units

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

(2) Hor U.S. Customary units

(T =0)n. A
<05 1.0
05.<(T - ¢) <0.88 2(T - ¢)
>0.88 [2(T - c¢)3]+1.17

is less than 100 and the branch-tg-run diameter|ratio

(Dy/Dy,) is not greater than 1.0

(2) for run pipe with D;,/T;2100, the branch d{ame-

ter, Dy, is less than one-half the run diameter, D,
(3) angle B is at least-45 deg

(4) the axis of the branch intersects the axis of

the run

(c) Where thé provisions of (a) and (b) above ate not

met, pressure‘design shall be qualified as requir¢d by

para. 304.7:2.

(d) Other design considerations relating to btanch

conpections are stated in para. 304.3.5.

304.3.2 Strength of Branch Connections. A| pipe
having a branch connection is weakened by the opgning
that must be made in it and, unless the wall thickness
of the pipe is sufficiently in excess of that required to
sustain the pressure, it is necessary to provide added
reinforcement. The amount of reinforcement requifed to
sustain the pressure shall be determined in accordlance
with para. 304.3.3 or 304.3.4. There are, however, c¢rtain
branch connections that have adequate pregsure
strength or reinforcement as constructed. It may be
assumed without calculation that a branch conngction
has adequate strength to sustain the internal and ¢xter-
nal pressure that will be applied to it if

(a) thebranch connection is made with a listed byanch
type fitting such as an ASME B16.9 or ASME B16.11 tee,
or MSS SP-97 branch connection fitting. See para{ 303.

(b) the branch connection is made by welding a |isted
threaded or socket welding coupling or listed half cou-
pling directly to the run in accordance with para. 328.5.4,

304.2.4 Curved and Mitered Segments of Pipe Under
External Pressure. The wall thickness of curved and
mitered segments of pipe subjected to external pressure
may be determined 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 to branch
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provided-the size of the brarchrdoes ot exceed PN 50
(NPS 2) nor one-fourth the nominal size of the run. The
minimum 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 minimum
outside diameter) shall be not less than that of the
unthreaded branch pipe. In no case shall a coupling
or half coupling have a rating less than Class 2000 in
accordance with ASME B16.11.

(c) the branch connection utilizes an unlisted branch
connection fitting (see para. 300.2), provided the fitting
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is made from materials listed in Table A-1 and provided
that the branch connection is qualified as required by
para. 304.7.2.

304.3.3 Reinforcement of Welded Branch
Connections. Added reinforcement is required to meet
the criteria in paras. 304.3.3(b) and (c) when it is not
inherent in the components of the branch connection.
Sample problems illustrating the calculations for branch

the calculation. The product SEW of the branch
shall be used in calculating t.
smaller angle between axes of branch and run

B

(b) Required Reinforcement Area. The reinforcement
area, Ay, required for a branch connection under internal
pressure is

Ay = bd; (2 - sin B) (6)

reinforcement are shown in Appendix H
(a)| Nomenclature. The nomenclature below is used in  For a branch connection under external presgure, area
the pressure design of branch connections. It is illus- 41 is one-half the area calculated by eq-(6), ysing as £,
tratedl in Fig. 304.3.3, which does not indicate details for the thickness required for external pressure.
consfruction or welding. Some of the terms defined in (c) Awailable Area. The area available for feinforce-
Appéndix J are subject to further definitions or varia-  ment is defined as
tions| as follows:
b|= subscript referring to branch A+ Ayt A2 (6a)
d;|= effective lenéfth remov.ed from pipe at branch. These areas are all within the reinforcement |zone and
For l.)rar}ch 1nt.ers.ect10ns where th.e bFarTch are further defined Below.
opening is a projection of the branch pipe inside (1) Area A, is'the area resulting from exdess thick-
diameter (e.g., pipe-to-pipe fabricated branch), ness in the ruf. pi 1
- pipe wa
dy = [Dy - 2(Ty - ¢)]/sin B
dy|= “half width” of reinforcement zone Ay = (2dy — dy) (T - t, - ©) @)
= dyor (T, — ¢) + (T, — ¢) + d1/2, whichever is
greater, but in any case not more than D, (2)’ Area Aj is the area resulting from exdess thick-
h|= subscript referring to run or header nessin the branch pipe wall
Ly|= height of reinforcement zone outside of run )
. Ay = 2L4(T, - t, — ¢)/sin B 8)
pipe
= 25(Ti - C.) or 2j5(Tb —9+ T, Whlcheve.r s ley? If the allowable stress for the branch pipe wall is less
Ty |= branch pipe thickness (measured or minifoum  {hap that for the run pipe, its calculated areq must be
in accordance with the purchase specification)  requced in the ratio of allowable stress valdes of the
except for branch connection fittings (see  pranch to the run in determining its contrifutions to
para. 300.2). For such connections-the value of area As.
Ty for use in calculating Ly, Wy, and Aj; is the (3) Area A, is the area of other metal pr¢vided by
thickness of the reinforcing barrel (minimum o145 and properly attached reinforcemlnt. [See
per purchase spgc1f1cat10n), provu‘tled that the para. 304.3.3(f).] Weld areas shall be based on|the mini-
barrel thickness is uniform (see Fig. K328.5.4)  mym dimensions specified in para. 328.5.4, ekcept that
and extends at (east to the Ly limit (see  Jarger dimensions may be used if the welder|{has been
Fig. 304.3.3). specifically instructed to make the welds|to those
T, |[= minimum thickness of reinforcing ring or sad- dimensions.
dle made-from pipe (use nominal thickness if (d) Reinforcement Zone. The reinforcement [zone is a
made from plate) parallelogram whose length extends a distarjce, d,, on
= 0, if‘there is no reinforcing ring or saddle each side of the centerline of the branch pipe and whose
t|= pressure design thickness of pipe, according  width starts at the inside surface of the run pjipe (in its
to” the appropriate wall thickness equation or  corroded condition) and extends beyond the outside
PLULCduLC T para—3t4-—For wetdredt Piyc, surface of the o pipea pupcudigulm distance, Ly.

when the branch does not intersect the longitu-
dinal weld of the run, the basic allowable stress,
S, for the pipe may be used in determining
t, for the purpose of reinforcement calculation
only. When the branch does intersect the longi-
tudinal weld of the run, the product SEW (of
the stress value, S; the appropriate weld joint
quality factor, Ej, from Table A-1B; and the weld
joint strength reduction factor, W; see
para. 302.3.5) for the run pipe shall be used in

23

(e) Multiple Branches. When two or more branch con-
nections 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 area of reinforcement between any two openings
shall be not less than 50% of the total that both require.
Each opening shall have adequate reinforcement in
accordance with paras. 304.3.3(b) and (c). No part of the
metal cross section may apply to more than one opening
or be evaluated more than once in any combined area.
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(Consult PFI Standard ES-7 for detailed recommenda-
tions on spacing of welded nozzles.)
(f) Added Reinforcement

(1) Reinforcement added in the form of a ring or
saddle as part of area A, shall be of reasonably constant
width.

(2) Material used for reinforcement may differ from
that of the run pipe provided it is compatible with run
and branch pipes with respect to weldability, heat treat-

(d) Limitations on Radius r,. The external contour
radius, r,, is subject to the following limitations:
(1) minimum r, — the lesser of 0.05D; or 38 mm
(1.50 in.)
(2) maximum 7, shall not exceed
(a) for D, < DN 200 (NPS 8), 32 mm (1.25 in.)
(b) for D, = DN 200, 0.1D;, + 13 mm (0.50 in.)
(3) for an external contour with multiple radii, the
requirements of (1) and (2) above apply, considering the

mentff requirements, galvanic corrosion, thermal expan-
sion, |etc.

3) If the allowable stress for the reinforcement
mateyial is less than that for the run pipe, its calculated
area must be reduced in the ratio of allowable stress
valugs in determining its contribution to area A,.

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

304.3.4 Reinforcement of Extruded Outlet Headers

(a)] The principles of reinforcement stated in para.
304.3.3 are essentially applicable to extruded outlet
headprs. 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
abovg the surface of the header a distance h, at least
equal to the external radius of the outlet r, (i.e., i, > 1).

(b)| The rules in para. 304.3.4 are minimum require-
mentp, valid only within the limits of geometry shown
in Fig. 304.3.4, and only where the axis of the autlet
intergects and is perpendicular to the axis of thetheader.
Whete these requirements are not met, or whére-honinte-
gral material such as a ring, pad, or saddle has been
addefd to the outlet, pressure design shall be qualified
as refjuired by para. 304.7.2.

(c)| Nomenclature. The nomenclature used herein is
illusrated in Fig. 304.3.4. Note the use of subscript x
signifying extruded. Refer topara. 304.3.3(a) for nomen-
clatupe not listed here.

best-fit radius over a 45 deg arc as the maxim{im radius

(4) machining shall not be employed, iy order to
meet the above requirements
(e) Required Reinforcement Area. The requirgd area of
reinforcement is defined by
Ay = Kb, )
where K is determined-as follows:
(1) For D,/D;, >0:60, K = 1.00.
(2) For 0.60 2B,/D;, > 0.15, K = 0.6 + %4(0s/Dy).
(3) For Dy/D;, £ 0.15, K = 0.70.
(f) Availgble Area. The area available for reinforcement
is defined as
Az + A3 + A4 > A] (93)
These areas are all within the reinforcement|zone and

are further defined below.
(1) Area A, is the area resulting from exdess thick-

ness in the header wall
Ay = (2dy —dy) (T — 1, = ¢) (10)

(2) Area Ajis the area resulting from exdess thick-
ness in the branch pipe wall
A = 2L5(Ty — by = c) an

(3) Area A, is the area resulting from exdess thick-

dy|= the design inside diameter of the extruded out-  ness in the extruded outlet lip
let, measured at the level of the outside surface
of the_header. This dimension is taken after Ay = 21T = (T = )] 12)
remoyal of all mechanical and corrosion allow-
ances, and all thickness tolerances. (§) Reinforcement of Multiple Openings. The rules of
d, | =_Half width of reinforcement zone (equal to d,) ~ Para- 304.3.3(e) shzflll be followed, except that. the
h, | =Cheight of the extruded outlet_This must be required area and reinforcement area shall bg as given
equal to or greater than r, [except as shown in '™ Para- 304',3'4'. )
sketch (b) in Fig. 304.3.4]. ( i.z) Identification. The manufacturer shall establish the
Ls = height of reinforcement zone design pressure and temperature for each extruded out-
= 07/D,T, let header and shall mark the header with this informa-
ry = radius of curvature of external contoured por- tion,’together with the symbol "B31.3” (indicatjing the
tion of ouflet, measured in the plane containing applicable Code Section) and the manufacturer’s name
the axes of the header and branch or trademark.
T, = corroded finished thickness of extruded outlet, 304.3.5 Additional Design Considerations. The

measured at a height equal to r, above the out-
side surface of the header
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requirements of paras. 304.3.1 through 304.3.4 are
intended to ensure satisfactory performance of a branch
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Fig. 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

Corrosion
allowan

y
:
%

Mill tolerance

GENERAL NOTE: Sketch is drawn for condition where K = 1.00.
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Fig. 304.3.4 Extruded Outlet Header Nomenclature (Cont’d)

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

bction subject only to pressure. The designer shall
ronsider the following:

A

dy ———————|

ondition wherenK = 1.00 and dx < dp.

)

para. 304.3.3(c) or 304.3.4(f). However, ribs ¢
may be used for pressure-strengthening a br.

r gussets
hnch con-

(a)|In addition to pressure loadings, externalsforces  nection in lieu of reinforcement covered in pargs. 304.3.3
and movements are applied to a branch conneé¢tion by ~ and 304.3.4 if the design is qualified as required by
thermal expansion and contraction, dead andlive loads, para. 304.7.2.
and ovement of piping terminals and supports. Special (e) For branch connections that do not meet the

consi
conn

(b)
pipe
the f

larly
or ex
ing, 1

the ¢
atureg

deration shall be given to the design of a branch
petion to withstand these forees ahd movements.
Branch connections made(by Welding the branch
directly to the run pipe(should be avoided under
bllowing circumstancés:

1) when branch siZe approaches run size, particu-
if pipe formed byumore than 1.5% cold expansion,
panded pipe-of‘a material subject to work harden-
s used as.thetun pipe

2) whefe’ repetitive stresses may be imposed on
nnection by vibration, pulsating pressure, temper-
cycling, etc.

requirements of para. 304.3.1(b), integral reinf
complete encirclement reinforcement, or other
reinforcement should be considered.

304.3.6 Branch Connections Under
Pressure. Pressure design for a branch conne
jected to external pressure may be determined
dance with para. 304.3.1, using the reinforces
requirement stated in para. 304.3.3(b).

304.4 Closures
304.4.1 General

brcement,
means of

External
rtion sub-
in accor-
ment area

In suchcases;itisrecommrended—that—the dcoigu be
conservative and that consideration be given to the use
of tee fittings or complete encirclement types of
reinforcement.

(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 con-
tributing to the reinforcement area determined in

\/u/\ lostresrrotimraccordance—with patra. 303 or
304.4.1(b) shall be qualified as required by para. 304.7.2.
(b) For materials and design conditions covered
therein, closures may be designed in accordance with
the rules in the BPV Code, Section VIII, Division 1, calcu-
lated from eq. (13)
thy =t+c (13)
where
c

sum of allowances defined in para. 304.1.1
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Table 304.4.1 BPV Code References for Closures

Where the closure is curved, the boundaries of the rein-
forcement zone shall follow the contour of the closure,

3, or
d by

Concave to Convex to
Type of Closure Pressure Pressure and dimensions of the reinforcemfent zone shall be mea-
sured parallel to and perpendicular to the closure
Ellipsoidal UG-32(d) UG-33(d) surface.
Torispherical UG-32(¢) UG-33() (f) If two or more openings are to be located in a
Hemispherical UG-32( UG-33(9 losure, the rules in paras. 304.3.3 and 304.3.4 for th
Conical (no transition UG-32(g) UG-33(f) ¢ gs € the es p - o~ 0.2 10 €
to knuckle) reinforcement of multiple openings apply.
Toriconical UG-32(h) UG-33(H (g) The additional design considerations for branch
Flat (pressyreon UG-34 conmections discussed i para. 304:3-5 apply equdlly to
either side) openings in closures.
GENERAL NQTE:  Paragraph numbers are from the BPV Code, Section 304.5 Pressure Design of Flanges and Blanks
VIIl, Divisiop 1.
304.5.1 Flanges — General
(a) Flanges not in accordanece.with para. 3(
304.5.1(b) or (d), shall be qualified as require
t = pressure design thickness, calculated for the () (d) k! 4

in Table 304.4.1, except that the symbols used

I
fype of closure and direction of loading, shown
1
o determine ¢ 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 defined in

para. 304.1.1
Ilinimum required thickness, including
echanical, corrosion, and erosion allowance

tm

304.4
(a) The

2 Openings in Closures

rules in paras. 304.4.2(b) through (g) apply to
openings| not larger than one-half the inside diameter
of the clpsure as defined in Section VIII, Division *1;
UG-36. 4 closure with a larger opening shouldibe
designed|as a reducer in accordance with para.'304.6
or, if the closure is flat, as a flange in accordance with
para. 304{5.

(b) A dlosure is weakened by an opéning and, unless
the thickhess of the closure is sufficiently in excess of
that requjred to sustain pressure,(itji$ necessary to pro-
vide added reinforcement. The'need for and amount of
reinforcement required shall\be determined in accor-
dance with the subparagraphs below except that it shall
be considered that the"opening has adequate reinforce-
ment if the outlet connection meets the requirements in
para. 304{3.2(b) er{(e).

(c) Reipforeement for an opening in a closure shall
be so disfributed that reinforcement area on each side

para. 304.7.2.

(b) A flange may be desigried in accordance with the
BPV Code, Section VIII,\Division 1, Appendix 2, pising
the allowable stresses@nd temperature limits of the[831.3
Code. Nomenclattire shall be as defined in Appenfix 2,
except as follows;

P = desigh gage pressure

S, = bolt*design stress at atmospheric temperpture
Sy =->bolt design stress at design temperature

Sp= product SEW [of the stress value S, the appro-

priate quality factor E from Table A-1A or A-1B,
and weld joint strength reduction facfor in
accordance with para. 302.3.5(e)] for flange or
pipe material. See para. 302.3.2(e).

(c) The rules in (b) above are not applicablg to a
flanged joint having a gasket that extends outside the
bolts (usually to the outside diameter of the flange).

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

(e) See Section VIII, Division 1, Appendix S, for
siderations applicable to bolted joint assembly.

304.5.2 Blind Flanges
(a) Blind flanges not in accordance with para. 303 or
304.5.2(b) shall be qualified as required by para. 3(4.7.2.
(b) A blind flange may be designed in accordlance
with eq. (14). The minimum thickness, considerirfg the
manufacturer’s minus tolerance, shall be not less than ¢,

con-

of an ope
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
UG-37(b), UG-38, and UG-39.

(e) The reinforcement area and reinforcement zone
shall be calculated in accordance with para. 304.3.3 or
304.3.4, considering the subscript & and other references
to the run or header pipe as applying to the closure.

. L ban | - 1 1 1 1
Juu g 15 \CULGIUCT I 15 dl l_y Pldl < i.l oY usl L i.l I LTI l‘l.Cl
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thw = t+c (14)

To calculate £, the rules of Section VIII, Division 1,
UG-34 may be used with the following changes in
nomenclature:

¢ = sum of allowances defined in para. 304.1.1
P = internal or external design gage pressure
Sf = product SEW [of the stress value, S, and the

appropriate quality factor, E, from Table A-1A
or A-1B and weld joint strength reduction factor
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Fig. 304.5.3 Blanks

JIL2

1704

t =

per 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 appro-
priate equations for bolted flat cover plates in
UG-34

304.5.3 Blanks

(a)
304.5
(b)

Blanks not in accordance with para. 303 or
3(b) shall be qualified as required by para. 304.7.2.
The minimum required thickness of a permanent

blank (representative configurations shown in

Fig.

eq. (15)

where

o

B04.5.3) shall be calculated in accordance with

(15)

3p
=g | | TesEW + ©

= sumnof allowances defined in para. 304.1.1
= inside diameter of gasket for raised or flat face

flanges, or the gasket pitch diameter for ring

i
I

\\ !

Y.

(b) Concentric reducers made in a conical o
curve section, or a combination of such sect
be designed in accordance with the rules for c
toriconical closures stated in para. 304.4.1.

304.6.2 Eccentric Reducers. Eccentric red
in accordance with para. 303 shall be qu{
required by para. 304.7.2.

304.7 Pressure Design of Other Component$

304.7.1 Listed Components. Other
containing components manufactured in adg
with standards in Table 326.1 may be utilized
dance with para. 303.

304.7.2 Unlisted Components. Pressure
unlisted components to which the rules elsq
para. 304 do not apply shall be based on thg
design criteria of this Code. The designer sh
that the pressure design has been substantiate

reversed
ons, may
nical and

ucers not
1lified as

ressure-
cordance
in accor-

design of
where in
pressure
hll ensure

1 through

oneormoreofthemeansstatedin cn]—\parnc ("

) through

“n o m
I

W =

jomt and fully retained gasketed Ilanges
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

304.6 Reducers

304.6.1 Concentric Reducers

(a) Concentric reducers not in accordance with
para. 303 or 304.6.1(b) shall be qualified as required by
para. 304.7.2.

Copyright ASME International
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(d) below. Note that designs are also required to be
checked for adequacy of mechanical strength as
described in para. 302.5. Documentation showing com-
pliance with this paragraph shall be available for the

owner’s approval.

(a) extensive, successful service experience under
comparable conditions with similarly proportioned

components of the same or like material.

(b) experimental stress analysis, such as described in
the BPV Code, Section VIII, Division 2, Annex 5.F.
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(c) proof test in accordance with ASME B16.9,
MSS SP-97, or Section VIII, Division 1, UG-101.

(d) detailed stress analysis (e.g., finite element
method) with results evaluated as described in
Section VIII, Division 2, Part 5. The basic allowable stress
from Table A-1 shall be used in place of the allowable
stress, S, in Division 2 where applicable. At design tem-
peratures in the creep range, additional considerations
beyond the scope of Division 2 may be necessary.

ASTM A134 made from other than ASTM A285
plate

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

(e) Forf[any of the above, the designer may interpolate
between [sizes, wall thicknesses, and pressure classes,

only
ryclic

tm—Exceptastimitedimrsubparas—tb) through(d)
the following pipe may be used under sevgere

and may [determine analogies among related materials. ~ conditions:
. . . _ > 7
304.7.3 Metallic Components With Nonmetallic (L pipe l?sted m Table A-1A, wherg E¢> 0.9 4 or
(2) pipe listed in Table A-1B, where-E; > 0.90
Pressure Parts. Components not covered by standards (b) For API5L pi Iv the follwi ! terial
listed in Table 326.1, in which both metallic and nonme- or p1pe, only the 1070vwing materialy may
: . be used:
tallic parfs contain the pressure, shall be evaluated by
applicable requirements of para. A304.7.2 as well as Grade A or B, seamless
Grade A or B, SAW, str.\seam, E; > 0.95
those of para. 304.7.2. j
Grade X42, seamless
304.7{4 Expansion Joints Grade X46, seamléss
(a) Metallic Bellows Expansion Joints. The design of bel- Grade X52, seamless
lows typ¢ expansion joints shall be in accordance with Grade X56seamless
Appendix X. See also Appendix F, para. F304.7.4 for Grade X6Q, seamless
further dpsign considerations. (c) For.copper pipe, only ASTM B42 may be uged.

(b) Slif Type Expansion Joints
(1) Hressure-containing elements shall be in accor-
dance with para. 318 and other applicable requirements
of this C¢de.
(2) Bxternal piping loads shall not impose excessive
bending pn the joint.
(3) The effective pressure thrust area shall be eom-
puted using the outside diameter of the pipe.
(c) Other Types of Expansion Joint. The desigh.of other

(d) Hor copper alloy pipe, only ASTM B466 mpy be
used;

(e) For aluminum alloy pipe, only ASTM B21
B241, both in tempers O and H112, may be used.

and

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 materi-
als shall be examined by 100% radiography or [100%

types of pxpansion joint shall be qualified, as required ultrasonic examination. Acceptance criteria are as dtated
by para. 04.7.2. in para. 341.3.2 and in Table 341.3.2, for Normal [Fluid
Service, unless otherwise specified.
PART 3
FLUID SERVICE REQUIREMENTS FOR PIPING 306 FITTINGS, BENDS, MITERS, LAPS, AND
COMPONENTS BRANCH CONNECTIONS

305 PIPE

Pipe injcludes components designated as “tube” or
“tubing” [in the {naterial specification, when intended
for pressyire seryice.

305.1 General

Fittings, bends, miters, laps, and branch connegtions
may be used in accordance with paras. 306.1 thjough
306.5. Pipe and other materials used in such compopents
shall be suitable for the manufacturing or fabridation
process and the fluid service.

2A06.1 Dine_Fi_t_t_i_n_gs
SYo1—+Ip

Listed pipe may be used in Normal Fluid Service
except as stated in paras. 305.2.1 and 305.2.2. Unlisted
pipe may be used only as provided in para. 302.2.3.

305.2 Specific Requirements

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

API 5L, Furnace Butt-Welded
ASTM A53, Type F

30

306.1.1 Listed Fittings. Listed fittings may be used
in Normal Fluid Service in accordance with para. 303.

306.1.2 Unlisted Fittings. Unlisted fittings may be
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

7 See paras. 302.3.3 and 302.3.4.

(14)
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in ASME B16.9, MSS SP-97, or the BPV Code,
Section VIII, Division 1, UG-101 may be used within
their established ratings.

(b) The lap thickness of a proprietary “Type C” lap-
joint stub-end buttwelding fitting shall conform to the
requirements 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:

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 the
following requirements are met.

(a) The outside diameter of the lap shall be within
the dimensional tolerances of the corresponding

1) forged
2) wrought, with factor Ej> 0.90,” or
3) cast, with factor E. = 0.90”

(b)| Fittings conforming to MSS SP-43, MSS SP-119,
and proprietary “Type C” lap-joint stub-end welding
fittings shall not be used under severe cyclic conditions.

306.

306.2.1 General

(a)) A pipe bend made in accordance with
parap. 332.2.1 and 332.2.2, and verified for pressure
design in accordance with para. 304.2.1, is suitable for
the shme service as the pipe from which it is made.

(b)) A pipe bend made in accordance with
para] 332.2.2, but not meeting the flattening limits of
para] 332.2.1, may be qualified 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 be qualified
for pfessure design as required by para. 304.7-2.

3(
bend
used

P Pipe Bends

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

306.8 Miter Bends

306.3.1 General. Excéptas stated in para. 306.3.2,
a miter bend made in agcordance with para. 304.2.3 and
weldpd in accordaneevwith para. 311.1 is suitable for
use ih Normal Fluid\Service.

306.3.2 Miter Bends for Category D Fluid Service.

A mifer bend\tHat makes a change in direction at a single
joint |(angle « in Fig. 304.2.3) greater than 45 deg, or is
weldpdyin accordance with para. 311.2.1, may be used

ASME B16 9 lap-jaint stih end
(b) The lap thickness shall be at least eqtllal to the
nominal wall thickness of the pipe to which it ijattached.
(c) The lap material shall have an allowablg stress at
least as great as that of the pipe.
(d) Welding shall be in accordance with ppra. 311.1
and fabrication shall be in accetdance with para. 328.5.5.

306.4.2 Flared Laps. \Sée para. 308.2.5 for require-
ments of lapped flangeésfor use with flared lap$. A flared
lap is suitable for us¢inh Normal Fluid Service |provided
that all of the following requirements are mef.

(a) The pipedused shall be of a specification gnd grade
suitable fer\forming without cracks, surface [buckling,
or other defects.

(b)The outside diameter of the lap shall pe within
thexdimensional tolerances of the corregponding
ASME B16.9 lap-joint stub end.

(c) The radius of fillet shall not exceed 3 mm (% in.).

(d) The lap thickness at any point shall be at least
95% of the minimum pipe wall thickness, T, rhultiplied
by the ratio of the pipe outside diameter to the diameter
at which the lap thickness is measured.

(e) Pressure design shall be qualified as refjuired by
para. 304.7.2.

306.4.3 Forged Laps. A lap integrally Hot-forged
on a pipe end is suitable for Normal Fluid Sefvice only
when the requirements of para. 332 are met. lts dimen-
sions shall conform to those for lap-joint stub ends given
in ASME B16.9.

306.4.4 Laps for Severe Cyclic Conditions
(a) A forged lap-joint stub end in accordqnce with
para. 306.1 or a lap integrally hot-forged on af pipe end
in accordance with para. 306.4.3 may be used under
severe cyclic conditions.
(b) A fabricated lap to be used under seviere cyclic

only for 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. 311.2.2, and shall have
an angle « (see Fig. 304.2.3) < 22.5 deg.

306.4 Laps

The following requirements do not apply to fittings
conforming to para. 306.1, specifically lap-joint stub ends
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conditions shall conform to the requirements of
para. 306.4.1, except that welding shall be in accordance
with para. 311.2.2. A fabricated lap shall conform to a
detail shown in Fig. 328.5.5, sketch (d) or (e).

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

306.5 Fabricated Branch Connections

The following requirements do not apply to fittings
conforming to para. 306.1.
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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
Cyclic Conditions. A fabricated branch connection to
be used under severe cyclic conditions shall conform to
the requirements of para. 306.5.1, except that welding
shall be inaccordance with para. 311.2.2, with fabrication

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 flange at bolt circle shall at
least equal minimum required flange thickness in ASMF B16 5.

limited tq a detail equivalent to Fig. 328.5.4D sketch (2)
or (4), or|to Fig. 328.5.4E.

306.6 Thermowells

Thermgwells shall comply with ASME PTC 19.3 TW
where apjplicable.

307 VI:lLVES AND SPECIALTY COMPONENTS

The following requirements for valves shall also be
met as applicable by other pressure-containing piping
componepts, such as traps, strainers, and separators. See
also Appendix F, paras. F301.4 and F307.

307.1 General

307.1{1 Listed Valves. A listed valve is suitable
for use ih Normal Fluid Service, except as stated in
para. 307}2.

307.1|2 Unlisted Valves. Unlisted valves may be
used onlly in accordance with para. 302.2.3. Unless
pressuref-temperature ratings are established by the
method set forth in ASME B16.34, pressure deSign shall
be qualiffed as required by para. 304.7.2.

307.2 Specific Requirements

307.2|1 Bonnet Bolting. A/bolted bonnet valve
whose bgnnet is secured to theé body by less than four
bolts, or by a U-bolt, may be&lused only for Category D
Fluid Ser}ice.

307.2]2 Stem Reténtion. Valves shall be designed
so that the stem seal tetaining fasteners (e.g., packing,
gland fasteners)talene do not retain the stem. Specifi-
cally, the |design shall be such that the stem shall not be
capable gf temoval from the valve, while the valve is

308.1.2 Unlisted Components. Unlisted flanges,
blanks, and gaskets may be used only,in“accordlance
with para. 302.2.3.

308.2 Specific Requirements fof.Flanges
See Appendix F, paras. F308.2/and F312.

308.2.1 Slip-On Flanges
(a) A slip-on flangeshall be double-welded as shown
in Fig. 328.5.2B when_the service is
(1) subject to'éevere erosion, crevice corrosign, or
cyclic loading
(2) flammable, toxic, or damaging to human f{issue
(3) tnder severe cyclic conditions
(4)7at temperatures below —101°C (-150°F)
(b)>The use of slip-on flanges should be avgided
where many large temperature cycles are expected|, par-
ticularly if the flanges are not insulated.
(c) Slip-on Flanges as Lapped Flanges. A slip-on flange
may be used as a lapped flange only as shoyn in
Table 308.2.1 unless pressure design is qualified in gccor-
dance with para. 304.5.1. A corner radius or bevell shall
conform to one of the following as applicable:
(1) Foran ASME B16.9 lap joint stub end or a fprged
lap (see para. 306.4.3) the corner radius shall be as gpeci-
fied in ASME B16.5, Tables 9 and 12, dimension 1.
(2) For a fabricated lap, the corner bevel shall be
at least half the nominal thickness of the pipe to which
the lap is attached (see Fig. 328.5.5).
(3) For a flared lap see para. 308.2.5.

308.2.2 Expanded-joint Flanges. A flange having
an expanded-joint insert is subject to the requirements
for expanded joints in para. 313.

308.2.3 Socket Welding and Threaded Flanges. A

under pressure, by the removal of the stem seal retainer
(e.g., gland) alone.

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.
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SocKet welding flange i5 subject to the requirements for
socket welds in para. 311.2.5. A threaded flange is subject
to the requirements for threaded joints in para. 314.4.

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 B16.5 or ASME B16.47, or a similarly propor-
tioned 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
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intersection 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 flange facing shall be suitable for the intended
service and for the gasket and bolting employed.

308.4 Gaskets

Gaskets shall be selected so that the required seatin
load |s compatible with the flange rating and facing, the
strength of the flange, and its bolting. Materials shall be
suitaple for the service conditions. See also Appendix F,
para|F308.4.

309

Bolting includes bolts, bolt studs, studs, cap screws,
nuts,|and washers. See also Appendix F, para. F309.

BOLTING

309.1 General

309.1.1 Listed Bolting. Listed bolting is suitable for
use ih Normal Fluid Service, except as stated elsewhere

in p1ra. 309.

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

309.1.3 Bolting for Components. Bolting for compoX
nentq conforming to a listed standard shall be in accor-
dance with that standard if specified therein.

309.1.4 Selection Criteria. Bolting selectéd’shall be
adeqpate to seat the gasket and maintain joint tightness
under all design conditions.

309.

309.2.1 Low Yield Strength Bolting. Bolting having
not npore than 207 MPa (30 ksi) specified minimum yield
strerfgth shall not betsed for flanged joints rated
ASME B16.5 Class 400%and higher, nor for flanged joints
using metallic gaskets, unless calculations have been
mad¢ showing-adéequate strength to maintain joint
tighthess.

P Specific Bolting

309.2(2- Carbon Steel Bolting. Except where limited
by other provisions of this Code, carbon steel bolting

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

(b) sequence and torque limits for bolt-up are speci-
fied, with consideration of sustained loads, displace-
ment strains, occasional loads (see paras. 302.3.5 and
302.3.6), and strength of the flanges

2.4 Bolting for Sever ic Conditions. Low
yield strength bolting (see para. 309.2.1) sh4ll not be
used for flanged joints under severe cygelic.conditions.

309.3 Tapped Holes

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

PART 4
FLUID SERVICE REQUIREMENTS FOR PIPIN

310 GENERAL

Pipingyjoints shall be selected to suit the piping mate-
rial and the fluid service, with consideration of joint
tightness and mechanical strength under exppcted ser-
wice and test conditions of pressure, tempergture, and
external loading.

G JOINTS

311 WELDED JOINTS

Joints may be made by welding in any material for
which it is possible to qualify welding procedufres, weld-
ers, and welding operators in conformance with the rules
in Chapter V.

311.1 General

Except as provided in paras. 311.2.1 and 311.p.2, welds
shall conform to the following:
(a) Welding shall be in accordance with pafra. 328.

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

(c¢) Examination shall be in accordapce with
para. 341.4.1.

(d) Acceptance criteria shall be those in Tak
for Normal Fluid Service.

le 341.3.2

may be used with nonmetallic gaskets in flanged joints
rated ASME B16.5 Class 300 and lower for bolt metal
temperatures at —29°C to 204°C (-20°F to 400°F), inclu-
sive. If these bolts are galvanized, heavy hexagon nuts,
threaded to suit, shall be used.

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, MSS SP-42, or MSS SP-51 specification,
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311.2 Specific Requirements

311.2.1 Welds for Category D Fluid Service. Welds
that meet the requirements of para. 311.1, but for which
examination is in accordance with para. 341.4.2, and
acceptance criteria are those in Table 341.3.2 for Category
D Fluid Service, may be used only in that service.

311.2.2 Welds for Severe Cyclic Conditions. Welds
for use under severe cyclic conditions shall meet the
requirements of para. 311.1 with the exceptions that
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examination shall be in accordance with para. 341.4.3,
and acceptance criteria shall be those in Table 341.3.2
for severe cyclic conditions.

311.2.3 Welds for Elevated Temperature Fluid
Service. Weld joints for Elevated Temperature Fluid
Service shall meet the requirements for Normal Fluid
Service, unless otherwise specified.

311.2.4 Backing Rings and Consumable Inserts

excessive loads will not be imposed on the lower rated
flange in obtaining a tight joint.

312.2 Metal to Nonmetal Flanged Joints

Where a metallic flange is bolted to a nonmetallic
flange, both should 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 nonmetallic flange is not overloaded.

(a) If ajpacKing ring is used where the resulting crevice
is detrimntal (e.g., subject to corrosion, vibration, or
severe cyflic conditions), it should be removed and the
internal jgint face ground smooth. When it is impractical
to remov¢ the backing ring in such a case, consideration
shall be given to welding without backing rings or to
the use of consumable inserts or removable nonmetallic
backing flings.

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

311.2/5 Socket Welds

(a) Sodket welded joints (para. 328.5.2) should be
avoided ih any service where crevice corrosion or severe
erosion may occur.

(b) Sofket welded joints shall conform to the
following:

(1) Socket dimensions shall conform to ASME B16.5
for flang¢s and ASME B16.11 or MSS SP-119 for other
socket-w¢lding components.

(2) Weld dimensions shall not be less than those
shown in| Figs. 328.5.2B and 328.5.2C.

(c) Socket welds larger than DN 50 (NPS 2) shallynot
be used yinder severe cyclic conditions.

(d) A drain or bypass in a component may be attached
by socket|welding, provided the socket dimensions con-
form to Hig. 4 in ASME B16.5.

311.2J6 Fillet Welds

(a) Fillet welds in accordance with para. 328.5.2 may
be used as primary welds to.attach socket welding com-
ponents and slip-on flanges:

(b) Fillpt welds may also be used to attach reinforce-
ment andl structuralxattachments, to supplement the
strength ¢r reducéstress concentration of primary welds,
and to preventidisassembly of joints.

311.2.f7 \Seal Welds. Seal welds (para. 328.5.3) may

313 EXPANDED JOINTS

(a) Expanded joints shall not be useduhder severe
cyclic conditions. For other services)\adequate means
shall be provided to prevent separation of the joint. If
the fluid is toxic or damaging tovhuman tissue,|safe-
guarding is required.

(b) Consideration shall(be*given to the tightngss of
expanded joints when subjected to vibration, differgntial
expansion or contraction due to temperature cycling, or
external mechanical loads.

314 THREADED JOINTS
314.1 General

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

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

(b) When threaded joints are intended to bg seal
welded, thread sealing compound shall not be used.

(c) Layout of piping employing threaded jpints
should, insofar as possible, minimize stress on jpints,
giving special consideration to stresses due to th¢rmal
expansion and operation of valves (particularly a [valve
at a free end). Provision should be made to counteract
forces that would tend to unscrew the joints.

(d) Except for specially designed joints emplgying
lens rings or similar gaskets, threaded flanges in which
the pipe ends project through to serve as the gasket
surface may be used only for Category D Fluid Sefvice.

rvice
hding

be used only to prevent leakage of threaded joints and
shall not be considered as contributing any strength to
the joints.

312 FLANGED JOINTS

312.1 Joints Using Flanges of Different Ratings

iWhere 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
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314.2 Specific Requirements

314.2.1 Taper-Threaded Joints. Requirements in (a)
through (c) below apply to joints in which the threads
of both mating components conform to ASME B1.20.1.

(a) External threaded components may be used in
accordance with Table 314.2.1 and its Notes.

(b) Internal threaded components shall be at least
equivalent in strength and toughness to threaded com-
ponents listed in Table 326.1 and otherwise suitable for
the service.
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Table 314.2.1 Minimum Thickness of
External Threaded Components

Size Range

and minimum wall thickness) and are used within the
pressure—temperature limitations of the fitting and the
joint

Fluid SE:sEictri]\-/e [Note (1)] ?::lk I‘:‘:‘;‘; (b) thejoints are safeguarded when used under severe
Service Material DN NPS [Note (2)] cyclic conditions
Normal Yes [Note 3)] < 40 <1Y, Sch. 80 315.3 Joints Not Conforming to Listed Standards
50_ 2 _ Sch. 40 Joints using flared, flareless, or compression type tub-
65-150  2/=6  Sch. 40 ing fittings not listed in Table 326.1 may be used in
Normal No [Note (4)] <50 <> Sch. 405 accordance with para. 315.2 provided that tHe type of
65-150  2Y%-6 Sch. 405 fitting selected is also adequate for pressuré and other
loadings. The design shall be qualified\as required by
Categgry D  Either <300 <12 In accordance para. 304.7.2.
with para.
304.1.1
316 CAULKED JOINTS
GENERAL NOTE: Use the greater of para. 304.1.1 or thickness shown
in thig Table. Caulked joints such as bell'type joints shall e limited
NOTESY: to Category D Fluid Service and to a tempegature not

(1) Fdr sizes > DN 50 (NPS 2), the joint shall be safeguarded (see
Agpendix G) for a fluid service that is flammable, toxic, or dam-
aging to human tissue.

(2) Neminal wall thicknesses is listed for Sch. 40 and 80 in
A$ME B36.10M and for Sch. 40S in ASME B36.19M.

(3) Fgr example, carbon steel.

(4) Fdr example, austenitic stainless steel.

(c)] Threaded components of a specialty nature that
are 1jot subject to external moment loading, such as
therthometer wells, may be used under severe cyclie
condjtions.

(d)] A coupling having straight threads may, be*used
only for Category D Fluid Service, and only with taper-
threaded mating components.

314.2.2 Straight-Threaded Joints. t\Threaded joints
in which the tightness of the jointis provided by a
seating surface other than the thréads (e.g., a union com-
priSiIg male and female ends joined with a threaded
uniof nut, or other constftgtions shown typically in
Fig. 335.3.3) may be used. If such joints are used under
sevefe cyclic conditions and are subject to external
momient loadings,safeguarding is required.

315
315.

In pelecting and applying flared, flareless, and com-

TUBING JOINTS
L General

over 93°C (200°F), They shall be used within|the pres-
sure—temperature-limitations of the joint and pipe. Pro-
visions shall bermade to prevent disengagement of joints,
to prevent-buc¢kling of the piping, and to sustqin lateral
reactionsproduced by branch connectiong or other
causes:

317 SOLDERED AND BRAZED JOINTS
317.1 Soldered Joints

Soldered joints shall be made in accordancg with the
provisions of para. 333 and may be used only in
Category D fluid service. Fillet joints made wijith solder
metal are not permitted. The low melting poing of solder
shall be considered where possible exposure|to fire or
elevated temperature is involved.

317.2 Brazed and Braze Welded Joints

(a) Brazed and braze welded joints made|in accor-
dance with the provisions in para. 333 are siitable for
Normal Fluid Service. They shall be safeguarded in fluid
services that are flammable, toxic, or damaging to
human tissue. They shall not be used under seyere cyclic
conditions. The melting point of brazing alloyfs shall be
considered where possible exposure to fire is|involved.

(b) Fillet joints made with brazing filler metal are not
permitted.

pression 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 tub-
ing fittings covered by listed standards may be used in
Normal Fluid Service provided that

(a) the fittings and joints are suitable for the tubing
with which they are to be used (considering maximum

35

318 SPECIAL JOINTS

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 compo-
nents are suitable for Normal Fluid Service.
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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
withstand anticipated conditions of service.

318.2.2 Joint Interlocks. Either mechanical or

system, and to resultant axial, bending, and torsional
displacement stress ranges.

319.2.1 Displacement Strains

(a) Thermal Displacements. A piping system will
undergo dimensional changes with any change in tem-
perature. If it is constrained from free expansion or con-
traction by connected equipment and restraints such
as guides and anchors, it will be displaced from its

Brractrainad pmaciti o

welded ifterlocks shall be provided to prevent separa-
tion of anfy joint used for a fluid service that is flammable,
toxic, or lamaging to human tissues, of any joint to be
used under severe cyclic conditions, and of any joint
exposed fo temperatures in the creep range.

318.2J3 Bell and Gland Type Joints. If not covered
in para. 316, bell type and gland type joints used under
severe cy[lic conditions require safeguarding.

PART 5
FLEXIBILITY AND SUPPORT

319 PIIING FLEXIBILITY
319.1 R

319.1{1 Basic Requirements. Piping systems shall
have suffjcient flexibility to prevent thermal expansion
or contraction or movements of piping supports and
terminalg from causing

(a) failpre of piping or supports from overstress or
fatigue

(b) leakage at joints

(c) dettimental stresses or distortion in piping-and
valves orlin connected equipment (pumps and‘turbines,
for exanjple), resulting from excessivetthrusts and
moments|in the piping

quirements

srrestrained-position:

(b) Restraint Flexibility. If restraints are not consiglered
rigid, their flexibility may be considered in determfining
displacement stress range and reactions,

(c) Externally Imposed Displacements. Exterpally
caused movement of restraints willyimpose displace-
ments on the piping in addition tolthose related tof ther-
mal effects. Movements mayqtesult from tidal chinges
(dock piping), wind sway (e.g:; piping supported ffom a
tall slender tower), or temperature changes in connected
equipment.

Movement due to earth settlement, since it is a gingle
cycle effect, will ot significantly influence fatigug life.
A displacement stress range greater than that pernpitted
by para. 302:3:5(d) may be allowable if due considegation
is given te-avoidance of excessive localized strain and
end tedetions.

(d)Total Displacement Strains. Thermal displlace-
ments, reaction displacements, and externally imjposed
displacements all have equivalent effects on the piping
system, and shall be considered together in determfining
the total displacement strains (proportional def¢rma-
tion) in various parts of the piping system.

319.2.2 Displacement Stresses
(a) Elastic Behavior. Stresses may be considered pro-
portional to the total displacement strains in a piping

(14) ?19&11 25 p;uflcthReC?UIremgnts. ¢ Indp?ra. ::31.9’ cct);\- system in which the strains are well-distributed and not
cepts, daja, and methods are givenior determining the - oy cogsive at any point (a balanced system). Laydut of
requi?emants for flexibility in~a-piping system and for systems shoul}c; I;im fc()r such a cor?:ditio)n, W}}/\ ch is
?Ssllj r}nfg ﬂ}}:at the system mteets al:}? ftthese requirements.  ,ssumed in flexibility analysis methods provided ip this

n brief, these requirements are tha Code
(a) the|computed stress range at any point due to ' . . .
displacements in thesystem shall not exceed the allow- (®) Overstr.a ined Behz?vlor. Stresses ca'nnot be cqnsid
able streds range gtablished in para. 302.3.5 ered proportional to displacement strains throughout a
(b) reagtioriforces computed in para. 319.5 shall not pIpIng system In .Wthh an excessive amount of ptrain
be detrinjefpsl’to supports or connected equipment may occur in localized portions of the system (an ynbal-
() computed Tovementof The Bipms Shall be withim anced system) Operation of an unbalanced systém in
P o piping . the creep range may aggravate the deleterious effects
any prescribed limits, and properly accounted for in the . L .
flexibility calculations due to creep strain accumulation in the most susceptible
If it is determined that a piping system does not have reglons Offt?he sfysl’lcem: U?nbalance may result from one
adequate inherent flexibility, means for increasing flexi- or more O_ ¢ tollowng: ) ) ) )
bility shall be provided in accordance with para. 319.7. (1) highly stressed small size pipe runs in series
with large or relatively stiff pipe runs.
(14) 319.2 Concepts (2) a local reduction in size or wall thickness, or

Concepts characteristic of piping flexibility analysis
are covered in the following paragraphs. Special consid-
eration is given to displacements (strains) in the piping

local use of material having reduced yield strength (for
example, girth welds of substantially lower strength
than the base metal).
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(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 piping system will significantly affect the stress distri-
bution, the resulting displacement stresses shall be com-
puted based on the actual elastic moduli at the respective
operating temperatures for each segment in the system

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
conditions. When cold spring is properly applied there
is less likelihood of overstrain during initial operation;
hence, it is recommended especially for piping materials
of limited ductility. There is also less deviation from as-

and fhen multiplied by the ratio of the elastic modulus
at anfbient temperature to the modulus used in the anal-
ysis for each segment.

Unpalance should be avoided or minimized by design
and layout of piping systems, particularly those using
matefials of low ductility. Many of the effects of unbal-
ance |can be mitigated by selective use of cold spring.
If unpalance cannot be avoided, the designer shall use
apprppriate analytical methods in accordance with
para319.4 to assure adequate flexibility as defined in
para319.1.

Instatted—dimensions—during imnitiat-operation, so that
hangers will not be displaced as far from,thejr original
settings.

Inasmuch as the service life of a piping pystem is
affected more by the range of stress’variatiop than by
the magnitude of stress at a given time, no [credit for
cold spring is permitted in“stress range calculations.
However, in calculating thedhrusts and momehts where
actual reactions as well“as their range of variations are
significant, credit isigiven for cold spring.

319.3 Properties for Flexibility Analysis

(14) 319.2.3 Displacement Stress Range ' The follc?wing paragraphs c'ieal' wi’gh propertfes qf pip-
(a)| In contrast with stresses from sustained loads, ng materlals. and their application in piping fflexibility
such|as internal pressure or weight, displacement  Stress analysis.

stresges may be permitted to attain sufficient magnitude
to capse local yielding in various portions of a piping
system. When the system is initially operated at the
condjftion of greatest displacement (highest or lowest
templerature, or greatest imposed movement) from-its
instal]led condition, any yielding or creep brings.dbout
a reduction or relaxation of stress. When the system is
later |returned to its original condition (ora\condition
of opjposite displacement), a reversal and redistribution
of stiesses occurs that is referred to asiself-springing. It

~ is sirhilar to cold springing in its effects.

(b)| While stresses resulting framydisplacement strains
diminish with time due to yielding or creep, the alge-
braic|difference between sttains in the extreme displace-

- ment condition and the0riginal (as-installed) condition

(or any anticipated condition with a greater differential
effect) remains substantially constant during any one

~ cyclelof operatioh, This difference in strains produces a

correspondirig/stress differential, the displacement stress
rang¢, thatiswsed as the criterion in the design of piping
for flexibility. In evaluating systems where supports may

319.3.1 Thermal Expansion Data

(@) Values for Stress Range. Values of thermal displace-
ments to be used in determining total displlacement
strains for computing the stress range shall [be deter-
mined from Appendix C as the algebraic difference
between the value at maximum metal temperpture and
that at the minimum metal temperature for thie thermal
cycle under analysis.

(b) Values for Reactions. Values of thermal|displace-
ments to be used in determining total displlacement
strains for computation of reactions on supports and
connected equipment shall be determined as| the alge-
braic difference between the value at maximunj (or mini-
mum) temperature for the thermal cycle under analysis
and the value at the temperature expected during
installation.

319.3.2 Modulus of Elasticity. The refererjce modu-
lus of elasticity at 21°C (70°F), E,, and the mpdulus of
elasticity at maximum or minimum tempergture, E,,
shall be taken as the values shown in Apperldix C for
the temperatures determined in para. 319.3.1fa) or (b).

be a
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 position shall
include the sustained loads present in the condition
under evaluation. See para. 302.3.5(d) for the allowable
stress range, Su, and para. 319.4.4(a) for the computed
displacement stress range, Sg.

3 3 Jads | £ otl L 3
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For materials not inciuded in Appendix C, reference
shall be made to authoritative source data, such as
publications of the National Institute of Standards and
Technology.

319.3.3 Poisson’s Ratio. Poisson’s ratio may be
taken as 0.3 at all 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

(14)
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para. 302.3.5(d) for systems primarily stressed in bend-
ing and/or torsion.
(b) The stress intensification factors in Appendix D

have been developed from fatigue tests of representative ~ where
piping components and assemblies manufactured from D = outside diameter of pipe, mm (in.)
ductile ferrous materials. The allowable displacement E, = reference modulus of elasticity at 21°C (70°F),
stress range is based on tests of carbon and austenitic MPa (ksi)
stainless steels. Caution should be exercised when using Ky = 208000 Sa/E, (mm/m)?
egs. (1a) and (1b) (para. 302.3.5) for allowable displace- = 30 Sy/E,, (in./ft)?
ment strgSS Tamge for SOITE TONTeITous Materials (&g, L = developed length of piping between andhors,
certain cdpper and aluminum alloys) for other than low m (ft)
cycle apfflications. Sa = allowable displacement stress range’in gccor-
319.3.5 Dimensions. Nominal thicknesses and out- dance with eq. (1a), MPa (ksi)
side dianjeters of pipe and fittings shall be used in flexi- U = anchor distance, straight liné'between anghors,
bility calqulations. m (ft)
319.3.6 Flexibility and Stress Intensification y = resuuantt Oé t%tal bdiisglat;em?n.t Strfif[ns’
Factors. [The flexibility factors, k, and stress intensifica- mm (in.), to be absorbed by the piping system

tion factoys, i, shall not be less than unity. In the absence
of more directly applicable data, the flexibility factor, k,
and stres$ intensification factor, i, shown in Appendix D
shall be jused for flexibility calculations described in
para. 319|4.

Stress ntensification factors may be developed in
accordange with ASME B31]J.

For piping components or attachments (such as valves,
strainerg, anchor rings, or bands) not covered in
Table D3P0, suitable stress intensification factors may
be assumpd by comparison of their significant geometry
with that|of the components shown. The validity of any
assumptipns is the responsibility of the designer. If two
or more pf the geometries shown in Appendix.JDare
combined, their combined k and i might be sighificantly
different from the values shown. Examples include trun-
nions on elbows and branch connection.fittings welded
to anythihg other than straight pipe.

319.4.2 Formal Analysis’'Requirements
(a) Any piping systém that does not meet the crjiteria
inpara. 319.4.1 shall bé analyzed by a simplified, approx-
imate, or comipiehensive method of analysis, as
appropriate,
(b) A simplified or approximate method may be
applied only if used within the range of configurdtions
for wihich its adequacy has been demonstrated.
(c) "Acceptable comprehensive methods of anglysis
include analytical and chart methods that provigle an
evaluation of the forces, moments, and stresses cqused
by displacement strains (see para. 319.2.1).
(d) Comprehensive analysis shall take into acfount
stress intensification factors for any component jother
than straight pipe. Credit may be taken for the |extra
flexibility of such a component.

319.4.3 Basic Assumptions and Requiremenfs.
Standard assumptions specified in para. 319.3 shhll be

319.4 Flexibility Analysis followed in all cases. In calculating the flexibility of a
319.4{1 Formal Analysis Not Required. No formal ~ Piping system between anchor points, the system| shall
analysis ¢f adequate flexibility is required for a piping ~ Pe treated as a whole. The significance of all parts of

system that

(a) duplicates, or_replaces without significant change,
a system|operatig with a successful service record

(b) can| readily*be judged adequate by comparison
with preyiously analyzed systems

the line and of all restraints introduced for the pufpose
of reducing moments and forces on equipment or small
branch lines, and also the restraint introduced by| sup-
port friction, shall be recognized. Consider all displace-
ments, as outlined in para. 319.2.1, over the tempetature
range defined by para. 319.3.1.

(c) is df 1iniform size has no more than twao pm'nfq
of fixation, no intermediate restraints, and falls within
the limitations of empirical eq. (16)®

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 > 5),
or where extraneous displacements (not in the direction connecting
anchor points) constitute a large 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).

38

319.4.4 Flexibility Stresses

(a) The axial, bending, and torsional displacement
stress ranges shall be computed using the reference mod-
ulus of elasticity at 21°C (70°F), E,, except as provided
in para. 319.2.2(b)(4), and then combined in accordance
with eq. (17) to determine the computed displacement
stress range, Sg, which shall not exceed the allowable
displacement stress range, Su, in para. 302.3.5(d). See
also eq. (1d) and Appendix S, Example 3 for the greatest
computed displacement stress range.

(14)
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Se = (ISdl + 5 + (25)° (17) ~ where
2 = mean branch cross-sectional radius
where ' ) T, = thickness of pipe matching branch
Ay = cross-sectional area of pipe; see para. 319.3.5 T = thickness of pipe matching run of tee or header
F, = axial force range between any two conditions exclusive of reinforcing elements
, bel.ng evaluatgd . Ts = effective branch wall thickness, lesser of T; and
i, = axial stress intensification factor. In the (i)(Ty)
absence of more applicable data, i, = 1.0 for Z, = eflfective section modulus of branch
elbows, pipe bends, and miter bends (single, ¢ A
1 1 1 1 =31 1 1 1 = 7rTe: see para, 319.35
LlUbt'l_y deLUu, dlld WluCly deLCL,l}, dllld [; — T
f, (or i when listed) in Appendix D for other 319.4.5 Required Weld Quality Assuranlce. Any
) comPonents; see.also para. 319'3'6' weld at which Sg exceeds 0.8S5,¢(as ddfined in
if = torsional stress intensification factor. In the para. 3023.5) and the equivalent mumber of| cycles N
absence of more applicable data, i; = 1.0; also exceeds 7 000 shall be fully examined in accordance with
see para. 319.3.6. ara. 341.4.3
M{ = torsional moment range between any two con- para. o
ditions being evaluated .
S{ = axial stress range due to displacement strains 319.5 Reactions
= i,F./ A, Reaction forces and;moments used to design|restraints
S| = bending stress range due to displacement  and supports for ‘a piping system, and to evgluate the
strains effects of piping displacement on connected equipment,
S| = torsional stress range due to displacement  shall be baged on the maximum load from pperating
§trains conditionts; including weight, pressure, and ¢ther sus-
= ltM/ 27 _ tained leads; thermal displacement; and, where applica-
7 = section modulus of pipe; see para. 319.3.5 ble, oecasional loads. The reactions shall be ¢alculated
(b)| The bending stress range, S, to be used in eq. (17) using the modulus of elasticity at the temp¢rature of

for el
necti
dang
Figs.

(c)

for rq

bows, miter bends, and full size outlet branch con-
bns (Legs 1, 2, and 3) shall be calculated in accors
e with eq. (18), with moments as shown in

319.4.4A and 319.44B.
(iiMi)z + (ioMo)z
o= (18)

e

= in-plane stress intengification factor; see
para. 319.3.6

= out-plane stress(infensification factor; see
para. 319.3.6

= in-plane bending moment range between any
two conditions being evaluated

= out-plahe-bending moment range between any
two<«<onditions being evaluated

Thébending stress range, Sy, to be used in eq. (17)

bducing outlet branch connections shall be calcu-

the condition, E,, (E, may be used instead of
it provides a more conservative result). The teq
of the condition may differ in different locatio
the piping system.

Where cold spring is used in the piping syste
ence has shown that it cannot be fully assured. |
the reactions shall be computed both with thg
tion that only two-thirds of the design cold
present, and with four-thirds of the design cqg
present.

If it is necessary to determine the reactions g
temperature, the designer shall consider loa
condition, including the design cold spring
springing of piping. Self springing may oc
operating stress in the piping system exceeds
strength of the material or if the piping operat
peratures in the creep range of the material.

319.5.1 Maximum Reactions for Simple S
For a two-anchor piping system without int

E,, when
nperature
ns within

n, experi-
[herefore,

assump-
spring is
Id spring

t ambient
s at that
and self
cur if the
the yield
es at tem-

ystems.
prmediate

lated in accordance with eqs. (19) and (20), with
moments as shown in Fig. 319.4.4B.
For header (Legs 1 and 2)

N2 L [ 2
5, = VUM + (M) 19)

For branch (Leg 3)
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restraints, the maximum instantaneous values of reac-
tion forces and moments may be estimated from egs. (21)

and (22).
(a) For Extreme Displacement Conditions, R,,.

The tem-

perature for this computation is the maximum or mini-
mum metal temperature defined in para. 319.3.1(b),

whichever produces the larger reaction.

2C

E"’l
R, = R[1-F

E,
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Fig. 319.4.4A Moments in Bends

My
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0¥

Fig. 319.4.4B Moments . in Branch Connections

Leg 3

Leg 1
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where Where the piping lacks built-in changes of direction,
C = cold-spring factor varying from zero for no  or where it is unbalanced [see para. 319.2.2(b)], large
cold spring to 1.0 for 100% cold spring. (The = reactions or detrimental overstrain may be encountered.
factor two-thirds is based on experience show-  The designer should consider adding flexibility by one
ing that specified cold spring cannot be fully  or more of the following means: bends, loops, or offsets;
assured, even with elaborate precautions.) swivel joints; corrugated pipe; expansion joints of the
E, = reference modulus of elasticity at 21°C (70°F) bellows or slip-joint type; or other devices permitting
E,, = modulus of elasticity at maximum or mini- angular, rotational, or axial movement. Suitable anchors,
mum metal temperature ties, or other devices shall be provided as necessary to
R="Tange of Teaction forces or MOMmerts (derived Tesisterndforces produced by fluid-pressure;) frictional
from flexibility analysis) corresponding to the resistance to movement, and other causes,When expan-
full displacement stress range and based on E,  sion joints or other similar devices are“proyided, the
R,| = estimated instantaneous maximum reaction stiffness of the joint or device should be congidered in
force or moment at maximum or minimum  any flexibility analysis of the piping.
metal temperature
(b)| For Original Condition, R,. The temperature for this 320 ANALYSIS OF SUSIINED LOADS

320.1 Basic Assumptions-and Requirements

computation is the expected temperature at which the
pipin|g is to be assembled. Sustained conditipns“may be evaluated by detailed
R;|= CR or CiR, whichever is greater analysis, approximate methods, or simplifi¢d means

where nomenclature is as in para. 319.5.1(a) and

S/IE/?

Ci=1-
! SEEm

(22)

estimated self-spring or relaxation factor; use
zero if value of C; is negative

such as spanvtables. When detailed analydis is per-
formed, the“stress due to sustained loads, S, shall be
computed.and combined as described in this garagraph
and shall not exceed the allowable des¢ribed in
para:302.3.5(c). See Appendix S, Example 2 forjguidance
ondoading conditions and support scenarios fhat result
in' the greatest S; for each operating conditjon being
considered. The loads due to weight should b based on

Ry|= estimated 'instantzfmeous reaction force 0t<  the nominal thickness of all system componehts unless
moment at installation temperature otherwise justified in a more rigorous analysis. Section
Se|= computed displacement stress rangé.(see  poduli used to compute the stresses in this paragraph
para. 319.4.4) shall be based on nominal pipe dimensions I¢ss allow-
Sp| = see definition in para. 302.3.5(d) ances, i.e., the sum of mechanical (thread ¢r groove
319.5.2 Maximum Reactions for Complex Systems. depth), internal and external corrosion, anfl erosion

For multianchor piping systems and-for two-anchor sys-
tems|with intermediate restraints, eqs. (21) and (22) are
not dpplicable. Each case must be studied to estimate

allowances. Areas used to compute the stresges in this
paragraph assume nominal pipe dimensions less allow-
ances affecting the inside diameter of the pipg, i.e., the
sum of mechanical and internal corrosion anld erosion

locat{on, nature, and extent ©flocal overstrain, and its ! L ]

effect on stress distributioh and reactions. allowances. It is the responsibility of the dg¢signer to
determine sustained stress indices, I,, I;, I, angl I;,, when

319.6 Calculation_of-Movements a piping component is not explicitly addfessed in

Calculations ef:displacements and rotations at specific
locatjons may/be required where clearance problems
are involved:'In cases where small-size branch pipes
attached to stiffer run pipes are to be calculated sepa-

Appendix D, e.g., base-ells, reducing elbows, crosses,
close proximity findings, etc., as well as elbpws, pipe
bends, or miters other than 90 deg or supported by a
trunnion. Sustained stress indices shall not|be lower
than 1.00.

ratel . the linear and-ancular movements-of the iunction
7

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 flexibility
through changes in direction, so that displacements pro-

320.2 Stress Due to Sustained Loads

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

duce chiefly bending and torsional strains within pre- Sp = (ISl + Sp)* + (25,)° (23a)

scribed limits. The amount of axial tension or

compression strain (which produces large reactions) S (LM)* + (I,M,)* (23b)
p=—

usually is small.

41
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where 321 PIPING SUPPORT
I; = sustained in-plane moment index. In the
absence of more applicable data, I; is taken as 321.1 General
the greater of 0.757; or 1.00. The design of support structures (not covered by this
I, = sustained out-plane moment index. In the =~ Code) and of supporting elements (see definitions of
absence of more applicable data, I, is taken as ~ piping and pipe supporting elements in para. 300.2)
the greater of 0.75i, or 1.00. shall be based on all concurrently acting loads transmit-
M; = in-plane moment due to sustained loads, e.g., ted into such supports. These loads, defined in para. 301,
pressure and weight include weight effects, loads introduced by service pres-
M, = [out-plane moment due to sustained loads, e.g., _ Sules and temperatures, vibration, wind, earthquake,
pressure and weight shock, and displacement strain (see para. 319:2.2)
Z = lsustained section modulus. Z in egs. (23b) and For piping containing gas or vapor, weight calculdtions

(23c) is described in para. 319.4.4 but is com-
puted in this paragraph using nominal pipe
dimensions less allowances; see para. 320.1.

The equiation for the stress due to sustained torsional
moment, |S;, is

M,

5 =37

(23¢)

need not include the weight of liquid if the désign¢r has
taken specific precautions against entgance of liqui¢l into
the piping, and if the piping is ndgt'to be subjected to
hydrostatic testing at initial construction or subseguent
inspections.

321.1.1 Objectives. Thelayoutand design of piping
and its supporting elements shall be directed tqward
preventing the following:

(a) piping stresses in excess of those permitted in
this Code

where o
I, = |sustained torsional moment index. In the (b) leakage. atjoimts
absence of more applicable data, I; is taken (c') excessive thrusts and moments on conn bcted
s 1.00. equipment (such as pumps and turbines)
M; = |torsional moment due to sustained loads, e.g., (@hexcessive stresses in the supporting (or
pressure and weight restraining) elements. . .
(e) resonance with imposed or fluid-induced
The equation for the stress due to sustained longitudinal vibrations
force, S,, lis (f) excessive interference with thermal expansion and
contraction in piping which is otherwise adequately
s = LE, 234 flexible
“T A, (23d) (¢) unintentional disengagement of piping from its
supports
where (h) excessive piping sag in piping requiring drain-
A, = dross-sectional area of the pipe, considering  age slope
ominal pipe dimensions less allowances; see (i) excessive distortion or sag of piping (e.g., thgrmo-
ara. 320.1 plastics) subject to creep under conditions of reppated
F, = lJongitudinal foree'due to sustained loads, e.g., thermal cycling
ressure and/weight (j) excessive heat flow, exposing supporting elements
I, = qustaineddlongitudinal force index. In the to temperature extremes outside their design lim{ts

bsence gfsmore applicable data, I, is taken
s 1,00:

321.1.2 Analysis. In general, the location} and
design of pipe supporting elements may be bas¢d on

simple calculations and engineering judgment. How-

The sustaired luugﬂudiua} force, - rctades—the—sus=
tained force due to pressure, which is P;As unless the
piping system includes an expansion joint that is not
designed to carry this force itself, where P; is the internal
operating pressure for the condition being considered,
Ap = md*/4, and d is the pipe inside diameter considering
pipe wall thickness less applicable allowances; see
para. 320.1. For piping systems that contain expansion
joints, it is the responsibility of the designer to determine
the sustained longitudinal force due to pressure in the
piping system.

42

ever, when a more refined analysis is required and a
piping analysis, which may include support stiffness, is
made, the stresses, moments, and reactions determined
thereby shall be used in the design of supporting
elements.

321.1.3 Stresses for Pipe Supporting Elements.
Allowable stresses for materials used for pipe support-
ing elements, except springs, shall be in accordance with
para. 302.3.1. Longitudinal weld joint factors, E;, how-
ever, need not be applied to the allowable stresses for
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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
thickness, it shall be annealed or normalized after
forming.

f1la o d o Tl a b la dvoan o b oo

(c) Pipinglayout, anchors, restraints, guides, and sup-
ports for all types of expansion joints shall be designed
in accordance with para. X301.2 of Appendix X.

321.2.2 Inextensible Supports Other Than Anchors
and Guides °

(a) Supporting elements shall be designed to permit
the free movement of piping caused by thermal expan-
sion and contraction.

(b) Hangers include pipe and beam clamps, clips,

(b) (Gray-duectileand-malleabledronmaybeusedfor
rolleys, roller bases, anchor bases, and other supporting
elements subject chiefly to compressive loading. Gray
iron |s not recommended if the piping may be subject
to impact-type loading resulting from pulsation or vibra-
tion. |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 are not welded directly
to pressure-containing piping components. (Compatible
intermediate materials of known specification may be
welded directly to such components.) Basic allowable
stres§ in tension or compression shall not exceed 82 MPa
(12 ksi) and the support temperature shall be within the
rang¢ of —29°C to 343°C (-20°F to 650°F). For stress
valugs in shear and bearing, see para. 302.3.1(b).

(d)) Wood or other materials may be used for pipe
suppprting elements, provided the supporting element
is prgperly designed, considering temperature, strength;
and ¢lurability.

(e)] Attachments welded or bonded to the piping shall
be offa material compatible with the piping and’service.
For gther requirements, see para. 321.3.2.

321.1.5 Threads. Screw threads-shall conform to
ASME B1.1 unless other threads are required for adjust-
mentiunder heavy loads. Turnbuckles and adjusting nuts
shall|have the full length of'internal threads engaged.
Any threaded adjustment-shall be provided with a lock-
nut, finless locked by, othier means.

321.2 Fixtures

321.2.1 Anchors and Guides
(a)] A supporting element used as an anchor shall be
designed 0 maintain an essentially fixed position.

brackets, rods, straps, chains, and other deyices. They
shall be proportioned for all required lpads. $afe loads
for threaded parts shall be based on the root drea of the
threads.

(c) Sliding Supports. Sliding supports (or shoes) and
brackets shall be designed to-resist the forcps due to
friction in addition to the’loads imposed by bearing.
The dimensions of the.stipport shall provide for the
expected movement 6f-the supported piping.

321.2.3 Resiliént'Supports °

(a) Spring supports shall be designed to exert a sup-
porting forcey at the point of attachment to|the pipe,
equal to the 16ad as determined by weight balahce calcu-
lations.\Fhey shall be provided with means tp prevent
misalignment, buckling, or eccentric loading of the
springs, and to prevent unintentional disengagement of
the load.

(b) Constant-support spring hangers provide a sub-
stantially 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.

(c) Means shall be provided to prevent ovefrstressing
spring hangers due to excessive deflections. It|is recom-
mended that all spring hangers be provided ith posi-
tion indicators.

321.2.4 Counterweight Supports. Countprweights
shall be provided with stops to limit travell Weights
shall be positively secured. Chains, cables |hangers,
rocker arms, or other devices used to attach th¢ counter-
weight load to the piping shall be subject to thie require-
ments of para. 321.2.2.

321.2.5 Hydraulic Supports. An arrangemjent utiliz-

(b)
portions of the system, restraints (such as anchors and
guides) shall be provided where necessary to control
movement or to direct expansion into those portions of
the system that are designed to absorb them. The design,
arrangement, and location of restraints shall ensure that
expansion joint movements occur in the directions for
which the joint is designed. In addition to the other
thermal forces and moments, the effects of friction in
other supports of the system shall be considered in the
design of such anchors and guides.

i ul - 1 - 1 L 1 AN
Toprotecttermmatequipment-orotirer {weaker)

43

ing a hydraulic cylinder may be used to give a constant
supporting force. Safety devices and stops shall be pro-
vided to support the load in case of hydraulic failure.

321.3 Structural Attachments

External 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

® Various types of inextensible (solid) and resilient supports are
illustrated in MSS SP-58.
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thermal gradients in the pipe wall. It is important that
attachments be designed to minimize stress concentra-
tion, particularly in cyclic services.

321.3.1 Nonintegral Attachments. Nonintegral
attachments, in which the reaction between the piping
and the attachment is 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 prevent slippage that the clamp be

tubing systems furnished with instruments as tempera-
ture or pressure responsive devices.

322.3.2 Requirements. Instrument piping shall
meet the applicable requirements of the Code and the
following:

(a) The design pressure and temperature for instru-
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

located below a flange, fitting, or support lugs welded
to the pipe.

321.3.2 Integral Attachments. Integral attachments
include plugs, ears, shoes, plates, trunnions, stanchions,
structura] shapes, and angle clips, cast on or welded to

. 321.1.4(e) for material requirements.] Pre-
elding, and heat treatment requirements shall
be in acdordance with Chapter V. Consideration shall
be given o the localized stresses induced in the piping
componeht by welding the integral attachment, as well
as differential thermal displacement strains between the
attachment and the component to which it is attached.
Welds shhll be proportioned so that the shear stresses
meet the fequirements of para. 302.3.1(b). If the allowed
stress values differ between the piping component and
the attachment material, the lower of the two values
shall be ysed.

(a) Intpgral reinforcement, complete encirclement
reinforcenent, or intermediate pads of suitable alloy
and design may be used to reduce contamination® or
undesiralple heat effects in alloy piping.

(b) Int¢grmediate pads, integral reinforcement, com-
plete encirclement reinforcement, or othefmeans of rein-
may be used to distribute-stresses.

321.4 Structural Connections

The logd from piping and/pipé supporting elements
(including restraints and braces) shall be suitably trans-
mitted to|a pressure vessel, building, platform, support
structurg, foundatioh, or to other piping capable of
bearing [the load without deleterious effects. See
Appendix F, para.F321.4.

PART 6

occasional variations in accordance with para. 802.2.4.

(b) Consideration shall be given to the meéchanical
strength (including fatigue) of small instrument connec-
tions to piping or apparatus (see para.304.3.5).

(c) Instrument piping containingfltids that arg nor-
mally static and subject to freezifig-shall be protected
by heat tracing or other heating/inethods, and insulation.

(d) 1f it will be necessary-to ‘blow down (or Bleed)
instrument piping contajning toxic or flammable fluids,
consideration shall be given to safe disposal.

322.6 Pressure-Relieving Systems

Pressure-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 Valves in Pressure Relief Piping. If
one Or more stop valves are installed between the pliping
being protected and its protective device or devicgs, or
between the protective device or devices and the [point
of discharge, they shall meet the requirements of () and
either (b) or (c), below.

(a) A full-area stop valve may be installed on thg inlet
side of a pressure-relieving device. A full area stop valve
may be placed on the discharge side of a prespure-
relieving device when its discharge is connected to a
common header with other discharge lines from jother
pressure-relieving devices. Stop valves of less thah full
area may be used on both the inlet side and discharge
side of pressure-relieving devices as outlined herein if
the stop valves are of such type and size that the indrease
in pressure drop will not reduce the relieving capacity
below that required, nor adversely affect the pfoper
operation of the pressure-relieving device.

(b) Stop valves to be used in pressure relief piping
shall be so constructed or positively controlled that the
closing of the maximum number of block valves pofsible

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 compo-
nents 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 instruments, or permanently sealed fluid-filled
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at one time will not reduce the pressure-relieving capac-
ity provided by the unaffected relieving devices below
the required relieving capacity.

(c) As an alternative 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
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directly to the atmosphere, discharge shall not impinge
on other piping or equipment and shall be directed away
from platforms and other areas used by personnel. Reac-
tions on the piping system due to actuation of safety
relief devices shall be considered, and adequate strength
shall be provided to withstand these reactions.

322.6.3 Pressure-Relieving Devices

(a) Pressure-relieving devices required by
para._301.2.2(a) shall be in accordance with the BPV

(b) Relief set pressure!! shall be in accordance with
Section VIII, Division 1, with the exceptions stated in
alternatives (1) and (2), below.

(1) With the owner’s approval the set pressure may
exceed the limits in Section VIII, Division 1, provided
that the limit on maximum relieving pressure stated in
(c) below will not be exceeded.

(2) For aliquid thermal expansion relief device that
protects only a blocked-in portion of a piping system,

Codg¢, 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™
and piping system shall be substituted for maximum
allowfible working pressure and vessel, respectively, in these
paragraphs. The required relieving capacity of any
presdure-relieving device shall include consideration of
all piping systems that it protects.

19 The design pressure for pressure relief is the maximum design
presstire permitted, considering all components in the piping
syster.

the set pressure shalt ot exceed the 1es5er of the system
test pressure or 120% of design pressure.

(c) The maximum relieving pressyte'” shall be in
accordance with Section VIII, Divisien 1with the excep-
tion that the allowances in para. 302.24(f) are germitted,
provided that all other requirerhents of para. 302.2.4 are
also met.

' Set pressure is the pressureat which the device begirs to relieve,
e.g., lift pressure of a spring-actuated relief valve, burstihg pressure
of a rupture disk, or breaking pressure of a breaking pin device.

12 Maximum relievifig pressure is the maximum system pressure
during a pressufe relieving event.

45

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Methanex Corp/5975064001
Not for Resale, 06/16/2015 06:19:47 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2014.pdf

ASME B31.3-2014

Chapter Ill
Materials

323 GENERAL REQUIREMENTS

323.2.1 Upper Temperature Limits, Listed

Chaptef III states limitations and required qualifica-
tions for |materials based on their inherent properties.
Their usq in piping is also subject to requirements and
limitatiors in other parts of this Code [see para. 300(d)].
See also|para. 321.1.4 for support materials, and
Append|x F, para. F323, for precautionary
considergtions.

323.1 Mapterials and Specifications

323.1.11 Listed Materials. Any material used in pres-
sure contpining piping components shall conform to a
listed spgcification except as provided in para. 323.1.2.

323.1.2 Unlisted Materials. Unlisted materials may
be used provided they conform to a published specifica-
tion covefing chemistry, physical and mechanical prop-
erties, nmethod and process of manufacture, heat
treatment, and quality control, and otherwise meet/the
requirements of this Code. See also ASME BPVA€ode
Section I, Part D, Appendix 5. Allowable stressés shall
be determined in accordance with the applicable allow-
able stregs basis of this Code or a mere conservative
basis.

323.1.8 Unknown Materials{ Materials of unknown
specificatfon shall not be used) for pressure-containing
piping cqmponents.

323.1{4 Reclaimed Materials. Reclaimed pipe and
other pipling compenents may be used, provided they
are properly identified as conforming to a listed or pub-
lished specification (para. 323.1.1 or 323.1.2) and other-

Materials. A listed material may be used at a temjpera-
ture above the maximum for which a stress‘vallie or
rating is shown, only if

(a) thereisno prohibition in Appendix’A or elsewhere
in the Code

(b) the designer verifies the seryiceability of the mate-
rial in accordance with para. 323.2°4

323.2.2 Lower Temperature Limits, Ljsted
Materials. See Appendix.F para. F323.2.2.

(a) A listed materialimay be used at any tempegature
not lower than the minimum shown in Table A-1} pro-
vided that thedase metal, weld deposits, and heat-
affected zone\(HAZ) are qualified as required bjy the
applicable entry in Column A of Table 323.2.2.

(b) For'carbon steels with a letter designation in the
Minsfemp. column of Table A-1, the minimum temjpera-
ture is defined by the applicable curve and Notes in
Big. 323.2.2A. If a design minimum temperafure—
thickness combination is on or above the curve, ithpact
testing is not required.

(c) A listed material may be used at a tempetature
lower than the minimum shown in Table A}1 or
Fig. 323.2.2A (including Notes), unless prohibited in
Table 323.2.2, Table A-1, or elsewhere in the Codd, and
provided that the base metal, weld deposits, and [HAZ
are qualified as required by the applicable enfry in
Column B of Table 323.2.2.

(d) Figure 323.2.2B provides a further basis fqr the
use of carbon steels covered by paras. 323.2.2(a) and (b),
without impact testing, when all of the following apply:

e not in elevated temperature service
* not expected to experience shock loading or tHer-
mal bowing
 does not contain welds between dissimilar materi-
als (e.g., austenitic welded to ferritic)

wise meetthe Tequirements of this-CodeSufficient
cleaning and inspection shall be made to determine min-
imum wall thickness and freedom from imperfections
that would 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
throughout the operating temperature range.

46

o stress ratio defined in Fig. 323.2.2B is less than one

(1) For design minimum temperatures of —48°C
(-55°F) and above, the lowest temperature without
impact testing (exemption temperature) determined in
para. 323.2.2(b), for the given material and thickness,
may be reduced by the amount of the temperature reduc-
tion provided in Fig. 323.2.2B for the applicable stress
ratio. If the resulting temperature is lower than the
design minimum temperature, impact testing of the
material is not required. Where this is applied, the piping

(14)
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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

(14)

Type of Material

Column A
Design Minimum Temperature at or Above Min. Temp. in Table A-1 or
Fig. 323.2.2A

Column B
Design Minimum Temperature Below
Min. Temp. in Table A-1
or Fig. 323.2.2A

1 Gray iron

A-1 No additional requirements

B-1 No additional requirements

2 Malleable and ductile

ron. tban-ct Lin

A-2 No additional requirements

B-2 Materials designated in Box 2 shall

reot-be-usad

g

accordance with Note (1)

(a) Base Metal

(b) Weld Metal and Heat Affected
Zone (HAZ) [Note (2)]

Other carbon steels, low
and intermediate alloy
steels, high alloy ferritic
steels, duplex stainless
steels

A-3 (a) No additional
requirements

A-3 (b) Weld metal deposits shall be
impact tested in accordance with
para. 323.3 if design min. temp.
< =29°C (-20°F), except as pro-
vided in Notes (3) and (5), and
except as follows: for materials
listed for Curves C and D of
Fig. 323.2.2A, where correspond-
ing welding consumables-are quali-
fied by impact testing.at the
design minimdm temperature or
lower in accerdance with the appli-
cable AWS ‘specification, additional
testing is'not required.

B-3 Except as“provided in |Notes (3)
and (5), heat treat base|metal in
aecordance with applicgble ASTM
specification listed in pgra. 323.3.2;
then impact test base metal, weld
deposits, and HAZ in agcordance
with para. 323.3 [see Npte (2)].
When materials are usefl at design
min. temp. below the agsigned curve
as permitted by Notes (p) and (3) of
Fig. 323.2.2A, weld deppsits and
HAZ shall be impact tested [see
Note (2)].

Listed Materials

4 Austenitic stainless

steels

A-4 (a) If:

(1) carbon content by analysis
> 0.1%; or

(2) material is not in solution
heat treated condition;
then, impact test in accor-
dance with para. 823.3 for
design mif. temp. < —29°C
(~20°F).excépt as provided
in,Notes (3) and (6)

A-4.(b) Weld metal deposits shall be
impact tested in accordance with
para. 323.3 if design min. temp.
< —29°C (-20°F) except as pro-
vided in para. 323.2.2 and in
Notes (3) and (6)

B-4 Base metal and weld fmetal depos-
its shall be impact testdd in accor-
dance with para. 323.3.|See Notes
), (3), and (6).

5 Austenitic ductile iron,

ASTM A571

A-5_(a) No additional
requirements

A-5 (b) Welding is not permitted

B-5 Base metal shall be impact tested
in accordance with paral 323.3. Do
not use < -196°C (-32(¢°F). Welding
is not permitted.

Aluminum, copper,
nickel, and theiralloys;
unalloyed titanjum

A-6 (a) No additional
requirements

A-6 (b) No additional requirements
unless filler metal composition is
outside the range for base metal
composition; then test in accor-
dance with item B-6

B-6 Designer shall be assyred by suit-
able tests [see Note (4)] that base
metal, weld deposits, and HAZ are
suitable at the design njin. temp.

)

8

~

% 7,.An unlisted material shall conform to a published specification. Where composition, heat treatment, and product form are comparablg to those of
= alisted mal»m—ialY rnqniromanfc forthe rnrracpnnrﬁng listed material shall he mat Othor unlisted materials shall hao qlln“ﬁnrl as roqni ed in the
o . .

% applicable section of column B.

2

=)
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Table 323.2.2 Requirements for Low Temperature Toughness Tests for Metals (Cont’d)

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.

@

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

stress ratio defined in Fig. 323.2.2B does not exceed 0.3.

Impact testing is not required if the design minimum temperature is below —29°C (—20°F) but at or above —104°C (-155°F) and the

@)

Tests

tests, cpnducted at or below design minimum temperature. See also para. 323.3.4.

HODS I Py HI ! 41 N tol & HI £ al (e L PPN PN N H £ FRY oL N
gy ttaa e eSSt et O gatiot, STt o te eSSt eRg Tt ot tomPatr e Wit oottt aeisSte—Stengr,ata oot

(5) Impact|tests are not required when the maximum obtainable Charpy specimen has a width along the notch of less than 25 mm
(0.098 |in.). Under these conditions, and where the stress ratio defined in Fig. 323.2.2B exceeds 0.3, the design minimdm tempefature
shall ngt be less than the lower of —48°C (-55°F) or the minimum temperature for the material in Table A-1.
(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.).
system |shall also comply with the following AWS A5.4, A5.9, A5.11, A514, or A5.22! at design mini-
requirempnts: mum temperatures of¢—48°C (-55°F) and higher
-a) The piping shall be subjected to a hydrostatic . . .
( p1p % . ject y 323.2.3 Tempeftature Limits, Unlisted Materials| An
test at nq less than 17% times the design pressure. . .
.. . . . unlisted material)acceptable under para. 323.1.2,|shall
(-b) Except for piping with a nominal wall thick-

ness of 1B mm (1/2 in.) or less, the piping system shall
be safegyarded (see Appendix G) from external loads
such as rhaintenance loads, impact loads, and thermal
shock.

(2) Hor design minimum temperatures lower than
—48°C (-p5°F), impact testing is required for all materi-
als, excepjt as provided by Note (3) of Table 323.2.2.

(e) The allowable stress or component rating at any
temperatpire below the minimum shown in Table ;A-1
or Fig. 33.2.2A shall not exceed the stress(value or
rating at the minimum temperature in Table' A-1 or the
componeht standard.

(f) Impact testing is not required-for/the following
combinations of weld metals and‘design minimum
temperatpires:

(1) for austenitic stainless-steel base materials hav-
ing a carljon content not exceeding 0.10%, welded with-
out filler| metal, at desigh-minimum temperatures of
-101°C (150°F) and higher

(2) for austenitic weld metal

(-a) having.a’carbon content not exceeding 0.10%,
and producded* with filler metals conforming to
AWS A5.4,'"5.9, A5.11, A5.14, or A5.22! at design mini-

be qualified for service at all temperatures within a
stated range, from design minimum temperatyre to
design.maximum temperature, in accordance|with
parax(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 temjpera-
ture for which stress values appear in Appendix 4, the
designer is responsible for demonstrating the validity
of the allowable stresses and other limits used in design
and of the approach taken in using the material, includ-
ing the 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
material and the intended service conditions. Factprs to
be considered include
(1) applicability and reliability of the data,
cially for extremes of the temperature range
(2) resistance of the material to deleterious gffects
of the fluid service and of the environment throughout
the temperature range

espe-

mum temperatures of —101°C (-150°F) and higher, or
(-b) having a carbon content exceeding 0.10%,
and produced with filler metals conforming to

! Titles of referenced AWS standards are as follows: AWS A5.4,
Stainless Steel Electrodes for Shielded Metal Arc Welding;
AWS A5.9, Bare Stainless Steel Welding Electrodes and Rods;
AWS A5.11, Nickel and Nickel Alloy Welding Electrodes for
Shielded Metal Arc Welding; AWS A5.14, Nickel and Nickel Alloy
Bare Welding Electrodes and Rods; and AWS A5.22, Flux Cored
Corrosion-Resisting Chromium and Chromium-Nickel Steel
Electrodes.

48

(3) determination of allowable stresses in accor-
dance with para. 302.3

323.3 Impact Testing Methods and Acceptance
Criteria

323.3.1 General. When impact testing is required
by Table 323.2.2, provisions elsewhere in this Code, or
the engineering design, it shall be done in accordance
with Table 323.3.1 using the testing methods and accept-
ance criteria described in paras. 323.3.2 through 323.3.5.
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Fig. 323.2.2A Minimum Temperatures Without Impact Testing for Carbon Steel Materials
(See Table A-1 for Designated Curve for a Listed Material; see Table 323.2.2A for Tabular Values)
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(3) THe follewing materials may be used in accordance with Curve D if normalized:

@) ~ASTM A516 plate, all grades

(b) ASTM A671 pipe made from A516 plate, all grades

—
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y carbon stéet"material may be used to a minimum temperature of —29°C (-20°F) for Category D Fluid Service.
Grades of APY 5L, and ASTM A381 materials, may be used in accordance with Curve B if normalized or quenched and tem
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Design Minimum Temperature, °F

pered.

(c) ASTM A672 pipe made from A516 plate, all grades
(4) A welding procedure for the manufacture of pipe or components shall include impact testing of welds and HAZ for any design

minimum temperature below —29°C (-20°F), except as provided in Table 323.2.2, A-3(b).

(5) Impact testing in accordance with para. 323.3 is required for any design minimum temperature below —48°C (-55°F), except as

permitted by Note (3) in Table 323.2.2.

(6) For blind flanges and blanks, T shall be Y, of the flange thickness.
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ASME B31.3-2014

Tabular Values for Minimum Temperatures Without Impact Testing for Carbon Steel

Materials (See Fig. 323.2.2A for Curves and Applicable Notes)

Lowest Exemption Temperature

Nominal _
Thickness, T Curve A Curve B Curve C
[Note (6)] [Note (2)] [Note (3)] [Note (3)] Curve D

mm in. °C °F °C °F °C °F °C °F

6.4 0.25 =94 5 =789 =20 =483 =55 =483 -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 =55
11.1 0.4375 -6.7 20 -28.9 -20 -41.7 -43 -48.3 =55
12.7 0.5 -1.1 30 -28.9 -20 -37.8 -36 —48.3 =55
14.3 0.5625 2.8 37 -21.7 -7 -35.0 -31 -45.6 -50
15.9 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 -41.7 -43
19.1 0.75 11.7 53 -9.4 15 -27.2 =17 -40.0 -40
20.6 0.8125 14.4 58 -6.7 20 -25.0 -13 -38.3 -37
22.2 0.875 16.7 62 -3.9 25 -23.3 -10 -36.7 -34
23.8 0.9375 18.3 65 -1.7 29 =21 -7 -35.6 -32
25.4 1.0 20.0 68 0.6 33 =194 -3 -34.4 -30
27.0 1.0625 22.2 72 2.2 36 -18.3 -1 -33.3 -28
28.6 1.125 23.9 75 3.9 39 -16.7 2 -32.2 -26
30.2 1.1875 25.0 77 5.6 42 -15.6 4 -30.6 -23
31.8 1.25 26.7 80 6.7 A4 -14.4 6 -29.4 =21
33.3 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 -18
36.5 1.4375 30.0 86 9.4 49 -11.1 12 -26.7 -16
38.1 1.5 31.1 88 106 51 -10.0 14 -25.6 =14
39.7 1.5625 32.2 90 11.7 53 -8.9 16 -25.0 -13
41.3 1.625 33.3 92 12.8 55 -8.3 17 -23.9 -11
42.9 1.6875 33.9 93 13.9 57 -7.2 19 -23.3 -10
44.5 1.75 34.4 94 14.4 58 -6.7 20 -22.2 -8
46.0 1.8125 35.6 96 15.0 59 -5.6 22 -21.7 -7
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 -5
50.8 2.0 37.2 99 17.2 63 -3.3 26 -20.0 -4
51.6 2.0325 37.8 100 17.8 64 -2.8 27 -19.4 -3
54.0 2.125 38.3 101 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 0
58.7 2.3125 39.4 103 20.0 68 -0.6 31 -17.2 1
60.3 2.375 40.0 104 20.6 69 0.0 32 -16.7 2
61.9 2.4375 40.6 105 21.1 70 0.6 33 -16.1 3
63.5 2.5 40.6 105 21.7 71 1.1 34 —15.6 4
65.1 2.5625 41.1 106 21.7 71 1.7 35 -15.0 5
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 23.9 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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Fig. 323.2.2B Reduction in Lowest Exemption Temperature Without Impact Testing (14)
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Temperature Reduction, °C

GENERAL NOTES:

(@) THe stress ratio is.defined as the maximum of the following:

1) circumferential/pressure stress for the condition under consideration (based on minimum pipe wall thickness less allowances)

dividedsby.the basic allowable stress at the condition under consideration.

D) for pipihg’components with pressure ratings, the pressure for the condition under consideration divided by the pressufe rating at
the_condition under consideration.

B)combined stress due to pressure, dead loads, live loads, and displacement strain for the condition under consideratiofi divided
by the basic allowahle stress at the condition under consideration In calculating this combined stress_the forces and Imoments
in the piping system for these combined sustained loads and displacement strains shall be calculated using nominal dimensions,
and the stresses shall be calculated using egs. (23a) through (23d) with all of the stress indices taken as 1.0 (I, = I; = I, =
Iy = 1.0) and using section properties based on the nominal dimensions less corrosion, erosion, and mechanical allowances.
Also see Appendix F, para. F323.2.2.

(b) The stress ratio may be interpolated within the range 0.3 to 1.0.
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Table 323.3.1

Impact Testing Requirements for Metals

Test

Column A
Materials Tested by the Manufacturer [Note (1)]
or Those in Table 323.2.2 Requiring Impact Tests

Column B
Materials Not Tested by the Manufacturer or
Those Tested But Heat Treated During or After

Chgractertstits

onty onm Wetds

rabrication

Tests on Welds in Fabrication or Assembly

pieces need not be made from each“lot, nor
from material for each job, provided that
welds have been tested as réquired by Sec-
tion 4 above, for the same type and grade
of material (or for the same P-Number and
Group Number in BP\/.Code, Section IX),
and of the samesthickness range, and that
records of the(tests are made available

w | Number of A-1 The greater of the number required by B-1 The number required by the applicablé
© tpsts (@) the material specification or specification listed in para. 323.3.2 [Note (2)]
g (b) the applicable specification listed in
g para. 323.3.2 [Note (2)]
§ Locption and orientation | 2 As required by the applicable specification listed in para. 323.3.2.
*5 df specimens
= Tesfs by A-3 The manufacturer B-3 The fabricator, ot eréctor
Tes} piece for prepara- 4 One required for each welding procedure, for each type of filler metal(i.e., AWS E-XXXX classificgtion),
tlon of impact and for each flux to be used. Test pieces shall be subjected to\essentially the same heat treafment
sjpecimens (including time at temperature or temperatures and cooling-ate) as the erected piping will have
received.
Number of test pieces A-5 B<5
[Note (3)] (@) One piece, thickness T, for each range of (@) One piece from each lot of material inJeach
material thickness from 7/2 to T+ 6 mm specification and grade including heat|treat-
Y, in) ment [Note (4)] unless
(b) Unless required by the engineering design, (b) Materials are qualified by the fabricatdr or

erector as specified in items B-1 and 2
above, in which case the requirementg
item A-5 apply

of

Locgtion and orientation | 6
df specimens (@) Weld metal: across the weld, with notch in the weld metal; notch axis shall be normal to material
surface,with one face of specimen < 1.5 mm (% in.) from the material surface.

(b) Heat-affected zone (HAZ): across the weld and long enough to locate notch in the HAZ aftelf etch-
ing; notch axis shall be approximately normal to material surface and shall include as much as
possible of the HAZ in the fracture.

Tesfs by Z"The fabricator or erector

NOTES:

(1) A certifled report of impact tests performed (after being appropriately heat treated as required by Table 323.2.2, item B-3) by thg man-
ufacturer shall be“obtained as evidence that the material (including any welds used in its manufacture) meets the requirements ¢f this
Code apd that

(@) the tests'were conducted on specimens representative of the material delivered to and used by the fabricator or erector, o
(b) the\tests were conducted on specimens removed from test pieces of the material which received heat treatment separately in
the santeTanmer a5 the matertat (mctudmg eat treatment by e manufacturer) 50 as 10 De Tepresentative of the fmistied pipng

(2) If welding is used in manufacture, fabrication, or erection, tests of the HAZ will suffice for the tests of the base material.

)

The test piece shall be large enough to permit preparing three specimens from the weld metal and three from the HAZ (if required) in

accordance with para. 323.3. If this is not possible, preparation of additional test pieces is required.

O]

tion applicable to the product term (i.e., plate, pipe, etc.) listed in para. 323.3.2.
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323.3.2 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 material

Table 323.3.4 Charpy Impact Test
Temperature Reduction

Actual
Material Thickness

forms that are represented by the ASTM specifications [See Para. 323.3.4(b)] Temperature
listed below, impact tests shall be conducted in confor- or Charpy Impact Reduction
mance with those requirements as well. When conflicts Specimen Width Below Design
exist between the specific requirements of this Code and Along the Notch Minimum
the requirements of those specifications, the require- [Note (1)] Temperature
mentsof this-Code shatttake precederce: fiif H 2€ °F
Product Form ASTM Spec. No. 10 (full size 0.394 0 0
Pipe A333 standard bar)
Tube A334 9 0.354 0 0
Fittings A420 8 0.315 0 0
Forgings A350 5,
Castings A352 7.5 (7/, size bar) 0.295 2.8 5
Bolting A320 7 . 0.276 44 8
Plate A20 6.67 (*/3 size bar) 0.262 5.6 10
GENHRAL NOTE: Titles of referenced standards not listed in the 6 L 0.236 8.3 15
Speciffications Index for Appendix A are A20 General Requirements 5 (/ size bar) 0.197 11.1 20
for Steel Plates for Pressure Vessels and A370 Test Methods and 4 0.157 16.7 30
Definftions for Mechanical Testing of Steel Products. 3.33 (Y size’ban 0.131 19.4 35
323.3.3 Test Specimens. Each set of impact test 3 R 0.118 22.2 40
specjmens shall consist of three specimen bars. All 25 (/usize ban 0.098 278 >0
Imp4ct tests shall be made using standard 10.mm GENERAL NOTE:  These temperature reduction criteria o not apply
(0.39¢ in.) square cross section Charpy V-notch specimen when Table 323.3.5 specifies lateral expansion for minimlim required

bars,[except when the material shape or thickness does
not germit. Charpy impact tests may be performed on
specimens of full material thickness, which may-be
maclfined to remove surface irregularities. Alternatively,
such|material may be reduced in thickness to\produce
the lprgest possible Charpy subsize specimen. See
Tablq 323.3.4.

323.3.4 Test Temperatures. ForalhCharpy impact
tests the test temperature criteria(in)para. 323.3.4(a) or
(b) shall be observed. The test spedimens, as well as the
handlling tongs, shall be cooléd for a sufficient length of

values.
NOTE:

(1) Straight line interpolation for intermediate values is| permitted.

be conducted at a temperature lower than the design
minimum temperature by an amount equal to the differ-
ence (referring to Table 323.3.4) between the temnperature
reduction corresponding to the actual materialfthickness
and the temperature reduction corresponding to the
Charpy specimen width actually tested.

time [to reach the test temperature. 323.3.5 Acceptance Criteria

(a)| For Materials of Thickness Equal to or Greater Than (a) Minimum Energy Requirements. Except fpr bolting
10 min (0.394 in.). Where the largest attainable Charpy = materials, the applicable minimum energy requirement
V-nojch specimen’has a width along the notch of atleast ~ for carbon and low alloy steels with specified minimum
8 mnp (0.315 in9;the Charpy test using such a specimen tensile strengths less than 656 MPa (95 ksi) shall be those

possiblestest specimen has a width along the notch less
than ”
lower than the design minimum temperature by the
amount shown in Table 323.3.4 for that specimen width.
(b) For Materials With Thickness Less Than 10 mm
(0.394 in.). Where the largest attainable Charpy V-notch
specimen has a width along the notch of at least 80%
of the material thickness, the Charpy test of such a speci-
men shall be conducted at a temperature not higher than
the design minimum temperature. Where the largest
possible test specimen has a width along the notch of
less than 80% of the material thickness, the test shall

53

shown in Table 323.3.5.

(b) Lateral Expansion Requirements. Other cdrbon and
low alloy steels having specified minimun tensile
5 ksi), all
bolting materials, and all high alloy steels (P-Nos. 6, 7,
and 8) shall have a lateral expansion opposite the notch
of not less than 0.38 mm (0.015 in.) 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 energy values
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Table 323.3.5 Minimum Required Charpy V-Notch Impact Values

Energy [Note (2)]
Other Than Fully

Fully Deoxidized

Specified Minimum No. of Specimens Steels Deoxidized Steels
Tensile Strength [Note (1)] Joules ft-lbf Joules ft-lbf
(a) Carbon and Low Alloy Steels
448 MPa (65 ksi) and less Average for 3 specimens 18 13 14 10
Minimum for 1 cpnrimnn 14 10 10 7
Over 448 t¢ 517 MPa (75 ksi) Average for 3 specimens 20 15 18 13
Minimum for 1 specimen 16 12 14 10
Over 517 blut not incl. 656 MPa (95 ksi) Average for 3 specimens 27 20
Minimum for 1 specimen 20 15

656 MPa and over [Note (3)]

(b) Steels ip P-Nos. 6, 7, and 8

Minimum for 3 specimens

Minimum for 3 specimens

Lateral’Expansion

0-38:mm (0.015 in.)

0.38 mm (0.015 in.)

NOTES:
(1) See pafa. 323.3.5(d) for permissible retests.

(2) Energy
actual

alues in this Table are for standard size specimens. For subsize specimens, these values shall be multiplied by the ratio |of the
pecimen 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 impdct requirements of ASTM A320 may be applied. For

bolting|over M 52, requirements of this Table shall apply.

are joinedl by welding, the impact test energy require-
ments shiall conform to the requirements of the base
material having a specified minimum tensile strehgth
most clogely matching the specified minimum‘tensile
strength of the weld metal.
(d) Retpsts

(1) Hor Absorbed Energy Criteria. When the average
value of the three specimens equals ot éxceeds the mini-
mum value permitted for a single) specimen and the
value for jmore than one specimen is below the required
average Value, or when the\value for one specimen is
below th¢ minimum value permitted for a single speci-
men, a r¢test of threggdditional specimens shall be
made. Thie value for-each of these retest specimens shall
equal or pxceed herequired average value.

(2) Hor Lateral Expansion Criterion. If the value of
lateral exjpansion for one specimen in a group of three

each of the specimens must equal or exceed the spefified
minimum value of 0.38 mm (0.015 in.).

(3) For Erratic Test Results. When an erratic fesult
is caused by a defective specimen or there is uncerfainty
in the test procedure, a retest will be allowed.

323.4 Fluid Service Requirements for Materials

323.4.1 General. Requirements in para. 323.4 apply
to pressure-containing parts. They do not apply to nate-
rials used for supports, gaskets, packing, or bolting. See
also Appendix F, para. F323.4.

323.4.2 Specific Requirements
(a) Ductile Iron. Ductileiron shall not be used for|pres-
sure containing parts at temperatures below 429°C

(—20°F) (except austenitic ductile iron) or above $43°C
( ARDOF) g to

Austenitic ductile iron conformi

is below "9:38mm(6-:6451m)but ot betow 8251
(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 which must
equal or exceed the specified minimum value of 0.38 mm
(0.015 in.). In the case of heat treated materials, if the
required values are not obtained in the retest or if the
values in the initial test are below 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

ASTM A571 may be used at temperatures below —29°C
(-20°F) down to the temperature of the impact test con-
ducted 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
requirements of ASME B16.42 and additional require-
ments of ASME B16.34 Standard Class, API 594, AP1599,
or API1609 may be used within the pressure-temperature
ratings given in ASME B16.42.
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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 pro-
vided against excessive heat and thermal shock and
mechanical shock and abuse, they may be used in other
services subject to the following requirements.

(1) Gray iron shall not be used above ground within

been shear tested and meets all shear test requirements
of the applicable 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 stress used for the cladding portion of the
design thickness shall never be greater than the allow-
able stress used for the base portion.

(b) For all other metallic clad or lined piping compo-

Pprocdss tmit imits in hydrocarbon or other Hamimable
fluid|service at temperatures above 149°C (300°F) nor
at gage pressures above 1035 kPa (150 psi). In other
locatjons the pressure limit shall be 2 760 kPa (400 psi).
2) Malleable iron shall not be used in any fluid
servife at temperatures below —29°C (-20°F) or above
343°C (650°F) and shall not be used in flammable fluid
servife at temperatures above 149°C (300°F) nor at gage
presdqures above 2 760 kPa (400 psi).

3) High silicon iron (14.5% Si) shall not be used in
ﬂamrable fluid service. The manufacturer should be
constilted for pressure—temperature ratings and for pre-
cautipnary measures when using this material.

(c)| Other Materials
1) If welding or thermal cutting is performed on

alun%:num castings, the stress values in Appendix A and

component ratings listed in Table 326.1 are not applica-
ble. It is the designer’s responsibility to establish such
stresges and ratings consistent with the requirements of
this Code.

2) Lead and tin and their alloys shall not be ‘used
in flgmmable fluid services.

323.4.3 Cladding and Lining Materials. > Materials
with|metallic cladding or metallic lining, may be used
in acfordance with the following previsions:

(a)| If piping components are-made from integrally

TIeTts, the base metat sttt beamracceptabie Cpde mate-
rial as defined in para. 323.1 and the thicknégs used in
pressure design in accordance with pafay 304 shall not
include the thickness of the cladding/or lifing. The
allowable stress used shall be that for the bpse metal
at the design temperature. For»such components, the
cladding or lining may be anydnaterial that, ir| the judg-
ment of the user, is suitableder the intended sdrvice and
for the method of manufacture and assemily of the
piping component.

(c) Except for components designed in adcordance
with provisions of para. 323 4.3(a), fluid servide require-
ments for m@terials stated in this Code shall not restrict
their use‘as cladding or lining in pipe or othgr compo-
nents. Fluid service requirements for the outef material
(incltiding those for components and joints) shdll govern,
exgept that temperature limitations of both jnner and
outer materials, and of any bond between them, shall
be considered.

(d) Fabrication by welding of clad or ling
components and the inspection and testing of guch com-
ponents shall be done in accordance with gpplicable
provisions of the BPV Code, Section VIII, Division 1,
UCL-30 through UCL-52, or the provisions of Chapters V
and VI of this Code, whichever are more strihgent.

d piping

323.5 Deterioration of Materials in Service

clad plate conforming to Selection of material to resist deterioration fn service
1) ASTM A263, Corrosien-Resisting Chromium is not within the scope of this Code. See para.|300(c)(6).
Steel|Clad Plate, Sheet, and-Strip Recommendations based on experience are presented
2) ASTM A264,Staihless Chromium-Nickel Steel ~ for guidance in Appendix F, para. F323.
Clad|Plate, Sheet, and-Strip
3) ASTM A265, Nickel and Nickel-Base AlloyClad 325 MATERIALS — MISCELLANEOUS
Plate}, Sheet, and Strip L. . .
325.1 Joining and Auxiliary Materials
Thern pressure design in accordance with rules in When selecting materials such as adhesives| cements,
para|304 may be based upon the total thickness of base solvents, solders, brazing materials, pacling, and

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
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O-rings for making or sealing joints, the designer shall
consider their suitability for the fluid service. (Consider-
ation 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

326 DIMENSIONS AND RATINGS OF

requirements of applicable standards liste

MPONENTS

C(]
326.1 Dimensional Requirements

326.1

1 Listed Piping Components. Dimensional

standards' for piping components are listed in
Table 32¢.1. Dimensional requirements contained in
specifications listed in Appendix A shall also be consid-

ered reqy

326.1

irements of this Code.

2 Unlisted Piping Components. Piping com-

ponents not listed in Table 326.1 or Appendix A shall

meet the
para. 302
described

326.1.
tion threg
ponent s

Tt is not
throughou
along with|
are shown

pressure design requirements described in
2.3 and the mechanical strength requirements
in para. 302.5.

B Threads. The dimensions of piping connec-

ds not otherwise covered by a governing com-
andard or specification shall conform to the

practical to refer to a specific edition of each standard

the Code text. Instead, the approved edition references;
the names and address of sponsoring organizations;
in Appendix E.

Table 326.1 or Appendix A.

326.2 Ratings of Components

326.2.1 Listed Components. The"presd
temperature ratings of components listed in Table
are accepted for pressure designyin)accordance
para. 303.

326.2.2 Unlisted Components. The press
temperature ratings of unlisted piping componentg
conform to the applicable provisions of para. 304

326.3 ReferenceDocuments

The documents listed in Table 326.1 contain refer
to codes, standards, and specifications not list
Table 326.1.)Such unlisted codes, standards, and s
cationsgshall be used only in the context of the
documents in which they appear.

d in

ure—
326.1
with

ure—
shall

ences
ed in
ecifi-
isted

The design, materials, fabrication, assembly, exainina-

tion, inspection, and testing requirements of this
are not applicable to components manufactured in g
dance with the documents listed in Table 326.1, y
specifically stated in this Code, or the listed docu

Code
ccor-
nless
ment.
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Table 326.1 Component Standards (14)
Standard or Specification Designation

Bolting
Square and Hex Bolts and Screws (INch Series) . . . . .o ittt e e e e e e e e e e e ASME B18.2.1
Square and Hex Nuts (INCh Series). . . . v it i e e e e e et et et e e e e e e e e e ASME B18.2.2
Metallic Fittings, Valves, and Flanges
Gray Iron Pipe Flanges and Flanged Fittings . . . . . . . .. . o it e e ASME B16.1
Mallegble Iron Threaded Fittings . . . . . o ot ittt e et et e et et ettt et ettt et eenenenn A9ME B16.3
Gray Ifon Threaded Fittings. . . . . . . .. i e e e A9ME B16.4
Pipe Hanges and Flanged Fittings . . . . .. o it i i et et e e e e e e A9ME B16.5
Factorj-Made Wrought Steel Buttwelding Fittings . . . . . ... .. i e e et e A9ME B16.9
Face-tp-Face and End-To-End Dimensions of Valves . . . . . . . .. e ASNIE B16.10
Forged Fittings, Socket-Welding and Threaded . . . . ... ... . ... it et i N ASNIE B16.11
Ferrouk Pipe Plugs, Bushings, and Locknuts With Pipe Threads . . .. ... ... . it el ASNIE B16.14
Cast Bronze Threaded Fittings, Class 125 and 250 [Note (1)] . . . . v oottt i i et e et e e e e VL ASNIE B16.15
Cast Jopper Alloy Solder Joint Pressure Fittings . .. ... ... i it i i 0L ASNIE B16.18
Wrought Copper and Copper Alloy Solder Joint Pressure Fittings . .. ....... .. ... .. .. .. . . maS .. .. .. .. ASNIE B16.22
Cast (opper Alloy Pipe Flanges and Flanged Fittings: Classes 150, 300, 600, 900, 1500, and 2500« . . ... ... .. ASNIE B16.24
Cast Jopper Alloy Fittings for Flared Copper Tubes . ... ... ... i Gl ASNIE B16.26
Valved-Flanged, Threaded, and Welding End. . . . . . ... ... i )0 ASNIE B16.34
Orificg Flanges, Class 300, 600, 900, 1500, and 2500. . . . . . . . vt v i i i i e NS e ASNIE B16.36
Mallegble Iron Threaded Pipe Unions, Class 150, 250, and 300 . ... ... .o vi i vm N i it et e e e e ASNIE B16.39
Ductilg¢ Iron Pipe Flanges and Flanged Fittings, Class 150 and 300. . . . . . .. .o oo M vt ittt ettt et e et ASNIE B16.42
Large Piameter Steel Flanges, NPS 26 Through NPS 60 . . . . . . ... .t e e ASNIE B16.47
Steel fine Blanks . . . ... A Y ASNIE B16.48
Brazing Joints for Copper and Copper Alloy Pressure Fittings. . .. .. ... (0. oo oo ASNIE B16.50
Bioprdcessing Equipment [Note (2)] . . . o oo v it BN e ASME BPE
Pipelime Valves [Note (3)]. . . v o vt i ittt e e e e e e T e APl 6D
Flangdd Steel Pressure-Relief Valves. . . . . . ... AN e e e e API 526
Check|Valves: Flanged, Lug, Wafer and Butt-welding . . . . . .o oot oot i i e e e e API 594
Metal |Plug Valves—Flanged, Threaded, and Welding Ends. . 8.7 . . . oo ittt e e e e e et e e e API 599
Bolted Bonnet Steel Gate Valves for Petroleum and Natural®Gas Industries . . .. ... ... ... . . ... API 600
Steel fate, Globe, and Check Valves for Sizes DN 100.,and Smaller for the Petroleum and Natural Gas Industries. . . . APl 602
Corrodion-Resistant, Bolted Bonnet Gate Valves — Flanged and Butt-Welding Ends . . . ... ... ... ... .. ... .... API 603
Metal [Ball Valves-Flanged, Threaded, and Welding End . . .. . .. .. i i i e et et e API 608
Butterfly Valves: Double-flanged, Lug- and Wafertype . . . . ... . e API 609
Ductilg-Iron and Gray-Iron Fittings, 3 In¢h Through 48 Inch (75 mm Through 1200 mm), for Water and Other

LIgUIAS . .t e e e e e e e e e e e e e e e e e e AWWA C110
Flangdd Ductile-Iron Pipe with Dutctilesfron or Gray-lron Threaded Flanges . .. .. ... ... i AthA C115
Steel Pipe Flanges for Waterwarks-Service, Sizes 4 inch Through 144 inch (100 mm Through 3,600 mm) .. ....... AWWA C207
Dimensions for Fabricated SteeWater Pipe Fittings. . . . . . o oo i it i e e e e e AWWA C208
Metal{Seated Gate Valves for Water Supply Service. . . . . ... . e AWWA C500
Rubbdr-Seated ButterflyValves . . . . .. i e e e e e e e AWWA C504
Standgrd Finishes for Contact Faces of Pipe Flanges and Connecting-End Flanges of Valves and Fittings . . .. ...... MSS SP-6
Spot Hacing foftBranze, Iron and Steel Flanges. . . . . . . vttt i it i e e e e e MSS SP-9
Standard Marking Systems for Valves, Fittings, Flanges, and Unions. . . .. .. ... .. . . .. ISS SP-25
Class [L50 (PN 20) Corrosion Re5|stant Gate Globe, Angle and Check Valves With Flanged and Butt Weld Ends ..... \SS SP-42
Wrough ol Butt-Weld stnclud oference to Other Corrosion Resista ote SS SP-43
Steel P|pel|ne Flanges ................................................................ MSS SP-44
Bypass and Drain Connections . . . . .. .. it e e MSS SP-45
Class 150LW Corrosion Resistant Flanges and Cast Flanged Fittings . ... ...... ... ... .. . ..., MSS SP-51
High Pressure Chemical Industry Flanges and Threaded Stubs for Use with Lens Gaskets. .. ................. MSS SP-65
Gray Iron Gate Valves, Flanged and Threaded Ends. . . . . . ... it e e e e e e MSS SP-70
Gray Iron Swing Check Valves, Flanged and Threaded Ends. . . . . .. ... i i e MSS SP-71
Ball Valves With Flanged or Buttwelding Ends for General Service . . ... .. ... . i MSS SP-72
Specifications for High Test Wrought Buttwelding Fittings. . . . . . .. . . i e e e e MSS SP-75
Gray Iron Plug Valves, Flanged and Threaded Ends . . . . . . ... ottt e e e e e MSS SP-78
Socket-Welding RedUCer INSeItS . . . . o i v et et e e e e et e e e e e e e e MSS SP-79
Bronze Gate, Globe, Angle and Check Valves . . . . . .. . i i e et e e e e MSS SP-80
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Table 326.1 Component Standards (Cont‘d)

Standard or Specification Designation

Metallic Fittings, Valves, and Flanges (Cont’d)
Stainless Steel, Bonnetless, Flanged, Knife Gate Valves . . . . .. ... . i it e e e MSS SP-81
Class 3000 Steel Pipe Unions, Socket-Welding and Threaded . . .. ... ... . ittt it i MSS SP-83
Gray Iron Globe and Angle Valves, Flanged and Threaded Ends. . . . . ... .. . . it MSS SP-85
Diaphragm Type Valves . . . o oottt e i it e e e e e e e e e e e e MSS SP-88
Swage(d) Nipples and BUll PlUgS . . . . o o ottt et et e e e e e e e MSS SP-95
Integrally Reinforced Forged Branch Qutlet Fittings — Socket Welding, Threaded, and Buttwelding Fnds, MSS SP-97
Instrument [Valves for Code Applications . . . . . . . o e MSS{SH-105
Cast Coppef Alloy Flanges and Flanged Fittings Class 125, 150, and 300 . . . ... .. ..ttt in e enenn.. MSS,'SH-106
Factory-Made Wrought Belled End Socket Welding Fittings [Note (5)] . . .. ..ot v it i i e MSS SHR-119
Refrigeratioh Tube Fittings — General Specifications. . . . . . . .. . e SAE|513
Hydraulic THbe Fittings. . . . . o ot e e e e e e e e e e e e e e e SAE()514
Hydraulic Flanged Tube, Pipe, and Hose Connections, Four-Bolt Split Flanged Type . . . .. ... ... ... .. ... /. SAE|518
Metallic Pige and Tubes [Note (6)]
Welded ang Seamless Wrought Steel Pipe. . .. ... ... . . i S ASME B36]/10M
Stainless Sfeel Pipe . . . oot e e T ASME B36]19M
Flanged Dutftile-Iron Pipe with Ductile-Iron or Gray-lron Threaded Flanges . . .. ... ... .. .. . AN ... AWWA (115
Thickness Design of Ductile-lron Pipe . . . .. ..o e T AWWA {150
Ductile-lron| Pipe, Centrifugally Cast, forWater . . . ... .. .. .. . . i N AWWA (151
Steel Watel Pipe 6 inches (150 mm) and Larger. . ... ... .vvvinenene . LY i AWWA {200
Miscellanequs
Unified Inch Screw Threads (UN and UNR Thread Form) . . .. ... ... o iumtl i e i ASME [B1.1
Pipe Threads, General Purpose (Inch) . . . . ... i e ASME B1J20.1
Dryseal Pipp Threads (Inch) . . ... ..ot ASME B1J20.3
Hose Coupling Screw Threads (Inch). . . .. ... ... ... .. .. .. . .00 ASME B1J20.7
Metallic Gapkets for Pipe Flanges — Ring: Joint, Spiral Wound, and Jatketed . ... ... ... ... .. ... ... .. .... ASME B16.20
Nonmetalli¢ Flat Gaskets for Pipe Flanges . . . . . .. ... i %O i e e e e e e ASME B16.21
Buttwelding Ends . . . . .. ... n e e e ASME B16.25
Surface Texture (Surface Roughness, Waviness, and Lay) .o 0. . oo o e ASME HB46.1
Thermowells [Note (7)]. .« . v v oo v oot g e ASME PTC 19.B TW
Specificatign for Threading, Gaging and Thread Inspection of Casing, Tubing, and Line Pipe Threads . . .......... API 5B
Rubber Gagket Joints for Ductile-Iron Pressure Pipesand Fittings. . . . . . . ... . i e AWWA (111
Grooved and Shouldered Joints [Note (8)] . ./l o v ot i it e e e e e AWWA {606
Flexible Mefal Hose [Notes (9) and (10)] .« =2« o vt it e e e e e e e e e et e e e e BS 6501, Part 1
Pipe Hangefs and Supports — Materials,\Design, and Manufacture. . . .. ........ ... .. .. .. .. . ... MSS 9pP-58
Standard fqr Fire Hose Connections . b d . . o o ottt e e e e e e e NFPA 1963
GENERAL NPTES:
(@ Itis rot practical to refefto a specific edition of each standard throughout the Code text. Instead, the approved edition referentes,

along|with the names.and addresses of the sponsoring organizations, are shown in Appendix E.
(b)  Many|of the listéd standards allow the use of unlisted materials; see para. 323.1.2.
. NOTES:
(1) This qtandard allows straight pipe threads in sizes < DN 15 (NPS Y,); see para. 314.2.1(d).

(2) Part (]
proce

T of" ASME BPE covers dimensions and tolerances for stainless steel automatic welding and hygienic clamp tube fittings apd

SS components.

(3) API 6D allows design and calculations for pressure-containing elements to be in accordance with various internationally recognized
design codes or standards. Only APl 6D valves with design and calculations for pressure-containing elements in accordance with
ASME B16.34 are considered a “listed component” for the purpose of this Code.

(4)  Cautionary Note: See MSS SP-43 (Section 3) for specific pressure-temperature ratings of available thicknesses of Class CR fittings.
The ratings for MSS SP-43 fittings cannot be calculated based on straight seamless pipe such as is done, for example, for

ASME

Copyright ASME International

B16.9 buttwelding fittings.
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Table 326.1 Component Standards (Cont‘d) (14)

NOTES (Cont‘d):

)

O]
@)

®

©

(10)

Copyright ASME International

MSS SP-119 includes three classes of fittings: MP, MARINE, and CR. Only the MP class fittings are considered a “Listed Component”
for the purpose of this Code. Cautionary Note: See MSS SP-119 (Section 6) for special provisions concerning 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 thickness.)

See also Appendix A.
ASME PTC 19.3 TW allows mechanical design of thermowells to be in accordance with various design codes. Only PTC 19.3 TW

thermowells with design and calculations for pressure-containing elements in accordance with ASME B31.3 are considered a “listed
fibic Cod

moaanantl faor th PETI- V-0
emperert—fer-thepurpese—of-this
For use with this Code, the rated pressure of components covered by this standard shall be based on no greater than anefthird the
hydrostatic test failure pressure (the pressure at fracture or leakage), rather than one-half the hydrostatic test failure presdure
pecified in AWWA C606.

Welding and brazing to be in accordance with paras. 328 and 333, respectively in lieu of the referenced spedcifications in

tandard.
[his standard contains recommended materials of construction for certain chemical services; the responsibility for the ultifnate

election of material is the responsibility of the Owner and is, therefore, not within the scope of this Code.

his
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Chapter V
Fabrication, Assembly, and Erection

327 GENERAL

(b) The employer has qualified at least one welder,

Metalli¢ piping materials and components are pre-
pared for| assembly and erection by one or more of the
fabricatign 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 require-
ments of [this Chapter and the applicable requirements
of para. J

11.2.
328.1 Responsibility

Each empployer is responsible for

(a) the[welding and brazing performed by personnel
of its orghnization

(b) corlducting the qualification tests required to qual-
ify the wglding or brazing procedure specifications used
by persopnel in its organization, except as provided in
paras. 328.2.1 and 328.2.2

(c) confducting the qualification tests required to qual-
ify the welders, brazers, and operators, except as_pro-
vided in para. 328.2.3

328.2 Welding and Brazing Qualification

Welding and brazing procedure specifications (WPSs
and BPSq) to be followed in production welding shall
be prepated and qualified, and.wélders, brazers, and
operatoys shall be qualifiedas required by the
ASME BPV Code, Section\IX except as modified by
para. 333|[for brazing of Category D Fluid Service piping
and by the following (subparagraphs.

328.2.1 Standard Welding Procedure
Specifications.«.Standard welding procedure specifica-
tions published by the American Welding Society and
listed in Mandatory Appendix E of Section IX are per-

brazer, or operator following each WPS or BPS,

(c) The employer’s business name shall be shoyn on
each WPS and BPS, and on each qualification-recofd. In
addition, qualification records shall be signed and ¢lated
by the employer, thereby accepting responsibility for the
qualifications performed by others.

328.2.3 Performance Qualification by Otherg. In
order to avoid duplication-of*effort and subject to the
approval of the owner,an’employer may accefjt the
performance qualification of a welder, brazer, or opera-
tor made by a previeus employer. This acceptamce is
limited to perfermance qualifications that were made
on pipe or tube test coupons. The new employer|shall
have the WRS.or BPS that was followed during qualifica-
tion or an“equivalent WPS or BPS that is withih the
limits.6f’ the essential variables set forth in Sectign IX.
An employer accepting such qualification tests|shall
obtain a copy of the performance qualification test
record from the previous employer. The record [shall
show the name of the employer by whom the welder,
brazer, or operator was qualified and the date of that
qualification. Evidence shall also be provided that the
welder, brazer, or operator has maintained qualifiqation
in accordance with QW-322 and QB-322 of Sectign IX,
except that this evidence may be provided By an
employer responsible for the individual’s weldihg or
brazing performance even if not the original qualifying
employer. The new employer’s business name shhll be
shown on the qualification record, and it shall be sjgned
and dated by the employer, thereby accepting respgonsi-
bility for the qualifications performed by others.

328.2.4 Qualification Records. The employer|shall
maintain copies of the procedure and performance guali-
fication records specified by Section IX that shall be
available to the Inspector at the location where welding

is hping done

mitted for Code construction within the limitations
established by Article V of Section IX.

328.2.2 Procedure Qualification by Others. In order
to 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:

(a) The procedures meet the requirements of
Section IX and any additional qualification requirements
of this Code.
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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 the ASME Boiler
and Pressure Vessel Code, 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 Section IX. Unless otherwise specified by the

Licensee=Methanex Corp/5975064001
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Designer, welding electrodes 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 metals being joined, or the weaker
of the two if base metals of two different strengths are
being joined.

(b) The nominal chemical analysis of the weld metal
shall be similar to the nominal chemical analysis of the

328.4.2 End Preparation
(a) General
(1) End preparation is acceptable only if the surface
is reasonably smooth and true, and slag from oxygen
or arc cutting is cleaned from thermally cut surfaces.
Discoloration remaining on a thermally cut surface is
not considered detrimental oxidation.
(2) End preparation for groove welds specified in
ASME B16.25, or any other that meets the WPS, is accept-

majof alloying elements of the base metal (€.g., 27:% CT,
1% Nlo steels should be joined using 2%,% Cr, 1% Mo
filler|metals).

(c)|If base metals of different chemical analysis are
being joined, the nominal chemical analysis of the weld
metal shall be similar to either base metal or an interme-
diate|composition, except as specified below for austen-
itic steels joined to ferritic steels.

(d)] When austenitic steels are joined to ferritic steels,
the weld metal shall have a predominantly austenitic
micr¢structure.

(e)| For nonferrous metals, the weld metal shall be that
recothmended 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)| Ferrous Metal Backing Rings. These shall be of
weldpble quality. Sulfur content shall not exceed 0.05%

(b)| If two abutting surfaces are to be welded to a third
membper used as a backing ring and one or two.df)the
threel members are ferritic and the other member or
mempbers are austenitic, the satisfactory use’of such
ma’:%ials shall be demonstrated by welding procedure
qualified as required by para. 328.2.

Bagking rings may be of the continuous machined or
splitfpand type. Some commonly used types are shown
in Fig. 328.3.2.

(c)| Nonferrous and Nonmétallic Backing Rings. Backing
rings|of nonferrous or nohmetallic material may be used,
provided the designeiapproves their use and the weld-
ing grocedure using\them is qualified as required by
para|328.2.

328.3.3 'Consumable Inserts. Consumable inserts
may |be Gsed, provided they are of the same nominal
composition as the filler metal, will not cause detrimen-

able. [For convenience, the basic bevel gngles of
ASME B16.25 and some additional J-bevel dngles are
shown in Fig. 328.4.2, illustrations (a)-and (b}.]

(b) Circumferential Welds

(1) If component ends are, trimmed as phown in
Fig. 328.3.2, illustration (a) ox{b) to fit backing rings or
consumable inserts, or as shown in Fig. 328.4.3, illustra-
tion (a) or (b) to correet\internal misalignment, such
trimming shall not rediice the finished wall [thickness
below the required minimum wall thickness,|t,,.

(2) Comporient ends may be bored to allow for a
completely~tecessed backing ring, provlided the
remaining net thickness of the finished ends {s not less
than ¢,

(3)'Tt is permissible to size pipe ends of
nominal size to improve alignment if wall
requirements are maintained.

(4) Where necessary, weld metal may be
inside or outside of the component to permit
or provide for machining to ensure satisfacto
of rings or inserts.

(5) When a girth or miter groove weld joitns compo-
nents of unequal wall thickness and one is thore than
1% times the thickness of the other, end preparation and
geometry shall be in accordance with acceptable designs
for unequal wall thickness in ASME B16.25.

(6) Buttweld fittings manufactured in agcordance
with ASME B16.9 may be trimmed to produce gn angular
joint offset in their connections to pipe or to gther butt-
weld fittings without being subject to design [qualifica-
tions in accordance with para. 304.7.2 provided the total
angular offset produced between the two jointed parts
does not exceed 3 deg.

the same
thickness

Heposited
lignment
y seating

328.4.3 Alignment
(a) Circumferential Welds

tal alloying of the weld metal, and the welding procedure
using them is qualified as required by para. 328.2. Some
commonly used types are shown in Fig. 328.3.2.

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
detrimental to either the weld or the base metal when
heat is applied.
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(1) Inside surfaces of components at ends to be
joined in girth or miter groove welds shall be aligned
within the dimensional limits in the WPS and the engi-
neering design.

(2) If the external surfaces of the components are
not aligned, the weld shall be tapered between them.

(b) Longitudinal Welds. Alignment of longitudinal
groove welds (not made in accordance with a standard
listed in Table A-1 or Table 326.1) shall conform to the
requirements of para. 328.4.3(a).
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Fig. 328.3.2 Typical Backing Rings and Consumable Inserts

5 ?m
Ztm (c) Nonmetallic Removable
$ Backing Ring (Refractory)
F 2L
¥ le19 MM
3 mm tgSmMm 74 1.}

(Vg in] to 31 in.)

a) Butt Joint With Bored Pipe Ends _

and Solid or Split Backing Ring [Note (1)] @ (d) Square Ring or Rourd
5 mm Wite'Type
3,
? (%16 in.) Z
3 (e} Flat Rectangular Rirlg
o “ T 7
Typical
J F Consumable <
[} 19 mm Insorts % (f) Formed Ring Type
3mmtp5mm I‘ (3, in.)
(1/g in| to3/4¢ in.) 4
(b} Butt Joint With Taper-Bored Ends L % (g) Y-Type
and Solid Backing Ring [Note (1)]
NOTE:
(1) Refer tq ASME B16.25 for detailed dimensional information on weldingwénds.
Fig. 328.4.2 Typical Butt Weld End Preparation
37/, deg + 2, deg -+ 20 deg~% 2/, deg Fig. 328.4.3 Trimming and Permitted Misalignment
5 mm -
<22lmm A 1
(7% in.) (%he iy
4 = F
1.5 mm £ 0.8 mm )
16 in. = V3o in.
he a2 in) t Permitted S
(a) Walk Thickness 6 mm to 22 mm, ;n(;:a‘;\llir;ment. ‘\* 30 ded max.
Inclusive (3/4g in. to 7/g in.) .
(a) Thicker Pipe Taper-Bored to Align
e 20 deg * 27/, deg
10 dég—=2*7deg T i
; 37", deg ‘ T
1
>22 mm tZ/gdeg 2ty ->r
(7/g in.) mm =Im
L (5 in.)
19 mm b
(34 in.)
l L 4 L Permitted Ro d\
q . . un
1.5 mm £ 0.8 mm misalignment. corner gﬂ 30 deg
(V16 in. = 1/3pin.) See WPS. max.

{b) Wall Thickness Over 22 mm (7/g.in.) (b) Thicker Pipe Bored for Alignment
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Fig. 328.4.4 Preparation for Branch Connections

l‘ |,

38

]

| T

>0 mm {in.)

990 |

]

7227,

Y

%
Y (a) i

g=
m=

Branch Connection Welds
1) Branch connections that abut the outside surface
of th¢ run pipe shall be contoured for groove welds that
meetjthe WPS requirements [see Fig. 328.4.4, illustrations
(a) and (b)].
2) Branch connections that are inserted through a
run dpening shall be inserted at least as far as the inside
surface of the run pipe at all points [see Fig. 328.4.4,
illusfration (c)] and shall otherwise conform to
para/328.4.3(c)(1).
3) Run openings for branch connections shall not
devigte from the required contour more than the dimen-
sion n in Fig. 328.4.4. In no case shall deviations*of’the
shape of the opening cause the root spacing tolerance
limit$ in the WPS to be exceeded. Weld metal may be
addef and refinished if necessary for compliance.

(d)| Spacing. The root opening of,_the joint shall be
within the tolerance limits in the WFS.

(c)

328.
328.5.1 General

b Welding Requirements

root gap per welding specification _
the lesser of 3.2 mm (1/g in.) or 0.5 T},

/ L
*9‘”*\:*

(¢)

]

|
(b) |

(d) Peening is proHibited on the root pass|and final
pass of a weld.

(e) No welding shall be done if there is impjingement
on the weld atea of rain, snow, sleet, or excesdive wind,
or if the weld area is frosted or wet.

(f) Welding End Valves. The welding sequence and
procedute and any heat treatment for a welding end
valye shall be such as to preserve the seat tightness of
the valve.

328.5.2 Fillet and Socket Welds. Fillet welds
(including socket welds) may vary from convex to con-
cave. The size of a fillet weld is determined ps shown
in Fig. 328.5.2A.

(a) Typical weld details for slip-on and sockqt welding
flanges are shown in Fig. 328.5.2B; minimun} welding
dimensions for other socket welding compgnents are
shown in Fig. 328.5.2C or MSS SP-119.

(b) If slip-on flanges are single welded, the yeld shall
be at the hub.

328.5.3 Seal Welds. Seal welding shall b done by

(a)| Welds, including addition of weld metal for align- 5 qualified welder. Seal welds shall cover al| exposed
men{ [paras. 328.42(b)(4) and 328.4.3(c)(3)], shall be threads.
madg¢ in accordanice,with a qualified procedure and by .
qualified welderssor welding operators. 328.5.4 Welded Branch Connections

(b)| Each qualified welder and welding operator shall
be assignedian identification symbol. Unless otherwise
spec}fied-in the engineering design, each pressure-

(a) Figures 328.5.4A through 328.5.4F sho accept-
able details of branch connections with and without
added reinforcement, in which the branch pipe is con-

contairmng weldor adjacent area sttt be mmarked-with
the identification symbol of the welder or welding oper-
ator. In lieu of marking the weld, appropriate records
shall be filed.

(c) Tack welds at the root of the joint shall be made
with filler metal equivalent to that used in the root pass.
Tack welds shall be made by a qualified welder or weld-
ing operator. Tack welds shall be fused with the root
pass weld, except that those that have cracked shall be
removed. Bridge tacks (above the weld) shall be
removed.

63

nected—direetty—to—the—run—pipe—Fhe—tHustrations are
typical and are not intended to exclude acceptable types
of construction not shown.

(b) Figure 328.5.4D shows basic types of weld attach-
ments used in the fabrication of branch connections. The
location and minimum size of attachment welds shall
conform to the requirements herein. Welds shall be cal-
culated in accordance with para. 304.3.3 but shall be not
less than the sizes shown in Fig. 328.5.4D. Figure 328.5.4F
shows the basic types of attachment welds used with
integrally reinforced branch connection fittings. The
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Fig. 328.5.2A Fillet Weld Size

Surface of perpendicular member
Convex fillet weld  Size of

Concave

Surface of perpendicular member

Convex fillet weld Concave

Surface of
horizontal member

Theoretical throat

Surface of weld fillet weld
horizontal member
Theoretical throat
——Equatrteg FitleT Ward
DTE: The size of an equal leg fillet weld is the leg

e largest inscribed isosceles right triangle (theoretical
707 X size).

Unequal Ceg FilletWatd—————————————

GENERAL NOTE: The size of unequal leg fillet weld\is the
lengths of the largest right triangle which can_be inscribe
within the weld cross section [e.g., 13 mm X 19 mm (%,

Fig. 3

/A

o~

(1) Fron} and Back Welds

X,

'min.

Fig

— — —

The lesser of 7 or 6 mm (; in.)

x %, in)l.

28.5.2B Typical Details for Double-Welded Slip-On and Socket Welding Flange’Attachment Weld

fillet weld

€g

wn

- —+——
Xmin —-i Xmin —’u:"mh.
Xmin. *min Xmin.
1.5 mm ("15fin.)
approx. gap
before weldling

(2) Face and Back Welds

= the lesser of 1:4Tor the thickness of the hub

. 328.5.2C Minimum Welding Dimensions for Socket Welding Components Other Than Flanges

A

Y

T,,= nominal pipe wall thickness

C, (min.) = 1.09 T,, or the thickness
of the socket wall,
whichever is smaller

(3) Socket Welding Flangg
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Figs. 328.5.4A, B, C Typical Welded Branch Connections

(a) Without Added

(b) With Added
Reinforcement

(c) Angular Branch Without
Reinforcement

Added Reinforcement

Fig. 328.5.4D Acceptable Details for Branch Attachment Welds

TR \\\\\\\

(1) (2)

(3)

(4) (5)

GENERAL NOTE: These sketches-show minimum acceptable welds. Welds may be larger than those shown here

Fig. 328.5:4E Acceptable Details for Branch Attachment Suitable for 100% Radiography

E R F

(1) Contour Outlet Fitting

(2) Extruded Header Outlet
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]
Manufacturer’s weld
line (if applicable)

Note (1)

ol
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Fig. 328.5.4F Acceptable Details for Integrally Reinforced Branch Connections

Manufacturer’s weld

| line (if applicable)

Note (1)
N1,

—

Tm A
Note (2)

fs

(a) Transverse

Manufacturer’s weld
line (if applicable)

Manufacturer’'s weld
line (if applicable)

Note (3)

|
|
I

(b) Longitudinal

?b/
7

/5

Manufacturer’s weld

line (if applicable)
Note (3) _\ 4
Heel;\\

Crotch
/_
J/ .V
_ 1. Note (3)
/ rmJ L ‘
Note (2)

(d) Longitudinal

Manufacturer’s weld
line (if applicable)

ry

(e) Transverse
GENERAL NOTE:
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

C~T~=
Note (3)

(f) Longitudinal

Welds shall be in accordance with para. 328.5.4(i).

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(@).

(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 filet, 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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location and the minimum size of the attachment welds
shall conform to the requirements of subpara. (i) below.

(c) The nomenclature and symbols used herein, in
Fig. 328.5.4D, and in Fig. 328.5.4F are

cover fillets having a throat dimension not less than ¢,.
The cover fillet weld shall fill and smoothly transition
to the attachment weld and run pipe or fitting.

328.5.5 Fabricated Laps. Figure 328.5.5 shows typi-

A

ding pro-
n contour
qualified

and heat
welding.

L = nommal th%ckness of branch cal fabricated laps. Fabrication shall be in accordance
Tn = nominal thickness of header with the applicable requirements of para. 328.5.4.
T,, = nominal thickness of the branch weld for inte-
grally reinforced branch connection fittings, 328.5.6 Welding for Severe Cyclic Conditions.
either welding procedure shall be employed that provides a
1) as speClned by the manuiacturer ot the buluul}l, lcgulcu, fuﬂ_y })cuc'ualcd rrer-surfage.
branch connection fitting .
(2) the full depth of the resultant weld 328.6 Weld Repair
groove, after fit-up, if no manufacturer’s weld A weld defect to be repaired shall be removed to sound
thickness is specified metal. Repair welds shall be made using a we
(3) as documented and specified in the engi- cedure qualified in accordance with para. 328.2.1, recog-
neering design in accordance with nizing that the cavity to be repaired may differ
para. 300(c)(3), or and dimensions from thé\Original joint. Reppir welds
(4) calculated and documented in accor- shall be made by welders:or welding operators
dance with the requirements of para. 304.7.2 in accordance withpara. 328.2.1. Preheating
T,| = nominal thickness of reinforcing pad or saddle ~ treatment shall bé-as'required for the original
t{ = lesser of 9.77;, or 6 mm (% in.) See also para,341:3.3.
fminf = lesser of T, or T 328.7 Attachment Welds
(d)| Branch connections, including branch connection Structiiral attachments may be made by complete pen-

fittings (see paras. 300.2 and 304.3.2), that abut the out-
side pf the run or that are inserted in an opening in the
run ghall be attached by fully penetrated groove welds.
The welds shall be finished with cover fillet welds having
a thrpat dimension not less than t. See Fig. 328.5.4D,
illustfrations (1) and (2).

(e)| A reinforcing pad or saddle shall be attached to

the branch pipe by either
1) a fully penetrated groove weld fihished with a
covet fillet weld having a throat dimension not less than
t., or
2) a fillet weld having a threat-dimension not less
0.7t min- See Fig. 328.5.4D, illdstration (5).
The outer edge of a reinfercing pad or saddle shall
be aftached to the run pipe’by a fillet weld having a
throgt dimension notdess‘than 0.5T,. See Fig. 328.5.4D,
illustrations (3), (4)fand (5).

(g)| Reinforcing\pads and saddles shall have a good
fit wjth the parts to which they are attached. A vent
hole ghall be\provided at the side (not at the crotch) of
any gad or-5addle to reveal leakage in the weld between
bran¢hland run and to allow venting during welding

than

(f)

etration, partial penetration, or fillet welds.
Liow energy capacitor discharge welding mdy be used
for welding temporary attachments (e.g., thermocou-
ples) and permanent nonstructural attachments without
preheat above 10°C (50°F) or subsequent postjveld heat
treatment on P-No. 1 through P-No. 5B and P-No. 15E
materials, provided
(a) a Welding Procedure Specification is prepared,
describing the low energy capacitor discharge equip-
ment, the combination of materials to be joine¢l, and the
technique of application; qualification of th¢ welding
procedure is not required
(b) the energy output of the welding process|is limited
to 125 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 areas shall
be visually examined for evidence of defdcts to be
repaired

330 PREHEATING

and heat treatment. A pad of saddle may be made in
more than one piece if joints 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.

(i) Figure 328.5.4F shows additional integrally rein-
forced branch connections typical of MSS SP-97 fittings
that abut the outside of the run attached by a full pene-
tration groove weld. The welds shall be finished with
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330.1 General

The preheat requirements herein apply to all types of
welding, including tack welds, repair welds, and seal
welds on threaded joints.

330.1.1 Requirements. Unless specified otherwise
in the engineering design, the minimum preheat temper-
atures for materials of various P-Numbers are given in
Table 330.1.1. The thickness intended in Table 330.1.1 is
that of the nominal thickness of the thicker component
[as defined in para. 331.1.3(c)]. Higher minimum preheat

Licensee=Methanex Corp/5975064001
Not for Resale, 06/16/2015 06:19:47 MDT
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Fig. 328.5.5 Typical Fabricated Laps

Pt gl et ped gt
07(’:_/() T2>T07(L\>_/C) T2>To I%; Ty>T i T,>T ' Radius
J(T—c i .7§T~c§ | / |

TR RN I

GENERAL NPTE:

(a)

(b)

(d)

(e)

Laps shall be machined (front and back) or trued after welding. Plate flanges in accordance withpara.”304.5 or lap joint

flanges in dccordance with ASME B16.5 may be used. Welds may be machined to radius, as in sketch (e), if necessary.to match ASME|B16.5
lap joint flanges.

(14) Table 330.1.1 Preheat Temperatures
Base Greatfarl
Metal M?terla ) o
P-No. Thickness Additional Limits Required Minimum Tempefature
[Note (1)] Base Metal Group mm in. [Note (2)] °C °f
1 Carbon steel <25 <1 %C > 0.30 [Note (3)] 10 5p
>25 >1 %C < 0.30 [Note (3)] 10 5p
>25 >1 %C > 0.30 [Note (3)] 95 20p
3 Alloy steel, Cr < Y% <13 <Y, SMTS < 450 MPa (65 ksi) 10 50
>13 >Y, SMTS < 450 MPa (65 ksi) 95 200
All All SMTS > 450 MPa (65 ksi) 95 20p
4 Alloy steel, %% < Cr < 2% All All None 120 250
5A Alloy steel All All SMTS < 414 MPa (60 ksi) 150 30p
All All SMTS > 414 MPa (60 ksi) 200 400
5B Alloy steel All All SMTS < 414 MPa (60 ksi) 150 30p
All All SMTS > 414 MPa (60 ksi) 200 400
<13 <Y %Cr > 6.0 [Note (3)] 200 400
6 Martensitic stainless steel All All None 200 [Note (4)] 400 [Ndte (4)]
9A Nickel alloy steel All All None 120 25p
9B Nickel alloy steel All All None 150 300
10l 27Cr steel All All None 150 [Note (5)] 300 [Note (5)]
15E 9Cr-1Mo-V CSEF steel All All None 200 400
All other materials None 10 50
NOTES:

(1) P-Nos. and Group Nos. from BPV Code, Section IX, QW/QB-422.
(2) SMTS = Specified Minimum Tensile Strength.
(3) Composition may be based on ladle or product analysis or in accordance with specification limits.
(4) Maximum interpass temperature 315°C (600°F).
(5) Maintain interpass temperature between 150°C and 230°C (300°F and 450°F).
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temperatures may be required by the WPS or by the
engineering design.

330.1.2 Unlisted Materials. Preheat requirements
for an unlisted material shall be specified in the WPS.

330.1.3 Preheat Temperature Verification
(a) Preheat temperature shall be checked by use of
temperature indicating crayons, thermocouple pyrome-
ters, or other suitable means to ensure that the tempera-

procedures to avoid contamination by hydrogen-
producing sources. The surface of the base metal pre-
pared 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.

ture [pecified in the WPS 15 obtained prior to and
maintained during welding.

(b)] Thermocouples may be temporarily attached
direqtly to pressure-containing parts using the low
energy capacitor discharge method of welding in accor-
dancg with para. 328.7.

330.1.4 Preheat Zone. The preheat zone shall be
at or[above the specified minimum temperature in all
directions from the point of welding for a distance of the
largef of 75 mm (3 in.) or 1.5 times the greater nominal
thickhess.

Th¢ base metal temperature for tack welds shall be
at or[above the specified minimum temperature for a
distahce not less than 25 mm (1 in.) in all directions
from|the point of welding.

330.

330.2.1 Different P-No. Materials. When welding
two dlifferent P-No. materials, the preheat temperatute
shall|be the higher temperature for the material lbeing
weldpd as shown in Table 330.1.1.

P Specific Requirements

330.2.2 Interruption of Welding. After welding
comrpences, the minimum preheat temperature shall be
maintained until any required PWHI\is performed on
P-Naos. 3, 4, 5A, 5B, 6, and 15E, exXcépt when all of the
folloying conditions are satisfied:

(a)| A minimum of at least 10ymm (% in.) thickness of
weld|is deposited or 25%,0f.the welding groove is filled,
whichever is less (thetweld shall be sufficiently sup-
portdd to prevent overstressing the weld if the weldment
is to be moved or Gtherwise loaded). Caution is advised
that the surface-eondition prior to cooling should be
smodth andifree of sharp discontinuities.

(b)| For-P=Nos. 3, 4, and 5A materials, the weld is
allowed>to’cool slowly to room temperature.

331 HEAT TREATMENT
331.1 General

331.1.1 Postweld Heat Treatment,Requirements

(a) PWHT shall be in accordance with th¢ material
groupings (P-Nos. and Greup’/Nos.) and fanges in
Table 331.1.1 except as provided in Table 331.1.2 and
Table 331.1.3. The P-Numbefs and Group Nufnbers are
defined in ASME~BPV Code, Secfion 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 spegified in the WPS and shall be used in qualify-
ing the.wélding procedure.

(c) The engineering design shall specify thelexamina-
tiop and/or other production quality contro} (not less
than the requirements of this Code) to ensurp that the
final welds are of adequate quality.

331.1.2 Other Heat Treatments
(a) Heat treatment for bending and forming shall be
in accordance with para. 332.4.
(b) See Table 302.3.5 for special heat treatment require-
ments for longitudinal or spiral (helical seam) welds in
Elevated Temperature Fluid Service.

331.1.3 Definition of Thicknesses Governing PWHT
(a) The term control thickness as used in Tahle 331.1.1
and Table 331.1.3 is the lesser of
(1) the thickness of the weld
(2) the thickness of the materials being
the weld or the thickness of the pressure-c
material if the weld is attaching a nong
containing material to a pressure-containing fnaterial.
(b) Thickness of the weld, which is a [ffactor in
determining the control thickness, is defined 4s follows:
(1) groove welds (girth and longitudingl) — the

joined at
ntaining
ressure-

(c) For P-Nos 5B, 6, and 15 materials, the weld 15
subjected to an adequate intermediate heat treatment
with a controlled rate of cooling. The preheat tempera-
ture may be reduced to 95°C (200°F) (minimum) for
the purpose of root examination without performing an
intermediate heat treatment. Intermediate heat treat-
ment 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 supplemental diffusible-hydrogen designator
of H4 or lower and suitably controlled by maintenance
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thicker-of the-two-abutting-ends-after-weld-préparation,
including I.D. machining

(2) fillet welds — the throat thickness of the weld

(3) partial penetration welds — the depth of the
weld groove

(4) material repair welds — the depth of the cavity
to be repaired

(5) branch welds — the dimension existing in the
plane intersecting the longitudinal axes, calculated as
indicated for each detail using the thickness through
the weld for the details shown in Fig. 328.5.4D and
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Table 331.1.1 Postweld Heat Treatment

Minimum Holding Time at Temperature for

Control Thickness [Note (2)]

P-No. and Group No. Holding Temperature Range,

(BPV Code Section IX, QW/QB-420) °C (°F) [Note (1)] Up to 50 mm (2 in.) Over 50 mm (2 in.)
P-No. 1, Grpup Nos. 1-3 595 to 650 (1,100 to 1,200) 1 h/25 mm (1 hr/in.); 2 hr plus 15 min fdr each
P-No. 3, Grpup Nos. 1 and 2 595 to 650 (1,100 to 1,200) 15 min min. additional 25 mm (in.)
P-No. 4, Grpup Nos. 1 and 2 650 to 705 (1,200 to 1,300) over 50_mm, (2 ir}.)
P-No. 5A, Group No. 1 675 to 760 (1,250 to 1,400)

P-No. 5B, droup No. 1 675 to 760 (1,250 to 1,400)
P-No. 6, Grpup Nos. 1-3 760 to 800 (1,400 to 1,475)
P-No. 7, Grpup Nos. 1 and 2 [Note (3)] 730 to 775 (1,350 to 1,425)
P-No. 8, Grpup Nos. 1-4 PWHT not required unless required by WPS
P-No. 9A, droup No. 1 595 to 650 (1,100 to 1,200)
P-No. 9B, Qroup No. 1 595 to 650 (1,100 to 1,200)
P-No. 10H, |Group No. 1 PWHT not required unless required by
WPS. If done, see Note (4).
P-No. 10l, Group 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, [Group No. 1 730 to 775 (1,350 to 1,425) 1'W/25 mm (1 hr/in.); 1 h/25 mm (1 hr/in.) up
[Notes (6) and (7)] 30 min min. to 125 mm (5 in}) plus
15 min for each pddi-
tional 25 mm (inf) over
125 mm (5 in.)
P-No. 62 540 to 595 (1,000 to 1,100) . See Note (8)
All other méterials PWHT as required by WPS In accordance with WPS  In accordance with [WPS
GENERAL NPTE: The exemptions for mandatory PWHT are-defihed 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. 3314.3"
(3) Cooling rate shall not be greater than 55°C (100°F) per hour in the range above 650°C (1,200°F), after which the cooling rate shdll be
sufficieptly rapid to prevent embrittlemeht.
(4) If PWHT is performed after welding, if shall be within the following temperature ranges for the specific alloy, followed by rapid copling:
Alloys $31803 and S32205 — 1 0209C to 1 100°C (1,870°F to 2,010°F)
Alloy SB2550 — 1 040°C to 1,120°C (1,900°F to 2,050°F)
Alloy SB2750 — 1 025°C to+1..125°C (1,880°F to 2,060°F)
All othgrs — 980°C to 1.040°C (1,800°F to 1,900°F).
(5) Cooling rate shall be>165°C (300°F)/h to 315°C (600°F)/h.
(6) The mifimum PWHTholding temperature may be 720°C (1,325°F) for nominal material thicknesses [see para. 331.1.3(c)]
<Y in.[(13 mm)y
(7) The Ni |+ Mp~coutent of the filler metal shall not exceed 1.2% unless specified by the designer, in which case the maximum tempera-
ture to |perteached during PWHT shall be the A; (lower transformation or lower critical temperature) of the filler metal, as determiped by
ana[ysi and calculation or h\’l test, but not exceeding 800°C (1 470°F) _If the 800°C (1 47Q°F) limit was not exceeded bhut the A, bf the

filler metal was exceeded or if the composition of the filler metal is unknown, the weld must be removed and replaced. It shall then be

rewelded with compliant filler metal and subjected to a compliant PWHT. If the 800°C (1,470°F) limit was exceeded, the weld and the

entire area affected by the PWHT will be removed and, if reused, shall be renormalized and tempered prior to reinstallation.
(8) Heat treat within 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
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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,

Decrease in Specified Minimum

(b) Any required PWHT shall be as required by the
qualified WPS.

(c) For welds that require PWHT in accordance with
Table 331.1.1, the temperature of the material during
PWHT shall be within the range specified. However, if

Temperature, °C (°F) h [Note (1)] specified by the designer, the range may be extended
as permitted by Table 331.1.2, provided the lower critical
30 (50) 2 temperature of the material is not exceeded.
55 (100) 4
85 (150) [Note (2)] 10 e aEr P s .
110 (200) [Note (2)] 20 PILeln JPCLIII\. l\cqullclllclll)

NOTES:
(1) Times shown apply to thicknesses <25 mm (1 in.). Add
14 min/25 mm (15 min/in.) of thickness for control thick-
ngsses >25 mm (1 in.) (see para. 331.1.3).

Where warranted by experience or knowlédge of ser-
vice conditions, alternative methods of\heat [treatment
or exceptions to the basic heat treatment proyisions of
para. 331.1 may be adopted as provided in parjs. 331.2.1
and 331.2.2.

(2) Adecrease >55°C (100°F) below the minimum specified
iﬂg;:?re Is allowable only for P-No. 1, Group Nos. 1 and 2 331.2.1 Alternative Heat Treatment. Noymalizing,
or normalizing and tefpering, or annealing may be
applied in lieu of therequired heat treatment after weld-
Fig. $28.5.4F. This thickness shall be computed using  ing, bending, or férming, provided that the mlechanical

the fpllowing formulas:

(-a) for Fig. 328.5.4D use
illustration (1) = T + £,
illustration (2) = T, + £
illustration (3) = greater of Ty,+t.orT,+t
illustration (4) =
illustration (5) = T} + ¢,

(-b) for Fig.328.5.4F use T, + t. for altillustrations

(c)] The term nominal material thickness as used in
Tablg 331.1.3 is the thicker of the materials being joined
at the weld.

331.1.4 Heating and Cooling.” The heating method
shallprovide the required nietal temperature, metal tem-
perafure uniformity, and temperature control, and may
include an enclosed furnace, local flame heating, electric
resisfance, electricinduction, or exothermic chemical
reactjon. Above315°C (600°F), the rate of heating and
coolihg shallfiet-exceed 335°C/h (600°F/hr) divided by
one-:Elf the\maximum material thickness in inches at

the weld;”but in no case shall the rate exceed 335°C/h

properties of any/affected weld and base mietal meet
specificatiomréquirements after such treatment and that
the substitution is approved by the designer.

331.2:2 Exceptions to Basic Requirements.| Asindi-
cated in para. 331, the basic practices therein mpay require
modification to suit service conditions in some cases.
In such cases, the designer may specify more| stringent
requirements in the engineering design, including heat
treatment and hardness limitations for lesser thickness,
or may specify less stringent heat treatment gnd hard-
ness requirements, including none.

When provisions less stringent than thos¢ in para.
331 are specified, the designer must demonstgate to the
owner’s satisfaction the adequacy of those provisions
by comparable service experience, considering service
temperature and its effects, frequency and intensity of
thermal cycling, flexibility stress levels, prohability of
brittle failure, and other pertinent factors. In|addition,
appropriate tests shall be conducted, including WPS
qualification tests.

331.2.3 Dissimilar Materials
(a) Heat treatment of welded joints between dissimi-
lar ferritic metals or between ferritic metals fising dis-
similar ferritic filler metal shall be at the higher of the
temperature ranges in Table 331.1.1 for the materials in

(600°E /hr). See Table 331.1.1 for cooling rate require-
ments for P-Nos. 7, 101, 11A, and 62 materials.

331.1.6 Temperature Verification. Heat treatment
temperature shall be checked by thermocouple pyrome-
ters or other suitable methods to ensure that the WPS
requirements are met. See para. 328.7 for attachment of
thermocouples by the low energy capacitor discharge
method of welding.

(a) If used, the heat treatment furnace shall be cali-
brated such that the PWHT can be controlled within the
required temperature range.

7

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.

331.2.4 Delayed Heat Treatment. If a weldment is
allowed to cool prior to heat treatment, the rate of cool-
ing shall be controlled or other means shall be used to
prevent detrimental effects in the piping.
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(14) Table 331.1.3 Exemptions to Mandatory Postweld Heat Treatment

P-No. and Group No.
(BPV Code Section IX,
QW/QB-420) [Note (1)]

Control Thickness,
in. (mm) [Note (2)]

Type of Weld

Additional Limitations Required for
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 mate-
rial thickness >25 mm (1 in.)

Multiple layer welds are used when the
nominal material thickness

P-No. 3, Grpup Nos. 1 and 2

P-No. 4, Grpup No. 1

P-No. 5A, 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 (4nin)

<16 mm (% in.) except
the thickness of a
socket weld fitting or
flange need not be
considered

All

Groove

Socket and fillet welds

Seal welds and non-load-carrying
attachments [Note (7)]

Groove

Socket and fillet welds

ST (755 1) [NOTe (6)]

[« %

A preheat of 95°C (200°F) is_appli
prior to welding on any-neminal|mate-
rial thickness >16 mm (% in.)

A specified carbon content of the hase
materials <0.25%

Multiple layer yelds are used when the
nominal¢naterial thickness
>5 mm (4% in.) [Note (6)]

Mandatery preheat has been appligd
Specified carbon content of the bake
materials <0.15%
Multiple layer welds are used when the
nominal material thickness
>5 mm (% in.) [Note (6)]
Mandatory preheat has been appligd
Throat thickness of the fillet weld ¢r the
socket weld <13 mm (% in.)
Specified carbon content of the pijf
material <0.15%
Nominal material thickness of the pipe
<16 mm (%% in.)
Multiple layer welds are used when the
nominal material thickness
>5 mm (3¢ in.) [Note (6)]
Mandatory preheat has been appligd
Multiple layer welds are used when the
nominal material thickness
>5 mm (3 in.) [Note (6)]

o

Mandatory preheat has been appligd
Specified carbon content of the bake
materials <0.15%
Multiple layer welds are used when the
nominal material thickness
>5 mm (34 in.) [Note (6)]
Mandatory preheat has been appligd
Throat thickness of the fillet weld ¢r the
socket weld <13 mm (% in.)
Specified carbon content of the pij
material <0.15%
Nominal thickness of the pipe

(¢}

P-No. 5B, Group No. 1
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<5 mm (¢ in.)
Multiple layer welds are used when the
nominal material thickness
>5 mm (34 in.) [Note (6)]
Mandatory preheat has been applied
Multiple layer welds are used when the
nominal material thickness
>5 mm (34 in.) [Note (6)]

No exemptions from PWHT
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Table 331.1.3 Exemptions to Mandatory Postweld Heat Treatment (Cont’d)

(14)

P-No. and Group No.
(BPV Code Section IX,
QW/QB-420) [Note (1)]

Control Thickness,
in. (mm) [Note (2)]

Type of Weld

Additional Limitations Required for
Exemption From PWHT [Notes (3)-(5)]

P-No. 6, Group Nos. 1-3 All All Specified carbon content of the base
materials <0.08%
Nominal material thickness
<10 mm (4 in.)
Weld filler metal is A-No. 8, A-No. 9, or
F-NO. 43 composition (Note| (8)]
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, AtNo. 9, or
F-No. 43/composition [Note| (8)]
P-No. |7, Group No. 2 No exémptions from PWHT
P-No. B, all Group Nos. All All RWHT neither required nor prghibited
P-No. PA, Group No. 1 All All Specified carbon content of the pipe
material <0.15%
Nominal material thickness
<13 mm (% in)
Mandatory preheat has been ppplied
P-No. PB, Group No. 1 All All Nominal material thickness
<16 mm (% in.) and the WPS has
been qualified using a mategrial of
equal or greater thickness than used
in the production weld
P-No. LOH, Group No. 1 All All PWHT neither required nor prohibited
P-No. [L0l, Group No. 1 All All PWHT neither required nor prghibited for
nominal material thickness
<13 mm (% in)
P-No. L 1A <50 mm (2 ing All
P-No. [L5E No exemptions from PWHT
P-No. p2 No exemptions from PWHT
NOTES:
(1) If differences with the P«No, listed in Appendix A are found, the P-No. listed in ASME BPV Code Section IX, Table QW/QB-42p applies.
(2) THe control thickness~is.defined in para. 331.1.3.
(3) THe nominal materialithickness is defined in para. 331.1.3(c).
(4) No exemptions are-permitted 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

@
®
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N¢n-lgad-carrying attachments are defined as items where no pressure loads or significant mechanical loads are transmitte
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the attachment to the pipe or pressure-containing materiat.
The A-Nos. and the F-Nos. are found in ASME BPV Code Section IX, Tables QW-442 and QW-432, respectively.
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331.2.5 Partial Heat Treatment. When an entire pip-
ing assembly to be heat treated cannot be fitted into the
furnace, it is permissible to heat treat in more than one
heat, provided there is at least 300 mm (1 ft) overlap
between successive heats, and that parts of the assembly
outside the furnace are protected from harmful tempera-
ture gradients.

331.2.6 Local Heat Treatment Welds may be locally

e entire component with the weld located in
the centet of the band. The width of the band heated to
the specified temperature range shall be at least three
times the|wall thickness at the weld of the thickest part
being joined. For nozzle and attachment welds, the
width of [the band heated to the specified temperature
range shall extend beyond the nozzle weld or attach-
ment weld on each side at least two times the run pipe
thickness| and shall extend completely around the run
pipe. Guidance for the placement of thermocouples on
circumfetlential butt welds is provided in AWS D10.10,
Sections §, 6, and 8. Special consideration shall be given
to the pldcement of thermocouples when heating welds
adjacent to large heat sinks such as valves or fittings,
or when Joining parts of different thicknesses. No part
of the materials subjected to the heat source shall exceed
the lower critical temperature of the material except
as permifted by para. 331.2.1. Particular care must be
exercised| when the applicable PWHT temperature is
close to the material’s lower critical temperature, such
as for P-No. 15E materials or when materials of different
P-Nos. ate being joined. This method may not be tised
for austepitizing heat treatments.

332 BELNDING AND FORMING
3321 G

Pipe may be bent and comporients may be formed by
any hot dr cold method thatds stitable for the material,
the fluid|service, and the.severity of the bending or
forming process." The firlished surface shall be free of
cracks and substantially free from buckling. Thickness
after bending or¢forming shall be not less than that
required py the.design.

neral

332.2 Bé¢nding

332.2.2 Bending Temperature

(a) Cold bending of ferritic materials shall be done at
a temperature below the transformation range.

(b) Hot bending shall be done at a temperature above
the transformation range and in any case within a tem-
perature range consistent with the material and the
intended service.

D1mens1ons
1alified

332.2.3 Corrugated and Other Bends.

in accordance w1th para 306 22.

332.3 Forming

The temperature range for forming shall be consjstent
with material, intended service, and ‘specified| heat
treatment.

332.4 Required Heat Treatment

Heat treatment shall be pérformed in accordance
para. 331.1.1 when requited by the following.

332.4.1 Hot Bending and Forming. After hot bend-
ing and forming, heat treatment is required for PfNos.
3,4,5,6,and M)A materials in all thicknesses. Durdtions
and temperatures shall be in accordance with parg. 331.

3324,2 Cold Bending and Forming. After cold pend-
ing and forming, heat treatment is required (for all thick-
ne¢sses, and with temperature and duration as givlen in
Table 331.1.1) when any of the following conditions|exist:

(a) for P-Nos. 1 through 6 materials, where the maxi-
mum calculated fiber elongation after bending or form-
ing exceeds 50% of specified basic minimum elongation
(in the direction of severest forming) for the applicable
specification, grade, and thickness. This requirgment
may be waived if it can be demonstrated that the
selection of pipe and the choice of bending or foming
process provide assurance that, in the finished condjition,
the most severely strained material retains at leasf 10%
elongation.

(b) for any material requiring impact testing, where
the maximum calculated fiber elongation after bending
or forming will exceed 5%.

(c) when specified in the engineering design.

with

333 BRAZING AND SOLDERING

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 exter-
nal pressure. Removal of metal shall not be used to
achieve these requirements.

! For pipe bending, PFI Standard ES-24, Pipe Bending Method,
Tolerances, Process and Material Requirements, may be used as
a guide.
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3331 Quatification

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.

333.1.2 Soldering Qualification. The qualification
of solderers shall be in accordance with the requirements
of ASTM B828, Standard Practice for Making Capillary
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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 filler
metal and flux shall comply with AWS A58,
Specification for Filler Metals for Brazing and Braze
Welding, and AWS Ab5.31, Specification for Fluxes for
Brazing and Braze Welding, respectively, or other filler

(3) Flange bolt holes shall be aligned within 3 mm
(% in.) maximum offset.

335.2 Flanged Joints

335.2.1 Preparation for Assembly. Any damage to
the gasket seating surface that would prevent gasket
seating shall be repaired, or the flange shall be replaced.

335.2.2 Bolting Torque

metafSand IItxes that have been qualilied i accordance
with|ASME Section IX.

333.2.2 Soldering Filler Metal and Flux. Soldering
fille metal and flux shall comply with ASTM B32,
Standard Specification for Solder Metal, and
ASTM B813, Standard Specification for Liquid and Paste
Fluxgs for Soldering of Copper and Copper Alloy Tube,
respgctively.

333.
3]

B Preparation and Cleaning

83.3.1 Surface Preparation. The surfaces to be
braz¢d or soldered shall be clean and free from grease,
oxidgs, paint, scale, and dirt of any kind. A suitable
chentical or mechanical cleaning method shall be used
if ne¢essary to provide a clean wettable surface.

333.3.2 Joint Clearance. The clearance between sur-
faces| to be joined by soldering or brazing shall be no
largef than necessary to allow complete capillary distri;
butidn of the filler metal.

383.3.3 Flux Removal.
removed.

Residual flux shall be

ASSEMBLY AND ERECTION
I Alignment

335

335.

(a)| Piping Distortions. Any distortion of piping to
bring it into alignment for joint assembly that introduces
a detfimental 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
exanfined for,errors that might interfere with desired
mové¢ment or'dead to undesired movement. The gap or
overlap of piping prior to assembly shall be checked
againstithe’drawing and corrected if necessary. Heating

(I assembting ftangedjoints; the gasket shall be
uniformly compressed to the proper design’lpading.

(b) Special care shall be used in assémbling flanged
joints in which the flanges have widely fiffering
mechanical properties. Tightening te' a pred¢termined
torque is recommended.

335.2.3 Bolt Length./ Bolts should ext
pletely through their nuts."Any that fail to
considered acceptably-erigaged if the lack of
engagement is not more than one thread.

end com-
Ho so are
complete

335.2.4 Gaskets. No more than one gasket shall be
used betweén\contact faces in assembling a flarjged joint.

335.3 Threaded Joints

335.3.1 Thread Compound or Lubricant. Any com-
pound or lubricant used on threads shall be syitable for
the service conditions and shall not react urjffavorably
with either the service fluid or the piping mdterial.

335.3.2 Joints for Seal Welding. A thredded joint
to be seal welded shall be made up without thfead com-
pound. A joint containing thread compound that leaks
during leak testing may be seal welded in a¢cordance
with para. 328.5.3, provided all compound is| removed
from exposed threads.

335.3.3 Straight Threaded Joints. Typilal joints
using straight threads, with sealing at a surface other
than the threads, are shown in Fig. 335.3.3, illfistrations
(a), (b), and (c). Care shall be taken to avoid flistorting
the seat when incorporating such joints info piping
assemblies by welding, brazing, or bonding.

335.4 Tubing Joints

335.4.1 Flared Tubing Joints. The sealing surface
of the flare shall be examined for imperfectiqns before

shall
defeats the purpose of cold springing.

(c) Flanged Joints. Unless otherwise specified in the
engineering design, flanged joints shall be aligned as
described in subparas. (1) or (2), and (3).

(1) Before bolting, mating gasket contact surfaces
shall be aligned to each other within 1 mm in 200 mm
(Y46 in./ft), measured across any diameter.

(2) The flanged joint shall be capable of being
bolted such that the gasket contact surfaces bear uni-
formly on the gasket.

1 1 1 1 - 1 - +] 1 .
ITUU DT UsSTU [.U llCllJ 11T LlUbllls LT éatl poclaustT lll,
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assembly and any flare having imperfections shall be
rejected.

335.4.2 Flareless and Compression Tubing Joints.
Where the manufacturer’s instructions call for a speci-
fied number of turns of the nut, 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
accordance with the manufacturer’s instructions, as
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modified by the engineering design. Care shall be taken
to ensure adequate engagement of joint members.

335.6 Expanded Joints and Special Joints

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 instructions, as
modified by the engineering design. Care shall be taken
to ensure adequate engagement of joint members.

provided at the bottom of the socket to permit this
movement.

335.9 Cleaning of Piping

This Code does not prescribe mandatory procedures
for flushing and cleaning. However, for potential haz-
ards that may result from performing such procedures
refer to Appendix F, para. F335.9 for precautionary
considerations.

335.6.2 Packed Joints. Where a packed joint is used
to absorb thermal expansion, proper clearance shall be

. L L 22

A

5
A

27

Fig. 335.3.3 Typical Threaded Joints Using Straight Threads

3

335.10 Identification of Piping
See Appendix F, para. F335.10.

V/ A/ /4

Gasket J

Threads are ASME B1.1 straight threads.
(a) {b)

(c)
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Chapter Vi
Inspection, Examination, and Testing

340 INSPECTION experience in the design, fabrication, or examination of
340.]1 General industrial pressure piping. . :

o . o (3) be a certified welding inspector or a sepior certi-

This Code cpstmgt'ushes betwgen examination .(S€e fied welding inspector as defined in AWSQC1/fStandard

para|341) and inspection. Inspection applies to functions  for AWS Certification of Welding Irtspectors, pr nation-

performed for the owner by the owner’s Inspector
or the Inspector’s delegates. References in this Code
to thp “Inspector” are to the owner’s Inspector or the
Inspgctor’s delegates.

340.

It iy the owner’s responsibility, exercised through the
owngr’s Inspector, to verify that all required examina-
tions{ and testing have been completed and to inspect
the piping to the extent necessary to be satisfied that it
confgrms to all applicable examination requirements of
the Jode and of the engineering design.

p Responsibility for Inspection

340.3 Rights of the Owner’s Inspector

Thé¢ owner’s Inspector and the Inspector’s delegateg
shall|have access to any place where work concerned
with|the piping installation is being performed: This
inclydes manufacture, fabrication, heat treatment,
asserhbly, erection, examination, and testing-of the pip-
ing. They shall have the right to audit any ‘examination,
to inspect the piping using any examination method
spec{ed by the engineering design)'and to review all

certiffications and records necessary to satisfy the own-
er’s fesponsibility stated in para: 340.2.

340.4 Qualifications ofthe Owner’s Inspector

(a)] The owner’s Inspector shall be designated by the
owngdr and shall bg the owner, an employee of the owner,
an employee ofanengineering or scientific organization,
or of a recogfized insurance or inspection company
actinpg asthe‘owner’s agent. The owner’s Inspector shall
not r¢present nor be an employee of the piping manufac-
turerfabries rless-the-owner-is-atso-the
manufacturer, fabricator, or erector.

(b) The owner’s Inspector shall meet one of the fol-
lowing requirements:

(1) have atleast 10 years of experience in the design,
fabrication, or examination of industrial pressure piping.
Each 20% of satisfactorily completed work toward an
accredited engineering degree shall be considered
equivalent to 1 year of experience, up to 5 years total.

(2) have a professional engineering registration or
nationally recognized equivalent with at least 5 years of
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ally recognized equivalent with atleast 5 years|of experi-
ence in the design, fabrication, or examipation of
industrial pressure piping;
(4) be an authorized piping inspector as Ieﬁned in

API 570, Piping Inspection Code: In-service Ipspection,
Rating, Repair, and Klteration of Piping Syste¢ms, with
at least 5 years of‘experience in the design, fabrication,
or examination of industrial pressure piping.
(c) In delegating performance of inspectionf the own-
er’s Inspector is responsible for determining that a per-
son to'Whom an inspection function is delegated is
qualified to perform that function.

341 EXAMINATION
341.1 General

Examination applies to quality control functions per-
formed by the manufacturer (for components only),
fabricator, or erector. Reference in this Code tolan exam-
iner is to a person who performs quality control
examinations.

341.2 Responsibility for Examination

Inspection does not relieve the manufacturerf the fabri-
cator, or the erector of the responsibility for
(a) providing materials, components, and workman-
ship in accordance with the requirements of this Code
and of the engineering design [see para. 300(p)(3)]
(b) performing all required examinations
(c) preparing suitable records of examinations and
tests for the Inspector’s use

341.3.1 General. Prior to initial operation each pip-
ing installation, including components and workman-
ship, shall be examined in accordance with the
applicable 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 exami-
nations required by para. 341.4 or by the engineering
design are accepted if they pass the leak test required
by para. 345.

77
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(a) For P-Nos. 3, 4, 5A, 5B, 5C, and 15E materials,
examinations shall be performed after completion of
heat treatment. However, examinations need not be
repeated on welds or portions of welds that are subjected
to additional heat treatments and have not been repaired
by welding.

(b) For a welded branch connection the examination
of and any necessary repairs to the pressure-containing
weld shall be completed before any reinforcing pad or

(d) if all the items examined as required by (c) above
are acceptable, the defective item(s) shall be repaired or
replaced and reexamined as specified in para. 341.3.3,
and 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 represented by the pro-
gressive sampling shall be either

(1) repaired or replaced and reexamined as

saddle is[added:

341.3]2 Acceptance Criteria. Acceptance criteria
shall be g stated in the engineering design and shall at
least megt the applicable requirements stated below.

(a) Welds
(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) Casfings. Acceptance criteria for castings are spec-
ified in plra. 302.3.3.

341.3)3 Defective Components and Workmanship.
Defects {imperfections of a type or magnitude not
acceptable by the criteria specified in para. 341.3.2) shall
be repaited, or the defective item or work shall be
replaced.

Examirfation shall be as follows:

(1) When the defective item or work is repaired, the
repaired portion of the item or work shall be examined.
The examiination shall use the same methods and accept-
ance critdria employed for the original examination.See
also paral 341.3.1(a).

(b) When the defective item or work is replaced, the
new item| or work used to replace the defective item or
work sha]l be examined. The examination shall use any
method and applicable acceptance criteria that meet the
requirenjents for the original.examination. See also
para. 3413.1(a).

341.3l4 Progressive‘Sampling for Examination.
When required spot-er’random examination reveals a
defect, then

(a) twp additional samples of the same kind (if
welded gr bonded ]01nts by the same welder, bonder,
or operat 3
given the same type of 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 sam-
ples 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
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required, or
(2) fully examined and repaired or replaced’as nec-
essary, and reexamined as necessary to meetthe require-
ments of this Code
(f) If any of the defective items are repaired or
replaced, reexamined, and a defect-is’again detecfed in
the repaired or replaced item;, continued progrgssive
sampling in accordance with*(a), (c), and (e) is not
required based on the defects found in the repaif. The
defective item(s) shallbeirepaired or replaced and|reex-
amined until acceptance as specified in para. 341.3.3.
Spot or random.examination (whichever is appli¢able)
is then performed on the remaining unexamined jpints.

341.4 Extent of Required Examination

341:4.1 Examination — Normal Fluid Service. Ifiping
in.Normal Fluid Service shall be examined to the gxtent
specified herein or to any greater extent specified jn the
engineering design. Acceptance criteria are as stafed in
para. 341.3.2 and in Table 341.3.2, for Normal Fluid
Service unless otherwise specified.

(a) Visual Examination. At least the following shhll be
examined in accordance with para. 344.2:
ted at
m to

(1) sufficient materials and components, selec
random, to satisfy the examiner that they confo
specifications and are free from defects.

(2) atleast 5% of fabrication. For welds, each weld-
er’s and welding operator’s work shall be represgnted.

(3) 100% of fabrication for longitudinal welds,
except those in components made in accordance with a
listed specification. See para 341.5.1(a) for examinjation
of longitudinal welds required to have a joint factpr, E;,
of 0.90.

(4) random examination of the assembly of

that they conform to the apphcable requlrernents of
para. 335. When pneumatic testing is to be performed,
all threaded, bolted, and other mechanical joints shall
be examined.

(56) 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.
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Fig. 341.3.2 Typical Weld Imperfections

NN AN\

N NN A\ AN A\ N\ 4 N N N

Lack of fusion between weld bead and base metal

(b) Lack of Fusion Between
(a) Side Wall Lack of Fusion Adjacent Passes

-

ANE/ANE NANEONN

Incomplete filling at root on one side only Incomplete filling at root

(c) Incomplete Penetration due to Internal (d) Incomplete Penetration
Misalignment of Weld Groove

External undercu

=\ - T
7

Root bead fused to both inside-surfaces but Internal undercut
center of root slightly below inside
surface of pipe (not/incemplete penetration)

(e) Concave Root ‘Surface (Suck-Up) (f) Undercut

(g) Excess External Reinforcement
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(b) Other Examination

(1) Not less than 5% of circumferential butt and
miter groove welds shall be examined fully by random
radiography in accordance with para. 344.5 or by ran-
dom 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. They
shall also be selected to maximize coverage of intersec-

of the piping under all conditions of startup, operation,
and shutdown will be accommodated without undue
binding or unanticipated constraint.

(b) Other Examination. All circumferential butt and
miter groove welds and all fabricated branch connection
welds comparable to those shown in Fig. 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 accordance with

tions[with tongitudiat joints. Wiemnm a circumferentiat
weld|with an intersecting longitudinal weld(s) is exam-
ined |at least the adjacent 38 mm (1% in.) of each inter-
secting weld shall be examined. In-process examination
in acprordance with para. 344.7 may be substituted for
all or)part of the radiographic or ultrasonic examination
on a weld-for-weld basis if specified in the engineering
design or specifically authorized by the Inspector.

2) Not less than 5% of all brazed joints shall be
exanlined by in-process examination in accordance with
para|344.7, the joints to be examined being selected to
ensufte that the work of each brazer making the produc-
tion joints is included.

(c)| Certifications and Records. The examiner shall be
assufled, by examination of certifications, records, and
othet evidence, that the materials and components are of
the specified grades and that they have received required
heat freatment, examination, and testing. The examiner
shall{provide the Inspector with a certification that all
the guality control requirements of the Code and of the
engineering design have been carried out.

341.4.2 Examination — Category D Fluid Service.
Pipirlg and piping elements for Category D Fluid Service
as depignated in the engineering design shall be visually
exanjined in accordance with para.344.2 to the extent
necepsary to satisfy the examineér that components,
mateyials, and workmanship_conform to the require-
ments of this Code and the engineering design. Accept-
ance| criteria are as stated'in para. 341.3.2 and in
Tablg 341.3.2, for Categdry’D fluid service, unless other-
wise [specified.

341.4.3 Examination — Severe Cyclic Conditions.
Pipirlg to befused under severe cyclic conditions shall
be examirted ‘to the extent specified herein or to any
er.éxtent specified in the engineering design.

Table 341.3.2, for severe cyclic conditions, unless other-
wise specified.
(a) Visual Examination. The requirements

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 movement

of
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para. 34476 Socket wetds and brarcit conrectjon welds
that are not radiographed shall be examined by|magnetic
particle or liquid penetrant methods in. acgcordance with
para. 344.3 or 344.4.

(c) In-process examination,in-accordapce with
para. 344.7, supplemented by appropriate ngndestruc-
tive examination, may be substituted for the|examina-
tion required in (b) abovedon a weld-for-weld basis if
specified in the engineering design or spegcifically
authorized by the Inspector.

(d) Certification.and Records. The requirgments of
para. 341.4.1(e), apply.

341.4.4 Examination — Elevated Tempergture Fluid (14)
Services, PRiping in Elevated Temperature Flujd Service
shalk be‘examined to the extent specified hefein or to
anygreater extent specified in the engineerirlg design.
Acceptance criteria are as stated in para. 341.3.2 and
in Table 341.3.2, for Normal Fluid Service, unless the
requirements for severe cyclic conditions apply or other-
wise specified.
(a) Visual Examination. The requirements of
para. 341.4.1(a) apply with the following exc¢ptions:

(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, gnd points
of cold spring shall be checked to ensure that thovement
of the piping under all conditions of startup, ¢peration,
and shutdown will be accommodated withqut undue
binding or unanticipated constraint.

(b) Additional Examination. The examinatiop require-
ments of para. 341.4.1(b) apply with the flollowing
exceptions:

(1) Fabrication for longitudinal and spirpl (helical
seam) welds in P-No. 4 and P-No. 5 materidls, except
T T ith a listed
specification, shall be examined by 100% radiography
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 mag-
netic 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
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and Austenitic High Nickel Alloys. Autogenously welded
pipe shall receive nondestructive examination in accor-
dance with the material specification. Autogenously
welded expansion joint bellows shall be examined in
accordance with para. X302.2.2(c).

(d) Certification and Records. The requirements of
para. 341.4.1(c) apply.

341.5 Supplementary Examination

342.2 Specific Requirement

For in-process examination, the examinations shall be
performed by personnel other than those performing
the production work.

343 EXAMINATION PROCEDURES

Any examination shall be performed in accordance
with a written procedure that conforms to one of the

Any of the methods of examination described in
para. 344|may be specified by the engineering design to
supplemgnt the examination required by para. 341.4.
The extept of supplementary examination to be per-
formed ajpd any acceptance criteria that differ from those
in para. p41.3.2 shall be specified in the engineering
design.

341.5]1 Spot Radiography
(a) Lonkitudinal Welds. Spot radiography for longitu-
dinal gropve welds required to have a weld joint factor

methods specified in para. 344, including special neth-
ods (see para. 344.1.2). Procedures shall be-written as
required in the BPV Code, Section V, Arficle’ 1, T-150.
The employer shall certify records of the examirfation
procedures employed, showing dates ‘and results of pro-
cedure qualifications, and shall maintain them and ake
them available to the Inspector’

344 TYPES OF EXAMINATION
344.1 General

E; of 0.90 requires examination by radiography in accor-

dance with para. 344.5 of at least 300 mm (1 ft) in each 344.1.1 Methods. Except as providell in
30 m (100|ft) of weld for each welder or welding operator. para. 344.1,2,"4ny examination required by this Code,
Acceptanfce criteria are those stated in Table 341.3.2 for by the engineering design, or by the Inspector |shall
radiograghy under Normal Fluid Service. be performed in accordance with one of the methods

(b) Cir¢umferential Butt Welds and Other Welds. 1t is
recommepded that the extent of examination be not less
than one|shot on one in each 20 welds for each welder
or welding operator. Unless otherwise specified, accept-
ance critqgria are as stated in Table 341.3.2 for radiograt
phy undé¢r Normal Fluid Service for the type of yjoint
examined.

(c) Progressive Sampling for Examination. The' provi-
sions of para. 341.3.4 are applicable.

(d) Welds to Be Examined. The locatighsof welds and
the points at which they are to be(examined by spot
radiogrdphy shall be selected(ox approved by the
Inspector]

341.5.2 Hardness Tests..\The extent of hardness test-
ing required shall be inaecordance with para. 331.1.7
except as|otherwise specified in the engineering design.

341.5)3 Examinations to Resolve Uncertainty. Any
method 1nay/beused to resolve doubtful indications.
Acceptanderctiteria shall be those for the required

specified herein.

344.1.2 Special Methods. If a method not spefified
herein is to be used, it and its acceptance criteria|shall
be specified in the engineering design in enough ¢etail
to permit qualification of the necessary procedurep and
examiners.

344.1.3 Definitions. The following terms apply to
any type of examination:

100% examination: complete examination of all of a gpeci-
fied kind of item in a designated lot of piping’

random examination* complete examination of § per-
centage of a specified kind of item in a designat¢d lot
of piping’
spot examination:* a specified partial examinatipn of
each of a specified kind of item in a designated |ot of
piping,' e.g., of part of the length of all shop-fabricated
welds in a lot of jacketed piping

examinatiorn:

342 EXAMINATION PERSONNEL

342.1 Personnel Qualification and Certification

Personnel performing nondestructive examination to
the requirements of this Code shall be qualified and
certified for the method to be utilized following a proce-
dure as described in BPV Code, Section V, Article 1,
T-120(e) or (f).

84

! 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 designated lot may be established for differ-
ent kinds of piping work. See Pipe Fabrication Institute Standard
ES-48, Random Examination, for examples of lot selection.

2 Random or spot examination will not ensure a fabrication prod-
uct of a prescribed quality level throughout. Items not examined
in a lot of piping represented by such examination may contain
defects that further examination 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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random spot examination® a specified partial examina-
tion of a percentage of a specified kind of item in a
designated lot of piping'

344.2 Visual Examination

344.2.1 Definition. Visual examination is observa-
tion of the portion of components, joints, and other pip-
ing elements that are or can be exposed to view before,
during, or after manufacture, fabrication, assembly, erec-

(3) four or more relevant rounded indications in a
line separated by 1.5 mm (%, in.) or less, edge to edge

344.4 Liquid Penetrant Examination

344.4.1 Method. Examination of castingsis covered
in para. 302.3.3. Liquid penetrant examination of welds
and of components other than castings shall be per-
formed in accordance with BPV Code, Section V,
Article 6.

tion, lexamination, or testing. This examination includes
verification of Code and engineering design require-
men{s for materials, components, dimensions, joint
preparation, alignment, welding, bonding, brazing, bolt-
ing, threading, or other joining method, supports,
asserhbly, and erection.

344.2.2 Method. Visual examination shall be per-
formpd in accordance with the BPV Code, Section V,
Artidle 9. Records of individual visual examinations are
not required, except for those of in-process examination
as specified in para. 344.7.

344.3 Magnetic Particle Examination

344.3.1 Method. Examination of castings is covered
in pafra. 302.3.3. Magnetic particle examination of welds
and pf components other than castings shall be per-
formed in accordance with BPV Code, Section V,
Artidle 7.

344.3.2 Acceptance Criteria. Magnetic particleGndi-
cations are caused by the attraction of the testmhedia to
surfalce or near-surface discontinuities in the aréa under
test. However, all such indications are net/necessarily
impefrfections, since excessive roughness, magnetic per-
meabjility variations, etc., may producenonrelevant indi-
catigqns. Inadvertent accumulatien of particles not
relate¢d to magnetic attractions classified as a false indi-
catiop. Indications shall be vetified as being relevant,
nonrglevant, or false. Additional surface preparation
and /or other test methods may be used as needed to
verify the relevance 0f an indication.
indication ‘of-an imperfection may be larger than
perfectionthat causes it; however, the size of the
indicption<is\the basis for acceptance evaluation. Only
indicptiong’that have any dimension greater than 1.5 mm
(e i i

(a) Indications

(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.)

85

344.4.2 Acceptance Criteria. Liquid pefiefrant indi-
cations are caused by the bleed-out of a visible ¢r fluores-
cent dye from a surface discontinuity‘in the apea under
test. However, all such indications dare not necessarily
imperfections, since excessive roughness, po¢r surface
preparation, etc., may produce-mionrelevant indications.
Inadvertent evidence of pé€netrant not related to actual
bleed-out is classified as.a‘false indication. Indications
shall be verified as beifig relevant, nonrelevant, or false.
Additional surface pfeparation and/or other fest meth-
ods may be used as needed to verify the relevance of
an indication,

An indication of an imperfection may be lqrger than
the imperfection that causes it; however, the dize of the
indication is the basis for acceptance evaluatfion. Only
indications 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 tlree times
its width.

(b) Examination. All surfaces to be examinefd shall be

free of
(1) relevant linear indications
(2) relevant rounded indications >5.0 mrh (% in.)
(3) four or more relevant rounded indications in a
line separated by 1.5 mm (Y46 in.) or less, edgde to edge

344.5 Radiographic Examination

344.5.1 Method. Radiography of castings is cov-
ered in para. 302.3.3. Radiography of welds and of com-
ponents other than castings shall be performed in
accordance with BPV Code, Section V, Articlg 2.

(a) 100% Radiography. This applies only to girth and
miter groove welds and to fabricated branch connection
welds comparable to Fig. 328.5.4E, unless otherwise
specified in the engineering design.

(b) Random Radiography. This applies only to girth
and miter groove welds.

(c) Spot Radiography. This requires a single exposure
radiograph in accordance with para. 344.5.1 at a point
within a specified extent of welding. For girth, miter,
and branch groove welds the minimum requirement is

(14)
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(1) for 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 _Methad. Examination of castings is covered

(c) fit-up, joint clearance, and internal alignment prior
to joining
(d) variables specified by the joining procedure,
including filler material
(1) (for welding) position and electrode
(2) (for brazing) position, flux, brazing tempera-
ture, proper wetting, and capillary action
(e) (for welding) condition of the root pass after clean-
ing — external and, where accessible, internal — aided

in para. $02.3.3; other product forms are not covered.
Ultrasonic examination of welds shall be performed in
accordange with BPV Code, Section V, Article 4, except
that the plternative specified in (a) and (b) below is
permitted for basic calibration blocks specified in
T-434.2.1|and T-434.3.

(a) When the basic calibration blocks have not
received |heat treatment in accordance with T-434.1.5,
transfer methods shall be used to correlate the responses
from the|basic calibration block and the component.
Transfer|is accomplished by noting the difference
between |responses received from the same reference
reflector in the basic calibration block and in the compo-
nent and|correcting for the difference.

(b) Th¢ reference reflector may be a V-notch (which
must subsequently be removed), an angle beam search
unit acting as a reflector, or any other reflector that will
aid in ac¢omplishing the transfer.

(c) When the transfer method is chosen as an alterna-
tive, it shall be used, at the minimum

(1) for sizes < DN 50 (NPS 2), once in each 10
welded jgints examined

(2) fpr sizes > DN 50 and < DN 450 (NPS(18), once
in each 1|5 m (5 ft) of welding examined

(3) fpr sizes > DN 450, once for each-welded joint
examined

(d) Eadh type of material and each size and wall thick-
ness shallbe considered separately-in applying the trans-
fer meth¢d. In addition, the transfer method shall be
used at l¢ast twice on each type of weld joint.

(e) The reference leveldor monitoring discontinuities
shall be modified to refléct the transfer correction when
the transfer methdd\is used.

344.6.2 Acceptance Criteria. A linear-type disconti-
nuity is ynagceptable if the amplitude of the indication

by Iiquid penefrant or magnefic particle examirfation
when specified in the engineering design
(f) (for welding) slag removal and weld. ¢ond
between passes
(g) appearance of the finished joint

ition

344.7.2 Method. The examination is visupl, in
accordance with para. 344.2, ufiless additional methods
are specified in the engineering design.

345 TESTING
345.1 Required-Leak Test

Prior to initidl operation, and after completion ¢f the
applicable examinations required by para. 341, eaclp pip-
ing system shall be tested to ensure tightness. The test
shalldbe’a hydrostatic leak test in accordance|with
para."345.4 except as provided herein.

(a) At the owner’s option, 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 accordancg with
para. 345.5 or a combined hydrostatic-pneumatic flest in
accordance with para. 345.6 may be substituted, recog-
nizing the hazard of energy stored in compressed gas.

(c) Where the owner considers both hydrostatif and
pneumatic leak testing impracticable, the alterrfative
specified in para. 345.9 may be used if both of the fqllow-
ing conditions apply:

(1) a hydrostatic test would
(a) damage linings or internal insulation
(b) contaminate a process that would be hazard-
ous, corrosive, or inoperative in the presence of mojsture

(c) require significant support modificatioxlls for
the hyr*]rr\cl-nh'n test load-or

eXCeeds t 1€ referen(.e 1EV€1 dlld i(b leugth EX(_CEL‘[D
(@) 6 mm (% in.) for T, < 19 mm (% in.)
(b) T,/3 for 19 mm < T,, < 57 mm (2% in.)
(¢) 19 mm for T,, > 57 mm

344.7 In-Process Examination

344.7.1 Definition. In-process examination com-
prises examination of the following, as applicable:

(a) joint preparation and cleanliness

(b) preheating

86

(d) present the danger of brittle fracture due to
low metal temperature during the test
(2) a pneumatic test would
(a) present an undue 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.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Methanex Corp/5975064001
Not for Resale, 06/16/2015 06:19:47 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2014.pdf

ASME B31.3-2014

345.2 General Requirements for Leak Tests

Requirements in para. 345.2 apply to more than one
type of leak test.

345.2.5 Jacketed Piping

(a) The internal line shall be leak tested on the basis
of the internal or external design pressure, whichever
is critical. This test must be performed before the jacket

(14) 345.2.1 Limitations on Pressure is completed if it is necessary to provide visual access
(a) Stress Exceeding Yield Strength. If the test pressure  tO joints of the internal line as required by para. 345.3.1.
would produce a circumferential pressure or longitudi- (b) The jacket shall b? leak tesited in accc?rdance with
nal stress (based on minimum pipe wall thickness) in ~ Para. 345.1 on the ba§1§ Of' the ]ackejc des'lgn pressure
excess of yield strength at test temperature, the test unless otherwise specified in the engineering design.
presgure may be reduced to the maximum pressure that 345.2.6 Repairs or Additions After Leak.Tasting. If
will hot exceed the yield strength at test temperature.  repairs or additions are made following theledk test, the
[See paras. 302.3.2(e) and (f).] affected piping shall be retested, except-that for minor
(b)| Test Fluid Expansion. If a pressure test is to be  repairs or additions the owner may Waive retegt require-
mainjtained for a period of time and the test fluid in the =~ ments when precautionary meastires are taker| to assure
system is subject to thermal expansion, precautions shall ~ sound construction.
be taken to avoid excessive pressure. 345.2.7 TestRecords. ,Records shall be mafle of each
(c)| Preliminary Pneumatic Test. A preliminary test piping system during the'testing, including
using air at no more than 170 kPa (25 psi) gage pressure (a) date of test
may [be made prior to hydrostatic testing to locate (b) identification Of piping system tested
majof leaks. (c) test fluid
(14) 345.2.2 Other Test Requirements (d) test pregsure

(a)| Examination for Leaks. The leak test pressure shall
be mnfaintained for at least 10 min and then all joints
and gonnections shall be examined for leaks. The test
presgure may be reduced to not less than the design
presgure while performing this examination.

(b)| Heat Treatment. Leak tests shall be conducted aftet:
any leat treatment has been completed.

(c)| Low Test Temperature. The possibility of brittlefrac-
ture shall be considered when conducting leak tests at
metall temperatures near the ductile-brittlestransition
temperature.

345.2.3 Special Provisions for Testing

(a)| Piping Components and Subassemblies. Piping com-
ponents and subassemblies may’ be tested either sepa-
rately or as assembled piping.

(b)| Flanged Joints. Flanged joints used to connect pip-
ing cpmponents and/subassemblies that have previously
been|tested, and flahged joints at which a blank or blind
is usq¢d to isolate;lequipment or other piping during a test,
need|not betlgak tested in accordance with para. 345.1.

(c)| Clasutre Welds. The final weld connecting piping
systgmgror components that have been successfully

(e) certification of results by examiner
These records need not be retained after cgmpletion
of theMest if a certification by the Inspectof that the
piping has satisfactorily passed pressure flesting as
required by this Code is retained.

345.3 Preparation for Leak Test

345.3.1 Joints Exposed. Alljoints, welds (including
structural attachment welds to pressure-contaiping com-
ponents), and bonds shall be left uninsulpted and
exposed for examination during leak testing, except that
joints previously tested in accordance with this Code
may be insulated or covered. All joints may Qe primed
and painted prior to leak testing unless a sengitive leak
test (para. 345.8) is required.

345.3.2 Temporary Supports. Piping dedigned for
vapor or gas shall be provided with additionpl tempo-
rary supports, if necessary, to support the weight of test
liquid.

345.3.3 Piping With Expansion Joints

(a) Unrestrained expansion joints depend oh external
main anchors to resist pressure thrust forces. [Except as
limited in para. 345.3.3(c), a piping system dontaining

tested In accordance with para. 345 need not be leak
tested provided the weld is examined in-process in
accordance with para. 344.7 and passes with 100% radio-
graphic examination in accordance with para. 344.5 or
100% ultrasonic examination in accordance with
para. 344.6.

345.2.4 Externally Pressured Piping. Piping subject
to external pressure shall be tested at an internal gage
pressure 1.5 times the external differential pressure, but
not less than 105 kPa (15 psi).

87

TmTestrained expansion joints shattbeteak tested with-
out any temporary restraints in accordance with
para. 345 up to 150% of the expansion joint design pres-
sure. 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 be tem-
porarily removed or temporary restraints shall be added
to resist the pressure thrust forces.
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(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 para. 345.3.3(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 manufac-
turer in accordance with Appendix X may be excluded
from the system to be leak tested, except when a sensi-

system, other than pipe-supporting elements and bolt-
ing, may be used to determine the S1/S ratio based on the
applicable allowable stresses obtained from Table A-1.In
those cases where the piping system may be made up
of equivalent lengths of more than one material, the 51/S
ratio shall be based on the minimum calculated ratio of
the included materials.

(d) if the test pressure as defined above would pro-
duce a circumferential pressure or longitudinal stress

tive leak festTrraccordarce withrpara—345:8 Ts Tequired:
Restraint|hardware for all types of expansion joints shall
be desigmned for the pressure thrust forces at the test
pressure.

(c) When a metallic bellows expansion joint is
installed in the piping system subject to a leak test and
the leak fest pressure determined in accordance with
para. 345|exceeds the pressure of the test performed by
the manyfacturer in accordance with Appendix X, the
required Jeak test pressure shall be reduced to the manu-
facturer’s test pressure.

345.3)4 Limits of Tested Piping. Equipment that is
not to be| tested shall be either disconnected from the
piping o1 isolated by blinds or other means during the
test. A vallve may be used provided the valve (including
its closurf mechanism) is suitable for the test pressure.

345.4 Hydrostatic Leak Test

345.4/1 Test Fluid. The fluid shall be water unless
there is the possibility of damage due to freezing or.to
adverse ¢ffects of water on the piping or the pregess
(see paraf F345.4.1). In that case another suitable\rion-
toxic liquiid may be used. If the liquid is flammable, its
flash poiTt shall be at least 49°C (120°F), and.consider-
ation shall be given to the test environment.

(based o T pipe wall thickmess) i excess of
the yield strength at test temperature or a pressuré[more
than 1.5 times the component rating at test témperature,
the test pressure may be reduced to the maximum|pres-
sure that will not exceed the lesser of,the-yield strength
or 1.5 times the component ratings(at test temperature.
[See paras. 302.3.2(e) and (f).] For metallic bellows
expansion joints, see AppendixX, para. X302.2.3(h).

345.4.3 Hydrostatic Test-of Piping With Vessels as a
System >

(a) Where the test(pressure of piping attached to a
vessel is the samécas or less than the test pressute for
the vessel, the-piping may be tested with the vesgel at
the piping test\pressure.

(b) Where'the test pressure of the piping exceeds the
vessel test pressure, and it is not considered practicable
to isolate the piping from the vessel, the piping ar|d the
vessel may be tested together at the vessel test pregsure,
provided the owner approves and the vessel test[pres-
sure is not less than 77% of the piping test pressure
calculated in accordance with para. 345.4.2(b).

345.5 Pneumatic Leak Test

345.5.1 Precautions. Pneumatic testing invplves
the hazard of released energy stored in compressedl gas.
Particular care must therefore be taken to minimize the

(14) 345.42 Test Pressure. Except as provided in para.  chance of brittle failure during a pneumatic leal test.
345.4.3, the hydrostatic test pregsure at every pointina  Test temperature is important in this regard and jmust
metallic piping system shall be.as follows: be considered when the designer chooses the mdterial

(a) not{less than 1.5 times.the design pressure.

(b) when the design temperature is greater than the
test tempprature, the minimum test pressure, at the point
under copsideratiofi, shall be calculated using eq. (24).

of construction. See para. 345.2.2(c) and Appendlix F,

paras. F323.4 and F345.5.1.

345.5.2 Pressure Relief Device. A pressure [relief
device shall be provided, having a set pressurge not
higher than the test pressure plus the lesser of 34p kPa

Pr = 1.5 PSy/S (24) (50 psi) or 10% of the test pressure.
where 345-5-3—F id- td-if not
P = internal design gage pressure air, shall be nonflammable and nontoxic.
Pr = minimum test gage pressure ) 345.5.4 Test Pressure. The test pressure shall be (14)
S5 = allowable stress at component designtempera- ¢ Jegs than 1.1 times the design pressure and shall not
ture for the prevalent pipe material; see  oyceed the lesser of
Table A-1 (a) 1.33 times the design pressure
S5r = allowable stress at test temperature for the (b) the pressure that would produce a circumferential

prevalent pipe material; see Table A-1

(c) in those cases where the piping system may not
include pipe itself, any other component in the piping

88

pressure or longitudinal stress (based on minimum pipe

3 The provisions of para. 345.4.3 do not affect the pressure test
requirements of any applicable vessel code.
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wall thickness) in excess of 90% of the yield strength of
any component at the test temperature

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).
Thereafter, the pressure shall be gradually increased in
steps until the test pressure is reached, holding the pres-

(b) the pressure shall be gradually increased until a
gage pressure equal to the lesser of one-half the test
pressure or 170 kPa (25 psi) is attained, at which time
a preliminary check shall be made. Then the pressure
shall be gradually increased in steps until the test pres-
sure is reached, the pressure being held long enough at
each step to equalize piping strains.

345.9 Alternative Leak Test

sure fat each step long enough to equalize piping strains.
The pressure shall then be reduced to the design pressure
befofe examining for leakage in accordance with
para/345.2.2(a).

345.

If 3 combination hydrostatic-pneumatic leak test is
used| the requirements of para. 345.5 shall be met, and
the pressure in the liquid filled part of the piping shall
not eixceed the limits stated in para. 345.4.2.

b Hydrostatic-Pneumatic Leak Test

345.7 Initial Service Leak Test

This test is applicable only to piping in Category D
Fluid Service, at the owner’s option. See para. 345.1(a).

345.7.1 Test Fluid. The test fluid is the service fluid.

34
tion,

5.7.2 Procedure. During or prior to initial opera-
the pressure shall be gradually increased in steps
untiljthe operating pressure is reached, holding the pres+
sure at each step long enough to equalize piping strains.
A preliminary check shall be made as described in
para]345.5.5 if the service fluid is a gas or vaper.

345.7.3 Examination for Leaks. The examination for
leaks) required by para. 345.2.2(a) shall be conducted
whilg the system is at operating pressure. It is permissi-
ble t¢ omit examination for leaks ‘ofjoints and connec-
tions| previously tested in accordance with this Code.

345.

Sensitive Leak Test

Th£ test shall be the \Bubble Test — Direct Pressure
Techpique in accordahce with the BPV Code, Section V,
Artidle 10, Apperidix T or another leak test method that
has 4 demonsttated sensitivity not less than 107 std
ml/s|underttést conditions.

WHhen the Bubble Test — Direct Pressure Technique
is used

The following procedures and Ieak test methpd may be
used only under the conditions stated in parg. 345.1(c).

345.9.1 Examination of Welds. Welds, including
those used in the manufacture of welded pipe and fit-
tings, that have not been subjected to hydrpstatic or
pneumatic leak tests in accordamce with this Code, shall
be examined as follows:

(a) Circumferential, Jongitudinal, and spirgl (helical
seam) groove welds §hall be 100% radiographed in
accordance with¢para. 344.5 or 100% ultraponically
examined in accérdance with para. 344.6.

(b) All welds, including structural attachmd
not cover€din (a) above, shall be examined [using the
liquid penetrant method (para. 344.4) or, for[magnetic
matérials, the magnetic particle method (parq. 344.3).

345.9.2 Flexibility Analysis. A flexibility analysis
of the piping system shall have been made in a¢cordance
with the requirements of para. 319.4.2 (b), if applicable,
or (c) and (d).

345.9.3 Test Method. The system shall be[subjected
to a sensitive leak test in accordance with pafa. 345.8.

nt welds,

346 RECORDS

346.2 Responsibility

It is the responsibility of the piping designer, fhe manu-
facturer, the fabricator, and the erector, as appllicable, to
prepare the records required by this Code and by the
engineering design. :

346.3 Retention of Records

Unless otherwise specified by the engineering design,
the following records shall be retained for at legst 5 years
after the record is generated for the project:

(a) The test pressure shall be at least the lesser of
105 kPa (15 psi) gage or 25% of the design pressure.
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Chapter VII
Nonmetallic Piping and Piping Lined With Nonmetals

A300 GENERAL STATEMENTS

A302.1 General

(a) Chgpter VII pertains to nonmetallic piping and to
piping limed with nonmetals.

(b) Th¢ organization, content, and paragraph desig-
nations of this Chapter correspond to those of the first
six Chapters (the base Code). The prefix A is used.

(c) Prdvisions and requirements of the base Code
apply only as stated in this Chapter.

(d) Metallic piping that provides the pressure contain-
ment for a nonmetallic lining shall conform to the
requirements of Chapters I through VI, and to those in
Chapter VII not limited to nonmetals.

(e) Thip 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
Paragrlaph 301 applies in its entirety, with the
exceptior] of paras. 301.2 and 301.3. See below.

A301.2 Design Pressure

Paragra
erences t
to paras.

ph 301.2 applies in its entirety-€xcept that ref-
paras. A302.2.4 and A304.teplace references
302.2.4 and 304, respectively.

A301.3 Design Temperature

Paragrg

A301
Paragrap
than pard

A301.3
design temperature shall be the fluid temperature,
unless a higher temperature will result from solar radia-
tion or other external heat sources.

ph 301.3 applies.with the following exceptions.

.3.1 Design Minimum Temperature.
h 301.3'%applies; but see para. A323.2.2, rather
. 32322

A302 DESIGN CRITERIA

Paragraph A302 states pressure—temperature ratings,
stress criteria, design allowances, and minimum design
values, together with permissible variations of these fac-
tors as applied to the design of piping.
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The designer shall be satisfied as to the adequacy
nonmetallic material and its manufacture, censidering
at least the following:

(a) tensile, compressive, flexural, and shear strangth,
and modulus of elasticity, at designtémperature [(long
term and short term)

(b) creep rate at design conditions

(c) design stress and its basis

(d) ductility and plasticity

(e) impact and therimal shock properties

(f) temperaturedimits

(g) transitiofiy“temperature
vaporization

(h) porosity and permeability

(i) testing methods

(j\m¥ethods of making joints and their efficieng

(k)“possibility of deterioration in service

and

melting

A302.2 Pressure-Temperature Design Criteria

A302.2.1 Listed Components Having Establ
Ratings. Paragraph 302.2.1 applies, except that
ence to Table A326.1 replaces reference to Table 3

A302.2.2 Listed Components Not Having Spgcific
Ratings. Nonmetallic piping components for which
design stresses have been developed in accordancq with
para. A302.3, but which do not have specific prespure—
temperature ratings, shall be rated by rules for pressure
design in para. A304, within the range of temperdtures
for which stresses are shown in Appendix B, modlified
as applicable by other rules of this Code.

Piping components that do not have allowable st1
or pressure-temperature ratings shall be qualifie
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 A304.7.2 replace references to
Table 326.1 and paras. 304 and 304.7.2, respectively.

shed
refer-
D6.1.

esses
d for

A302.2.4 Allowances for Pressure and Temperature
Variations

(a) Nonmetallic Piping. Allowances for variations of
pressure or temperature, or both, above design condi-
tions are not permitted. The most severe conditions of
coincident pressure and temperature shall be used to
determine the design conditions for a piping system.
See paras. 301.2 and 301.3.
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(b) Metallic Piping With Nonmetallic Lining. Allow-
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 estab-
lished through prior successful service experience or
tests under comparable conditions.

A302.2.5 Rating at Junction of Different Services.
When two services that operate at different pressure—
temperature conditions are connected, the valve segre-

shall be one-tenth of the minimum tensile strengths spec-
ified in Table 1 of ASTM C582 and are valid only in the
temperature range from -29°C (-20°F) through
82°C (180°F).

(c) Reinforced Thermosetting Resin and Reinforced Plastic
Mortar (Filament Wound and Centrifugally Cast). The
hydrostatic design basis stress (HDBS) values for materi-
als listed in Table B-3 shall be obtained by the procedures
in ASTM D2992 and are valid only at 23°C (73°F). HDS

gatinig the two services shall be rated for the more severe
servife condition.

A302.3 Allowable Stresses and Other Design Limits

shall be obtamned by multiplying the HDBS by a service
(design) factor® selected for the applicatiori;|in accor-
dance with procedures described innASTM D2992,
within the following limits:

(1) When using the cyclie, HDBS, the service

A302.3.1 General (design) factor F shall not exceed 1.0.
(a)| Table B-1 contains hydrostatic design stresses (2) When using the stafic HDBS, th¢ service

(HD$). Tables B-2 and B-3 provide listings of specifica- (design) factor F shall ndt-éxceed 0.5.
tions| that meet the criteria of paras. A30_2‘3'2(b) and (d) Other Materials. CAllowable pressures in ables B-4
(c), rpspectively. Tables B-4 and B-5 contain allowab.le and B-5 have been\determined conservatiyely from
presgures. These HDS Valu.es, allowable st.ress criteria, physical properties‘of materials conforming to| the listed
and gressures shall be used in accordance with the Notes specificationsizand have been confirmed by [extensive

to Appendix B, and may be used in design calculations
(whefre the allowable stress S means the appropriate
design stress) except as modified by other provisions of
this Code. Use of hydrostatic design stresses for calcula-
tions| other than pressure design has not been verified.
The ases for determining allowable stresses and pres-
sureq are outlined in para. A302.3.2.

(b)] The stresses and allowable pressures are groupéd
by mpterials and listed for stated temperatures. Straight-
line jnterpolation between temperatures is permissible.

302.3.2 Bases for Allowable Stresses and

experience,"Use of other materials shall be qyalified as
required Dy para. A304.7.2.

A302.3.3 Limits of Calculated Stressds 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 tp uniform
external pressure shall be considered safe whep the wall
thickness of the component and its means of [stiffening
have been qualified as required by para. A304.7.2.

Pressures ! (c) External Loading Stresses. Design of piping under
(a)| Thermoplastics. The method ofidétermining HDS external loading shall.be bése.d on the followjing:

is depcribed in ASTM D2837. HDS yalues are given in (1) Thermoplastic Piping. ASTM Dp321 or

Tablg B-1 for those materials and temperatures for which AWWA C900.

suffigient data have been compiled to substantiate the (2) Reinforced Thermosetting Resin (RTR) and

determination of stress. Reinforced Plastic Mortar (RPM) Piping. ASTM|D3839 or

(b)| Reinforced Thermugsetting Resin (Laminated). The
design stress (DS) vdlues for materials listed in Table B-2

es of ASTM Specifications and AWWA Standards referenced
are as follows:

Cl14,€oncrete Sewer, Storm Drain, and Culvert Pipe
(@301, Method of Testing Vitrified Clay Pipe

! Tit
hereir
ASTM
ASTM

Appendix A of AWWA C950.

(3) Strain and possible buckling shall be cpnsidered
when determining the maximum allowable fleflection
in (1) or (2) above, but in no case shall the pllowable
diametral deflection exceed 5% of the pipe inside
diameter.

(4) Nonmetallic piping not covered in [1) or (2)

ASTM—582;
(RTP) Laminates for Corrosion Resistant Equipment

ASTM D2321, Practice for Underground Installation of
Thermoplastic Pipe for Sewers and Other Gravity-Flow
Applications

ASTM D2837, Test Method for Obtaining Hydrostatic Design Basis
for Thermoplastic Pipe Materials or Pressure Design Basis for
Thermoplastic 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 C900, PVC Pressure Pipe, 4-inch through 12-inch, for Water

AWWA (€950, Glass-Fiber-Reinforced Thermosetting Resin
Pressure Pipe

Cromatarmbed eI aad 1 _T1 s Plochs
Conmactiviortet ReMTorcet e MOSeTt g~ 1astic
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above shall be subjected to a crushing or three-edge
bearing test in accordance with ASTM C14 or C301;
the allowable load shall be 25% of the minimum value
obtained.

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 (2), it is not the intent of this
Code to specify service (design) factors.
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A302.3.4 Limits of Calculated Stresses Due to
Occasional Loads

(a) Operation. The sum of the stresses in any compo-
nent in a piping system due to sustained loads, such as
pressure and weight, and of the stresses produced by
occasional loads, such as wind or earthquake, shall not
exceed the limits in the applicable part of para. A302.3.3.
Wind and earthquake forces need not be considered as
acting concurrently.

T = pipe wall thickness (measured or minimum in
accordance with the purchase specification)
pressure design thickness, as calculated in
accordance with para. A304.1.2 for internal
pressure or as determined in accordance with
para. A304.1.3 for external pressure
minimum required thickness, including

mechanical, corrosion, and erosion allowances

A304.1.2 Straight Nonmetallic Pipe Under Internal

tm

(b) Tesf—Stresses due to test CONAItions are Nnot subject
to the linpitations in para. A302.3.3. It is not necessary
to consider other occasional loads, such as wind and
earthquake, as occurring concurrently with test loads.

A302.4 Allowances

Paragre ph 302.4 applies in its entirety.

; PART 2
'PRESSURE DESIGN OF PIPING COMPONENTS

A303 GENERAL

Paragrpph 303 applies, except that references to
Table A3P6.1 and para. A302.2.1 replace references to
Table 326.1 and para. 302.2.1. For nonmetallic compo-
nents, reference to para. A304 replaces reference to
para. 304

A304 PBRESSURE DESIGN OF PIPING
COMPONENTS

A304.1 $traight Pipe

A304.1.1 General
(a) Thg required thickness of straight sections of pipe
shall be determined by eq. (25).

tw =t+c

(25)

The mi
sidering
less than

(b) The
tions for

himum thickness T for.the pipe selected, con-
manufacturer’s minus tolerance, shall be not
t

following rfomenclature is used in the equa-
pressure, design of straight pipe:
lhe sum.6f mechanical allowances (thread or

allowance. For threaded components, the nomi-
al tnread acptn (a1mer OIl /T 0T ASIVIE DI1.ZU.

or equivalent) shall apply. For machined sur-

faces or grooves where the tolerance is not spec-

ified, the tolerance shall be assumed to be

0.5 mm (0.02 in.) in addition to the specified

depth of the cut.

outside diameter of pipe

service (design) factor. See para. A302.3.2(c).

internal design gage pressure

design stress from applicable Table in

Appendix B

nom T
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Pressure. The internal pressure design thickngss, ¢,
shall be not less than that calculated by one of thetdllow-
ing equations, using stress values listed in‘er dgrived
from the appropriate table in Appendix)B:

(a) Thermoplastic Pipe [See Para. A302.3.2(a)]

PD

t=5crp (Table B-1) (26a)

(b) RIR (Laminated) Pipe_JSee Para. A302.3.2(b)

PD

= (Table B-2) (26b)°

(c) RTR (Filament Wound) and RPM (Centrifugally|Cast)

Pipe [See Para. A302.3.2(c)]
__FPD 3
t=Serp (Table B-3) (26¢)

A304.1.3 Straight Pipe Under External Pressure
(a) Nonmetallic Pipe. The external pressure dpsign
thickness, t, shall be qualified as requirefl by
para. A304.7.2.
(b) Metallic Pipe Lined With Nonmetals
(1) The external pressure design thickness, t, for the
base (outer) material shall be determined in accordlance
with para. 304.1.3.
(2) The external pressure design thickness,
the lining material shall be qualified as requirg
para. A304.7.2.

t, for
d by

A304.2 Curved and Mitered Segments of Pipe

A304.2.1 PipeBends. The minimum required thick-
ness, t,, of a bend, after bending, shall be deterrhined
as for straight pipe in accordance with para. A304.1.

A304.2.2 Elbows. Manufactured elbows njot in
accordance with para. A303 shall be qualified as required

oV para: UT.7 .Z.

A304.2.3 Miter Bends. Miter bends shall be quali-
fied as required by para. A304.7.2.

A304.3 Branch Connections

A304.3.1 General. A pipe having a branch connec-
tion is weakened by the opening that must be made in

% The internal design pressure thickness t shall not include any
thickness of the pipe wall reinforced with less than 20% by weight
of reinforcing fibers.
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itand, unless the wall thickness of the pipe is sufficiently
in excess of that required to sustain the pressure, it is
necessary to provide added reinforcement. The amount
of reinforcement shall be qualified as required by
para. A304.7.2 except as provided in para. A304.3.2.

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 exter-
nal pressure that will be applied to it if it utilizes a fitting

A304.7 Pressure Design of Other Components

A304.7.1 Listed Components. Other pressure con-
taining 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-

(a teg, lateral, or cross) in accordance with para. A303.

A304.3.3 Additional Design Considerations. The
requfirements of paras. A304.3.1 and A304.3.2 are
intenided to assure satisfactory performance of a branch
conngction subjected only to internal or external pres-
sure.[The designer shall also consider paras. 304.3.5(a),
(c), and (d).

A304.4 Closures

Clgsures not in accordance with para. A303 shall be
qualJ(ied as required by para. A304.7.2.
A30

A3
(a)
A304

.5 Pressure Design of Nonmetallic Flanges

$04.5.1 General

Flanges not in accordance with para. A303, or
.5.1(b) or (d) shall be qualified as required by
para| A304.7.2.

(b)| Flanges for use with flat ring gaskets may be
designed in accordance with the BPV Code, Section VHI,
Divigion 1, Appendix 2, except that the allowable
stresges and temperature limits of this Code shall gov-
ern. Nomenclature shall be as defined in the. BPV Code,

except for the following;:
P [= design gage pressure
S, |= bolt design stress at atmospheric temperature®
Sy |= bolt design stress at degigi temperature*
Sr|= allowable stress fgt flange material from
Table B-1, B-2, or B-3
(c)| The rules in (b).above are not applicable to a

flangeed joint having¢a-gasket that extends outside the

wheTe Im para. A304 o ot apply, stail bejbased on
calculations consistent with the design qritéfia of this
Code. Calculations shall be substantiated by ope or both
of the means stated in (a) and (b)-beloew, cansidering
applicable ambient and dynamic,effects in pdras. 301.4
through 301.11.
(a) extensive, successful service experierfce under
comparable design conditions with similarly propor-
tioned components made‘of the same or like[material
(b) performance test-inder design conditiofis includ-
ing applicable dynamic and creep effects, continued for
a time period/sufficient to determine the acdeptability
of the component or joint for its design life
For (a)‘er (b) above, the designer may interpolate
between sizes, wall thicknesses, and pressute classes,
and may determine analogies among related materials.

A304.7.3 Nonmetallic Components WitH Metallic
Pressure Parts. Components not covered by $tandards
in Table A326.1, in which both nonmetallic anfl metallic
parts contain the pressure, shall be evaluated bl applica-
ble requirements of para. 304.7.2 as well ag those of
para. A304.7.2.

PART 3
FLUID SERVICE REQUIREMENTS FOR PIPING
COMPONENTS

A305 PIPE

Listed pipe may be used in Normal Fluidl Service,
subject to the limitations of the pressure-c¢ntaining
material and para. A323.4. Unlisted pipe may be used

bolts|(usually tosthe outside diameter of the flange). only in accordance with para. A302.2.3.
(d)| For flariges that make solid contact outside the
bolts| Section:VIII, Division 1, Appendix Y should be
used A306 FITTINGS, BENDS, MITERS, LAPS, AND
BRANCH CONNECTIONS
AE-e#TSﬁ_B.H'ITd_FlalISCS- Blillb‘l ﬁaugcb llU‘l ill dCLUIL=

dance with para. A303 may be designed in accordance
with para. 304.5.2, except that allowable stress S shall
be taken from Tables in Appendix B. Otherwise, they
shall be qualified as required by para. A304.7.2.

A304.6 Reducers

Reducers not in accordance with para. A303 shall be
qualified as required by para. A304.7.2.

* Bolt design stresses shall not exceed those in Table A-2.
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General. Fittings, bends, miters, laps, and branch con-
nections may be used in accordance with paras. A306.1 -
through A306.5. Pipe and other materials used in such -
components shall be suitable for the manufacturing pro-
cess and the fluid service. :

A306.1 Pipe Fittings

A306.1.1 Listed Fittings. Listed fittings may be used
in Normal Fluid Service subject to limitations on
materials.
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A306.1.2 Unlisted Fittings. Unlisted fittings may be
used only in accordance with para. A302.2.3.

A306.2 Pipe Bends

A306.2.1 General. A bend made in accordance with
para. A332 and verified for pressure design in accor-
dance with para. A304.2.1 shall be suitable for the same
service as the pipe from which it is made.

A306.2.2 Corrugated and Other Bends. Bends of

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

other dedigns (such as creased or corrugated) shall be  subject fo the requirements for threaded joirjts in
qualified for pressure design as required by  para. A3l4.
para. A3(4.7.2. .
. A308.3 Flange Facings
A306.3 Miter Bends Paragraph 308.3 applies in its entirety:
Except ps specified in para. 306.3.2, a miter bend that
conformsjto para. A304.2.3 may be used in Normal Fluid A308.4 Limitations on Gaskets
Service. See also Appendix F, para:.F308.4.
A306.4 Iabrfcated or. Flared Laps o A308.4.1 Lining Used~as Facing or Gasket. Llining
The following requirements do not apply to fittings  material extended oyeér the flange face and used as a

conformihg to para. A306.1.

A306.

(a) Thd
be met.

(b) Lap) material shall be suitable for the service condi-
tions. Pregssure design shall be qualified as required by
para. A3(4.7.2.

A306.4.2 Flared Laps. Flared laps shall not be used
in nonmgtallic piping.

A306.5 |

The following requirements do not apply to fittings
conformihg to para. A306.1.

A306.
made by
pipe, wit
para. 328
Normal H
qualified

A306.%.2 Specific Requirements. Fabricated branch
connectigns shall be'miade as specified in para. A328.5.

.1 Fabricated Laps
requirements in paras. 306.4.1(a) and (b) shall

abricated Branch Connections

b.1 General. A fabricated brafich connection
bonding the branch pipe directly to the header
h or without added reinforcement as stated in
5.4, and shown in Fig-328'5.4, may be used in
luid Service, provided-that pressure design is
as required by para.vA304.7.2.

A307 MALVES:AND SPECIALTY COMPONENTS
Paragrdph’307 applies in its entirety, except that in

gasket shall confofm to para. 308.4.

A309 BOLTING
Bolting includes bolts, bolt studs, studs, cap sdrews,
nuts,@nd washers. See Appendix F, para. F309.
A309.1 General
Paragraph 309.1 applies in its entirety.

A309.2 Specific Bolting

Any bolting that meets the requirements of para.|309.1
may be used with any combination of flange materials
and flange facings. Joint assembly shall conform {o the
requirements of para. A335.2.

A309.3 Tapped Holes in Nonmetallic Components

Tapped holes for pressure-retaining bolting in pliping
components may be used provided pressure desjgn is
qualified as required by para. A304.7.2.

PART 4
FLUID SERVICE REQUIREMENTS FOR PIPING )O

A310 GENERAL

INTS

para. 307.1.2 reference to paras. A302.2.3 and A304.7.2
replaces reference to paras. 302.2.3 and 304.7.2,
respectively.

A308 FLANGES, BLANKS, FLANGE FACINGS, AND
GASKETS

A308.1 General

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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Paragraph 310 applies in its entirety.

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.
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A311.2 Specific Requirements

A311.2.1 Fillet Bonds. A fillet bond may be used
only in conjunction with a qualified hot gas welding
procedure for bonding (see para. A328.5.2).

A311.2.2 Seal Bonds. A seal bond may be used
only to prevent leakage of a threaded joint and only if it
has been demonstrated that there will be no deleterious
effect on the materials bonded.

factory cut or molded in the bottom portions of fittings
with deep sockets.

(d) Factory cut or molded threaded nipples, cou-
plings, or adapters, bonded to plain-end RTR pipe and
fittings, may be used where it is necessary to provide
connections to threaded metallic piping.

A314.2.3 Reinforced Plastic Mortar Piping.
Threaded joints are not permitted in reinforced plastic

A311.2.3 Joints Limited to Category D Fluid Service.
Jointls that have been examined in accordance with
para| 341.4.2 may be used only for Category D Fluid
Service.

A312 FLANGED JOINTS

Th¢ designer should consult the manufacturer for rat-
ings ¢f flanged joints in nonmetallic piping and in piping
lined| with nonmetals.

A313 EXPANDED JOINTS

Pagagraph 313 applies in its entirety.

A314
A31

A threaded joint is suitable for use in Normal Fluid
Servike, subject to the limitations of the material-and
requirements elsewhere in para. A314. A joint conform-
ing tp para. 314.1(d) shall not be used.

THREADED JOINTS
.1 General

A314.2 Specific Requirements
A314.2.1 Thermoplastic Piping
(a)| Polyethylene (PE) pipe and\tubing shall not be
joinefl by threaded joints.
(b)| Threaded joints in otherthermoplastic piping shall
confgrm to all of the following:
1) The pipe wall'shall be at least as thick as
Hule 80 as defihed in ASTM D1785.
2) Threads 'shall be NPT, and shall conform to
ASME B1.20.X1 ,0or ASTM F1498.
3) Threads shall conform to applicable standards
in Taple ‘A326.1.
4)\(A suitable thread sealant shall be used.

Sche

mortar (RPM) pinine.
\ 7 r°r O

A315 TUBING JOINTS

Paragraph 315 applies in its entitety, subject tp material
limitations, exclusion of 315.2(b)fegarding seyere cyclic
conditions, and replacement of reference to Thble 326.1
and para. 304.7.2 with refefence to Table A$26.1 and
para. A304.7.2, respectively.

A316 CAULKED JOINTS

Paragraph 316 applies in its entirety.

A318 SPECIAL JOINTS

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

A318.1 General

bt that, in
ces refer-

Paragraph 318.1 applies in its entirety, exce
para. 318.1.2, reference to para. A304.7.2 repld
ence to para. 304.7.2.

A318.2 Specific Requirements

Paragraph 318.2 applies with the exce
para. 318.2.3.

ption of

A318.3 Piping Lined With Nonmetals

A318.3.1 Welding of Metallic Piping
(a) General. Joints made in accordance with
in para. A329.1 may be used in Normal Flui

the rules
 Service,

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 permit-
ted, except where such threads are limited to the func-
tion of a mechanical lock to matching internal threads
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subject to materiat Hmitatiorrs:
(b) Specific Requirements. Welds shall be limited to
those that do not affect the serviceability of the lining.

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.

Licensee=Methanex Corp/5975064001
Not for Resale, 06/16/2015 06:19:47 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2014.pdf

ASME B31.3-2014

A318.4 Flexible Elastomeric Sealed Joints

Flexible elastomeric seals conforming to the following
may be used in Normal Fluid Service, subject to material
limitations:

(a) Seals for joints in thermoplastic piping shall con-
form to ASTM D3139.

(b) Seals for joints in RTR and RPM piping shall con-
form to ASTM D4161.

may occur upon repeated thermal cycling or on pro-
longed exposure to elevated temperature.

(b) Inbrittle piping (such as porcelain, glass, etc.) and
some RTR and RPM piping, the materials show rigid
behavior and develop high displacement stresses up to
the point of sudden breakage due to overstrain.

A319.2.2 Displacement Stresses
(a) Elastic Behavior. The assumption that displace-
ment strains will produce proportional stress over a suf-

PART 5
FLEXIBILITY AND SUPPORT

A319 FLEXIBILITY OF NONMETALLIC PIPING
A319.1 Requirements

A319.1.1 Basic Requirements. Piping systems shall
be designed to prevent thermal expansion or contrac-
tion, pregsure expansion, or movement of piping sup-
ports and terminals from causing

(a) failhire of piping or supports from overstrain or
fatigue

(b) leakage at joints

(c) detfimental stresses or distortion in piping or in
connectedl equipment (pumps, for example), resulting
from excg¢ssive thrusts and moments in the piping

A319.1.2 Specific Requirements

(a) In para. A319, guidance, concepts, and data are
given to gssist the designer in assuring adequate flexibil-
ity in pipjng systems. No specific stress-limiting criteria
or methofls of stress analysis are presented since stress:
strain behavior of most nonmetals differs considerably
from that|of metals covered by para. 319 and is-1ess well
defined fpr mathematical analysis.

(b) Pipjing systems should be designed ‘and laid out
so that flgxural stresses resulting from displacement due
to expansjion, contraction, and other movement are mini-
mized. This concept requires spécial attention to sup-
ports, terminals, and other restraints, as well as to the
techniqyes outlined inpara. A319.7. See also
para. A319.2.2(b).

(c) Further information on design of thermoplastic

ficiently wide range to justify an elastic stress analysis
often is not valid for nonmetals. In brittle piping, sfrains
initially will produce relatively large elasti¢ stresses. The
total displacement strain must be kept ‘small, however,
since overstrain results in failure rather than plastic
deformation. In thermoplastic and-tHermosetting|resin
piping, strains generally will¢/produce stresses df the
overstrained (plastic) type, even‘at relatively low values
of total displacement strdir'If a method of flexjbility
analysis that assumes elastic behavior is selected, the
designer must be able to demonstrate its validity for the
piping system undér consideration, and shall estgblish
safe limits for-computed stresses.

(b) Overstrained Behavior. Stresses cannot be cdnsid-
ered propertional to displacement strains throughout a
pipingsystem in which an excessive amount of $train
may-occur in localized portions of the piping [an unbal-
anced system; see para. 319.2.2(b)] or in which dlastic
behavior of the piping material cannot be assumed.
Overstrain shall be minimized by system layou} 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 intenfional
deformation of piping during assembly to prodjice a
desired initial displacement or reaction. Cold spring may
be beneficial in serving to balance the magnitude ¢f the
reaction under initial and extreme displacement qondi-
tions. When cold spring is properly applied, there {s less
likelihood of overstrain during initial operation. THere is
also less deviation from as-installed dimensions during
initial operation, so that hangers will not be dispjlaced
as far from their original settings. No credit fo1 cold

piping can be found " PPI Technical Report TR-21. spring is permitted in stress range calculations, |or in
A319.2 (oncepts calculating thrusts and moments.
A319.p.1-Displacement Strains. The concepts of  A319.3 Properties for Flexibility Analysis

strain imposed by Testraintof thermeat exparnsionrorcorn=
traction, and by external movement, described in
para. 319.2.1, apply in principle to nonmetals. Neverthe-
less, the assumption that stresses throughout the piping
system can be predicted from these strains because of
fully elastic behavior of the piping materials is not gener-
ally valid.

(a) Inthermoplastics and some RTR and RPM piping,
displacement strains are not likely to produce immediate
failure but may result in detrimental distortion. Espe-
cially in thermoplastic piping, progressive deformation

A319.3.1 Thermal Expansion Data. Appendix C lists
coefficients of thermal expansion for several nonmetals.
More precise values in some instances may be obtainable
from manufacturers of components. If these values are
to be used in stress analysis, the thermal displacements
shall be determined as stated in para. 319.3.1.

A319.3.2 Modulus of Elasticity. Appendix C lists
representative data on the tensile modulus of elasticity,
E, for several nonmetals as obtained under typical labo-
ratory rate of strain (loading) conditions. Because of

(14)
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their viscoelasticity, the effective moduli of plastics
under actual conditions of use will depend on both the
specific course of the strain (or load) with time and the
specific characteristics of the plastic. More precise values
of the short term and working estimates of effective
moduli of elasticity for given conditions of loading and
temperature may be obtainable from the manufacturer.
The modulus may also vary with the orientation of the
specimen, especially for resins with filament-wound

low magnitude. The amount of tension or compression
strain (which can produce larger reactions) usually is
small.

Where piping lacks inherent flexibility or is unbal-
anced, additional flexibility shall be provided by one or
more of the following means: bends, loops, or offsets;
swivel or flexible joints; corrugated, bellows, or slip-joint
expansion joints; or other devices permitting angular,
rotational, or axial movement. Suitable anchors, ties, or

I‘en‘lf TI'CCIIICTIL. FUI llldLClidlb dllL‘l LUllll)Cld‘luleb ITOU
listed, refer to ASTM or PPI documents, or to manufac-
turer(s data.

A319.3.3 Poisson’s Ratio. Poisson’s ratio varies
wide]y depending upon material and temperature. For
that reason simplified formulas used in stress analysis
for npetals may not be valid for nonmetals.

A319.3.4 Dimensions. Nominal thicknesses and
outsifle diameters of pipe and fittings shall be used in
flexibility calculations.

A319
Aj

.4 Analysis

19.4.1 Formal Analysis Not Required. No formal
analysis is required for a piping system that

(a)| duplicates, or replaces without significant change,
a sysfem operating with a successful service record

(b)] can readily 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 expansionjoint
deviges, or a combination of these methods, in accor-
dancp with manufacturers’ instructions

A319.4.2 Formal Analysis Requirements.) For a pip-
ing gystem that does not meet the above criteria, the
designer shall demonstrate adequate flexibility by sim-
plified, approximate, or comprehiensive stress analysis,
using a method that can be shown to be valid for the
specific case. If substantially’elastic behavior can be dem-
onstrated for the pipingésystem [see para. A319.2.2(a)],
methjods outlined in_para. 319.4 may be applicable.

A319

Patfagraph 319.5 may be applicable if a formal stress
analysis can'\be’shown to be valid for the specific case.

A319

.5 Reactions

.6-Movements

ottrerdevicesstattbe pluvidt—:d a5 TIeTessary tojresist end
forces produced by fluid pressure, frictional registance to
movement, and other causes.

A321 PIPING SUPPORT
Paragraph 321 applies in its)entirety.
A321.5 Supports for Nonmetallic Piping

A321.5.1 General In' addition to other gpplicable
requirements of para;821, supports, guides, and anchors
shall be selected and applied to comply with the princi-
ples and requirenients of para. A319 and the following:

(a) Piping shall be supported, guided, and [anchored
in such,a‘tanner as to prevent damage to the piping.
Point leads and narrow areas of contact between piping
and, supports shall be avoided. Suitable paddling shall
be.placed between piping and supports wherp damage
to piping may occur.

(b) Valves and equipment that would transmit exces-
sive loads to the piping shall be independgntly sup-
ported to prevent such loads.

(c) Consideration shall be given to mechani
ing in traffic areas.

(d) Manufacturers’ recommendations fo1
shall be considered.

A321.5.2 Supports for Thermoplastic, RTR{and RPM
Piping. Supports shall be spaced to avoid excgssive sag
or deformation at the design temperature ajd within
the design life of the piping system. Decreasges in the
modulus of elasticity with increasing temperpture and
creep of material with time shall be considefed when
applicable. The coefficient of thermal expansign shall be
considered in the design and location of supports.

ral guard-

support

A321.5.3 Supports for Brittle Piping. Britfle piping,
such as glass, shall be well supported but frpe of hin-
drance to expansion or other movement. Not nore than

Special 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

Piping layout often provides adequate inherent flexi-
bility through changes in direction, wherein displace-
ments produce chiefly bending and torsional strains of
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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, except that ref-
erences to paras. A301 and A302.2.4 replace references
to paras. 301 and 302.2.4, respectively.
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A322.6 Pressure-Relieving Systems

Paragraph 322.6 applies in its entirety, except for
para. 322.6.3. See para. A322.6.3.

A322.6.3 Overpressure Protection. Paragraph
322.6.3 applies, except that maximum relieving pressure
shall be in accordance with para. A302.2.4.

PART 7

(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) See also the recommended Ilimits in
Table A323.4.2C for reinforced thermosetting resin pipe
and in Table A323.4.3 for thermoplastics used as linings.

A323.2.3 Temperature Limits, Unlisted Materials.

MATERIALS
ENERAL REQUIREMENTS
A323.1 Materials and Specifications

A323 G

Paragrdph 323.1 applies except for para. 323.1.4. See
para. A323.1.4.

A323.1.4 Reclaimed Materials. Reclaimed piping
componehts may be used, provided they are properly
identified as conforming to a listed or published specifi-
cation (see para. 323.1.1) and otherwise meet the require-
ments of this Code. The user shall verify that
componehts are suitable for the intended service. Suffi-
cient clegning, examination, and testing shall be per-
formed fo determine the minimum available wall
thickness| and freedom from any of the following to
an extenf that would be unacceptable in the intended
service:

(a) imperfections
(b) redpction of mechanical properties, or
(c) absprption of deleterious substances

A323.2 Temperature Limitations

The dedigner shall verify that materials that meet other
requirements of the Code are suitable*for service
throughout the operating temperatyre range. Also see
the Noteg for Tables B-1 through(B-5 in Appendix B.

A323.2.1 Upper Temperature-Limits, Listed Materials

(a) Exdept as provided in\(b) below, a listed material
shall not|be used at a_design temperature higher than
the maxithum for whi¢h a stress value or rating is shown,
or higher|than the maXimum recommended temperature
in Tablg A323:42C for RTR materials and in
Table A323.4(3-for thermoplastics used as linings.

(b) A ljisted material may be used at a temperature

Paragraph 3232 3 anplies
o I I

A323.2.4 Verification of Serviceability. Wh¢n an
unlisted material is to be used, or when a listed mdterial
is to be used above or below the limitsin Appendix B
or Table A323.4.2C or Table A323.4.3,ithe designer|shall
comply with the requirements of para. 323.2.4.

A323.4 Fluid Service Requirements for Nonmetallic
Materials

A323.4.1 General
(a) Nonmetallic materials shall be safeguarded
against excessivestemperature, shock, vibration, pulsa-
tion, and mechartical abuse in all fluid services.
(b) Requirements in para. A323.4 apply to pregsure-
containingparts. They do not apply to materials|used
for supports, gaskets, or packing. See also Appenfix F,
para~FA323.4.

A323.4.2 Specific Requirements
(a) Thermoplastics
(1) They shall not be used in flammable flui
vice above ground, unless all of the following are
(a) The size of the piping does not exceed [
(NPS 1).
(b) Owner’s approval is obtained.
(c) Safeguarding in accordance with Appendix G
is provided.
(d) The precautions of Appendix F, plaras.
F323.1(a) through (c) are considered.
(2) They shall be safeguarded when used in
than Category D Fluid Service.
(3) PVC and CPVC shall not be used in compressed
air or other compressed gas service.
(b) Reinforced Plastic Mortars (RPM) Piping. Thi
ing shall be safeguarded when used in other
Category D Fluid Service

] ser-
met:
N 25

other

pip-
than

higher than the maximum stated in (a) above if there is
no prohibition in Appendix B or elsewhere in the Code,
and if the designer verifies the serviceability of the mate-
rial in accordance with para. 323.2.4.

A323.2.2 Lower Temperature Limits, Listed Materials

(a) Materials for use at design minimum tempera-
tures below certain limits must usually be tested
to determine that they have suitable toughness for use
in Code piping. Table A323.2.2 sets forth those
requirements.
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(c) Reinforced Thermosetting Resins (RTR) Piping. This
piping shall be safeguarded when used in toxic or flam-
mable fluid services. Table A323.4.2C gives the recom-
mended temperature limits for reinforced thermosetting
resins.

(d) Borosilicate Glass and Porcelain

(1) They shall be safeguarded when used in toxic
or flammable fluid services.

(2) They shall be safeguarded against large, rapid
temperature changes in fluid services.
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Table A323.2.2 Requirements for Low Temperature Toughness Tests for Nonmetals
Column A Column B
[ype of At or Above Listed Below Listed Minimum
Material Minimum Temperature Temperature

Listed|nonmetallic |No added requirement The designer shall have test results at or below the lowest expected service temperature,

materials which assure that the materials and bonds will haVe/adequate toughness and are suitable

at the design minimum temperature.
Unlistgd 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.
Table A323.4.2C Recommended Temperature Limits for
Reinforced Thermosetting Resin Pipe
Recommended Temperature Limits
Materials Minimum Maximym

Redin Reinforcing °C °F °C °F
Epoxy Glass fiber -29 -20 149 300
Phenolic Glass fiber -29 -20 149 300
Furan Carbon -29 -20 93 200
Furan Glass fiber -29 -20 93 200
Polyedter Glass fiber -29 -20 93 200
Vinyl ¢sten Glass fiber -29 -20 93 200
GENERAENOTE—Thesetemperature timmits appty onty tomateriats tistedamddo ot Teftectevidence of successfutuserspecific ftuid services

at these temperatures. The designer should consult the manufacturer for specific applications, particularly as the temperature limits are

approached.
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Table A323.4.3 Recommended Temperature Limits for
Thermoplastics Used as Linings

Materials Minimum Maximum

[Note (1)] °C oF oC of
PFA -198 -325 260 500
PTFE -198 -325 260 500
FEP -198 -325 204 400
ECTEE -198 -325 171 340
ETFE -198 -325 149 300
PVDF -18 0 135 275
PP -18 0 107 225
PVDC -18 0 79 175

GENERAL NOTE:

are approached.
NOTE:
(1) See para. A326.4 for definitions of materials.

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.

(b) Nowmetallic Piping Lined With Nonmetals. Fluid ser-
vice reqliirements for the base (outer) material in
para. A323.4.2 govern, except as stated in (d) below.

(c) Nonymetallic Lining Materials. The lining may be
any matefial that, in the judgment of the user, is suitable
for the infended service and for the method of martufac-
ture and jassembly of the piping. Fluid servicé require-
ments in jpara. A323.4.2 do not apply to materials used
as liningg.

(d) Properties of both the base and lining materials,
and of ahy bond between them,-shall be considered
in establishing temperature limitations. Table A323.4.3
gives recommended temperature’limits for thermoplas-

These temperature limits are based on material tests and do not necessarily*réflect
evidence of successful use as piping component linings in specific fluid services at these tefperatures.
The designer should consult the manufacturer for specific applications, particularly as temperature limits

A326.4 Abbréviations in Table A326.1 and
Appendix B

The abbreviations tabulated below are used i this
Chaptét’to replace lengthy phrases in the text, in the
titles* of standards in Table A326.1, and in the
Specification Index for Appendix B. Those marked with
an asterisk (*) are in accordance with ASTM 01600,
Standard Terminology for Abbreviated Terms Relating
to Plastics. Those items marked with a dagger (f) are
in accordance with ASTM F412, Standard Terminplogy
Relating to Plastic Piping Systems.

Abbreviation Term
ABS*t Acrylonitrile-butadiene-styrene plasfics
BPS Bonding Procedure Specification
CPVC*t Chlorinated poly(vinyl chloride) pldstics
DRt Dimension ratio

DS Design stress

A326.1 Requirements

: s E-CTFE* Ethylene-chlorotrifluoroethylene
1 1 . Y y
tic materfals used as linings ETFE* Ethylene-tetrafluoroethylene copolymer
: : : : : FEP* Perfluoro (ethylene-propylene) copdlymer
A323.5 Deterioration of ‘Materials in Service HDEBS Hydrostatic Design Basis Stress
Paragrdph 323.5 applies in its entirety. HDS*t Hydrostatic Design Stress
PB*t Polybutylene-1
A325 MATERIALS — MISCELLANEOUS PE*t Polyethylene
*
Paragrdph’325 applies in its entirety. ]I;IZ/: Eiffglf):poj(lil,l‘(f xyalkane)
PQR Procedure Qualification Record
PART 8 PRt Pressure rating
PTFE* Polytetrafluoroethylene
STANDARDS FOR PIPING COMPONENTS PVCH Poly(vinyl chloride)
A326 DIMENSIONS AND RATINGS OF PVDC* Poly(vinylidene chloride)
COMPONENTS PVDF* Poly(vinylidene fluoride)
RPM Reinforced plastic mortar
RTP Reinforced thermosetting plastic
L . RTR Reinforced thermosetting resin
Paragraph 326 applies in its entirety except that refer- SDR+ Standard dimension ratios
ences to Table A326.1 and Appendix B replace references SIDR* Standard inside diameter dimension ratio
to Table 326.1 and Appendix A, respectively. WPS Welding Procedure Specification
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Table A326.1 Component Standards

Standard or Specification Designation

Nonmetallic Fittings, Valves, and Flanges

Process Glass Pipe and Fittings. . . . . . . . . i i i e e e e e e e ASTM C599
Threaded PVC Plastic Pipe Fittings, Sch 80. . . . . . . . . . . . . i ASTM D2464
PVC Plastic Pipe Fittings, Sch 40 . . . . . . . . . . . L e e e ASTM D2466
PVC Plastic Pipe Fittings, Sch 80 ASTM D2467
Sockef-Type ABS Plastic Pipe Fittings, Sch 40 . . . . .. ... ... . .. .. . . o ASITM D2468
Thermpplastic Gas Pressure Pipe, Tubing, and Fittings . . . . . . . . ... ... ... ... .. ...... ASIM D2513
Reinfofrced Epoxy Resin Gas Pressure Pipe and Fittings . . . . . . . . . . . . .. . .. ASIM D2517
Plastiq Insert Fittings for PE Plastic Pipe . . . . . . . . .. . .. . ASIM D2609
Sockef-Type PE Fittings for Outside Diameter-Controlled PE Pipe and Tubing . . . ... ... ... .... ASIM D2683
CPVC Plastic Hot- and Cold-Water Distribution Systems. . . . . ... ... ... ... ... ... .... ASTM D2844/D2846M
Butt Heat Fusion PE Plastic Fittings for PE Plastic Pipe and Tubing. . . . . . .. ... ... ... ... ASIM D3261
PB Plgstic Hot- and Cold-Water Distribution Systems . . . . .. ... ... ... .. .........(=\ ASfM D3309
Fiberglass RTR Pipe Fittings for Nonpressure Applications [Note (1)]. . . . . .. .. .. ... ... O=7 . ASIM D3840
Machipe Made “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin) Flanges . . . . . .. X, . .. ASIM D4024
Contagt Molded Fiberglass RTR Flanges [Note (1)] . . . . . . . o o o v i i i i it i e s e N ASTM D5421
Fiberglass Pressure Pipe Fittings . . . . . . . . .. .. . e ASfM D5685
PTFE Hlastic-Lined Ferrous Metal Pipe and Fittings [Notes (2) and (3)]. . . . . . .5 . & . v v v v v vt .. ASTM F423
Threaded CPVC Plastic Pipe Fittings, Sch 80. . . . . . . . . . .. . e\ o . ASTM F437
Sockef-Type CPVC Plastic Pipe Fittings, Sch 40. . . . . . . .. .. .. . . . . N oo .. ASTM F438
CPVC Plastic Pipe Fittings, Schedule 80 . . . . . . . . . . . .. . am& ASTM F439
PVDF Plastic-Lined Ferrous Metal Pipe and Fittings [Notes (2) and (3)] . ™~ . . . . . o o o oo oot ASTM F491
Propylene and PP Plastic-Lined Ferrous Metal Pipe and Fittings [Notesi(2) and 3)] . ... ... ..... ASTM F492
FEP Plastic-Lined Ferrous Metal Pipe and Fittings [Notes () and ®)] . . .. ... ... ... ... .... ASTM F546
PVDC Plastic-Lined Ferrous Metal Pipe and Fittings [Notes (Q)and (3)] . . . . ... ... ... ... ... ASTM F599
PFA Plastic-Lined Ferrous Metal Pipe and Fittings [Notes(@-and 3)] . . . . . . ... ... ... ..... ASTM F781
Electrgfusion Type PE Fittings for Outside Diameter Confrolled PE Pipe and Tubing. . . . . ... ... .. AYTM F1055
Plastid-Lined Ferrous Metal Pipe, Fittings, and Flanges)[Notes ) and 3)] . . ... ... ... ... ... AYTM F1545
Pressyre-Rated Polypropylene (PP) Piping Systems . . . . . . . . . . . it it e AYT™M F2389
Plastiq Industrial Ball Valves [Notes (2) and @)I>. . . . . . o o o i i i i M$S SP-122
Nonmetallic Pipes and Tubes

PELine Pipe . . . . o o o N o e APl 15LE
Low Pressure Fiberglass LineyPipe . . . . . . . . . o L APl 15LR
Reinfofrced Concrete Low;Head Pressure Pipe . . . . . . o v i i i it i e e e e e e e ABTM (361
Procegs Glass Pipe and\Fittings. . . . . . . . . .. L e ABTM C599
ABS Plastic PipeySEN 40 and 80 . . . . . . . . L L e e e e e e e ASTM D1527
PVC Plastic Pipe,"SCh 40, 80 and 120 . . . . . . . v i it e e e e e e e e e e e e ASfM D1785
PE Plaistic Pipe.(SIDR-PR) Based on Controlled Inside Diameter. . . . . . . .. ... .. ... ....... ASTM D2239
PVC Plastic_Pressure-Rated Pipe (SDR Series) . . . . . v o v v i i it i e e e e e e e e e ASTM D2241
ABS Plastic Dipn (SDR-PR) ASITM D2282
Classification for Machine-Made RTR Pipe . . . . . . . . . . L o i et ASTM D2310
PE Plastic Pipe, Sch 40 & 80, Based on Outside Diameter . . . . . . . . . . .. ... ASTM D2447
Thermoplastic Gas Pressure Pipe, Tubing, and Fittings . . . . . ... ... ... .. ... ... ...... ASTM D2513
Reinforced Epoxy Resin Gas Pressure Pipe and Fittings . . . . . . ... ... ... ... .. ........ ASTM D2517
PB Plastic Pipe (SDR-PR). . . . .t o i ittt e e e e e e e e e ASTM D2662
PB Plastic TUDING. . . . . o o o e e e e e e e e e e e e e e e e e ASTM D2666
Joints for IPS PVC Pipe Using Solvent Cement . . . . . . . . . . . i i ittt et e ASTM D2672

101

Copyright ASME International
Provided by IHS under license with ASME Licensee=Methanex Corp/5975064001
No reproduction or networking permitted without license from IHS Not for Resale, 06/16/2015 06:19:47 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2014.pdf

ASME B31.3-2014

(14) Table A326.1 Component Standards (Cont’d)
Standard or Specification Designation

Nonmetallic Pipes and Tubes (Cont’d)
PE Plastic TUDING . . . . . . o e e e e e e e e e e e e e e ASTM D2737
CPVC Plastic Hot- and Cold-Water Distribution System . . . . .. ... .. ... ... .. ... ...... ASTM D2846/D2846M
Filament-Wound Fiberglass RTR Pipe [Note (1)]. . . . . . . o o v i i it e e e e e e e e e e ASTM D2996
Centrifugally Cast Fiberglass RTR Pipe . . . . . . . . o e e e e e e i ASTM D2997
PB Plastic Ripe (SDR-PR) Based on Outside Diameter. . . . . . . . . . ot v it i ittt e e ASTM\DB000
PE Plastic Hipe (DR-PR) Based on Controlled Outside Diameter. . . . . . . ... ... ... ... ..... ASTM“DB035
PB Plastic flot- and Cold-Water Distribution Systems . . . . . ... ... ... . ... ... . ... .... ASTM DB309
Fiberglass RTR Pressure Pipe [Note (1)]. . . . . ¢ o v it i i et e e e e e e e e e e e e e e e e e e ASTM DB517
Fiberglass RTR Sewer and Industrial Pressure Pipe [Note (1)]. . . . . . . . o v v i i i it i e e ASTM DB754
CPVC Plastic Pipe, Sch 40 and 80 . . . . . . . . . i i e e e e e e ASTM F441/F441M
CPVC Plastic Pipe (SDR-PR) . . . . . i i i et e e e e e e e e e e e e e e e e e e e ASTM F442/F442M
Crosslinked| Polyethylene/Aluminum/Crosslinked Polyethylene (PEX-AL-PEX) Pressure Pipe . . ... ... ASTM F1281
Polyethylenfe/Aluminum/Polyethylene (PE-AL-PE) Composite Pressure Pipe . . . .. ... ... ...... ASTM F1282
Polyolefin Ripe and Fittings for Corrosive Waste Drainage Systems [Notes (2) and (3)]. . . . . . . . X. ! ASTM F1412
Plastic-Linefl Ferrous Metal Pipe, Fittings, and Flanges [Notes (2) and (3)] . . ... ... ... . N .. ASTM F) 545
PVDF Corrogive Waste Drainage Systems . . . . . . . . . ... i i it ASTM F1 673
Pressure-Rdted Polypropylene (PP) Piping Systems . . . . . . . .. .. ... . N L. ASTM FP389
Reinforced Loncrete Pressure Pipe, Steel Cylinder Type, for Water and Other Liquids .\~ . . . . . . .. AWWA {300
Prestressed Concrete Pressure Pipe, Steel Cylinder Type, for Water and Other Liquidss . . . . . . .. .. AWWA 301
Reinforced Loncrete Pressure Pipe, Noncylinder Type . . . . . . . . . . came o oo i oo AWWA (302
PVC Pressufe Pipe, 4-inch through 12-inch, forWater. . . . . . .. .. ... N Lo o oL, AWWA {900
Fiberglass Rressure Pipe. . . . . . . o o i i i i i e s AWWA {950
Miscellanequs
Contact-Mo|ded RTP Laminates for Corrosion Resistant Equipment. . . . . . . ... ... ... ... ... ASTM (582
Threads for| Fiberglass RTR Pipe (60 deg stub) [Note ()]~ N\, . . . . o o o i it e e e ASTM D1 694
Solvent Cements for ABS Plastic Pipe and Fittings . . .. . . . . . . .. ... . . ... ... ASTM DP235
Solvent Cements for PVC Plastic Piping Systems. . &, . . . . . . .. o i e ASTM DP564
Joints for Plastic Pressure Pipes Using Flexible Eastomeric Seals . . . . . .. ... ... ... ... ... ASTM DB139
Fiberglass RTR Pipe Joints Using Flexible Elastomeric Seals [Note (1)] . . . . . . . .. ... ... .. ... ASTM D§161
Design and| Construction of Nonmetallic_ Enveloped Gaskets for Corrosive Service . . . . ... ... ... ASTM F336
Solvent Cements for CPVC Plastic Pipé.and Fittings . . . . . . . . . . . . . it i i ASTM F493
Taper Pipe [Threads 60° for Thermeplastic Pipe and Fittings . . . . . ... ... ... ... .. ...... ASTM F1498
Metal Inserf Fittings for Polyethylené/Aluminum/Polyethylene and Crosslinked Polyethylene/Aluminum/

Crosslinked Polyethylene-Composite Pressure Pipe . . . . . . . . . ... .. o i ASTM F1974

GENERAL NPTE: It is”nef practical to refer to a specific edition of each standard throughout the Code text. Instead, the approved
references, |[along with*tHe names and addresses of the sponsoring organizations, are shown in Appendix E.

NOTES:

(1) The terfn fibefglass RTR takes the place of the ASTM designation fiberglass (glass-fiber-reinforced thermosetting resin).

bdition

(2) This Stamdardattows the use of umtisted materiats; see para. 323.1.2;
(3) This Standard contains no pressure—temperature ratings.
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PART 9
FABRICATION, ASSEMBLY, AND ERECTION

A327 GENERAL

Piping materials and components are prepared for
assembly and erection by one or more of the fabrication
processes in paras. A328, A329, A332, and A334. When
any of these processes is used in assembly and erection,
requirements are the same as for fabrication.

by a responsible recognized organization with expertise
in the field of bonding

(b) by signature, the employer accepts both the BPS
and procedure qualification record (PQR) as his own

(c) the employer has at least one currently employed
bonder who, while in his employ, has satisfactorily
passed a performance qualification test using the pro-
posed qualified BPS

A328 BONDING OF PLASTICS

Pajagraph A328 applies only to joints in thermoplastic,
RTR) and RPM piping. Bonding shall conform to
parag. A328.1 through A328.7 and the applicable require-

mentp of para. A311.

A328

Eaq
persq
parag
perfq

.1 Bonding Responsibility

h employer is responsible for the bonding done by
nnel of his organization and, except as provided in
. A328.2.2 and A328.2.3, shall conduct the required
rmance qualification tests to qualify bonding pro-

cedufre specifications (BPS) and bonders or bonding
operators.
A328.2 Bonding Qualifications

A328.2.1 Qualification Requirements

(a)| Qualification of the BPS to be used, and .of \the
performance of bonders and bonding operatofs, is
requIed. To qualify a BPS, all tests and examinations
specified therein and in para. A328.2.5 shall be com-
pleted successfully.

(b)
the B

In addition to the procedure formaking the bonds,
PS shall specify at least the“folowing:
1) all materials and supplies (including storage

requirements)
j];) tools and fixtures

handlling)

3) environmental requirements (e.g., temperature,
dity, and methods of measurement)

4) joint‘preparation

5) dimensional requirements and tolerances

6) ctte time

(including proper care and

hum

A328.2.3 Performance Qualification by d)thers.
Without the Inspector’s specific approval, an employer
shall not accept a performance qualifidation fest made
by a bonder or bonding operator for_another ¢mployer.
If approval is given, it is limitedto work on pifjing using
the same or equivalent BPS. An’employer accepting such
performance qualificationtests shall obtain a cppy of the
performance qualificationitest record from thq previous
employer showing théame of the employer py whom
the bonder or boriding operator was qualified, the date
of such qualification, and the date the bonder of bonding
operator last\bonded pressure piping under such per-
formance{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 qualificatjons.

ecified in
lify each
bonding
elow and
either (b)

A328.2.5 Qualification Tests. Tests, as sp
para. A328.2.1(a), shall be performed to qu
BPS and the performance of each bonder ang
operator. Test assemblies shall conform to (a) I
the test method shall be in accordance with
or (c).

(a) Test Assembly. The assembly shall be fab
one pipe size in accordance with the BPS and
tain at least one of each different type of joint jdentified
in the BPS. More than one test assembly may bd prepared
if necessary to accommodate all of the joint types or to
assure that at least one of each joint type is Joaded in
both circumferential and longitudinal directjons. The
size of pipe and fittings in the assembly shall be as

ricated in
shall con-

(7) protection of WOrK

(8) tests and examinations other than those
required by para. A328.2.5

(9) acceptance criteria for the completed test
assembly

A328.2.2 Procedure Qualification by Others. Subject
to the specific approval of the Inspector, a BPS qualified
by others may be used provided that

(a) the Inspector satisfies him/herself that the
proposed qualified BPS has been prepared and executed
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tollows:

(1) When the largest size to be qualified is DN 100
(NPS 4) or smaller, the test assembly shall be the largest
size qualified.

(2) When the largest size to be qualified is greater
than DN 100 (NPS 4), the size of the test assembly shall
be between 25% and 100% of the largest piping size
qualified, but shall be a minimum of DN 100 (NPS 4).

(b) Burst Test Method. The test assembly shall be sub-
jected to a burst test in accordance with the applicable
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sections of ASTM D1599.” The time to burst in this stan-
dard may be extended. The test is successful if failure
initiates outside of any bonded joint.

(c) Hydrostatic Test Method. The test assembly shall be
subjected to hydrostatic pressure of at least Pr for not
less than 1 hr with no leakage or separation of joints.

(1) For thermoplastics, Pr shall be determined in
accordance with eq. (27)

(b) cleaning

(c) preheat

(d) end preparation
(e) fit-up

A328.5 Bonding Requirements

A328.5.1 General
(a) Production joints shall be made only in accordance
(BPS)

328.2.
rials,

prep-

quali-

shall
rwise
sure-
bd or
sym-
ation
nt or
hlieu
filed.
nder
dure.
A328.

lded
. For

ap.
with

hnec-
the

Jo L e\ with a written bonding procedure specification
Py = 080T k 5 — Tn ) (27)  that has been qualified in accordance with para.jA
Manufacturers of piping materials, bonding, mats
where and bonding equipment should be consulted ir' the
D = putside diameter of pipe aration of the BPS.
Sy = mean long term hydrostatic strength (LTHS) (b) Production joints shall be made“only by qualified
in accordance with ASTM D2837. Use twicethe ~ bonders or bonding operators who-have appropriate
P3°C (73°F) HDB design stress from Table B-1if ~ training or experience in the use of the applicabl¢ BPS
listed, or use manufacturer’s data. and have satisfactorily passed a“performance qualifica-
Ss = Imean short term burst stress in accordance  tion test that was performeein accordance with a
with ASTM D1599,% from Table B-1 if listed, ~ fied BPS.
btherwise from manufacturer’s data (c) Each qualified bonder and bonding operator
T = hominal thickness of pipe be assigned an identification symbol. Unless othe
specified in the eéngineering design, each pres
: (2) Hor RTR (laminated and filament-wound) and containing bond or adjacent area shall be stencil
‘RPM, Pr phall be three times the manufacturer’s allow-  otherwise suitably marked with the identification
“able prespure for the components being joined. bol of the bonder or bonding operator. Identifig
: (3) The test shall be conducted so that the joint  stamping shall not be used and any marking pa
iis loaded| in both the circumferential and longitudinal inkishall not be detrimental to the piping material. I
directions. of marking the bond, appropriate records may be
A328.2.6 Performance Requalification. Renewal of @ anhﬁcahon in one BPS does not qgahfy ab
) AT . or bonding operator for any other bonding proce
a bonding performance qualification is required when () Longitudinal oints are not covered in para
(a) a bpnder or bonding operator has not used’the & J pata.
specific bpnding process for a period of 6 mo ot more, or A328.5.2 Hot Gas Welded Joints in Thermopjastic
(b) thefe is specific reason to question the individual’'s ~ Piping °
ability tojmake bonds that meet the BRS (a) Preparation. Surfaces to be hot gas we
. . ( together shall be cleaned of any foreign materia
A328.3 Bonding Materials and Equipment butt welds, the joining edges should be beveled at 20 deg
A328.3.1 Materials. Bonding materials that have to 40 deg with 1 mm (V32 in.) root fa.ce and root g
deteriorafed by exposure toairjor prolonged storage, or (b) Procedure. Joints shall be made in accordance
will not gpread smoothly,“shall not be used in making  the qualified BPS.
joints. (c) Branch Connections. A fabricated branch co
. ) ) tion shall be made by inserting the branch pipe i
A_328_'3'2 Equipment. Fixtures and tools used in  pgle in the run pipe. Dimensions of the joint shal] con-
makmg jpints shalll be in §uch condition as to perform  fom o Fig. 328.4.4 sketch (c). The hole in the run pipe
their fungtionis-satisfactorily. shall be beveled at 45 deg. Alternatively, a fabricated
A328.4 P tion-for-Bond branch connection shall be made using a manufactured

Preparation shall be defined in the BPS and shall spec-
ify such requirements as
(a) cutting

® 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.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

104

full reinforcement saddle with integral socket.

A328.5.3 Solvent Cemented Joints in Thermoplastic
Piping °

(a) Preparation. Thermoplastic pipe and fitting sur-
faces 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.
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(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

of the hole shall be sealed with adhesive at the time the
saddle is bonded to the run pipe.

A328.5.7 Butt-and-Wrapped Joints in RTR and RPM
Piping °

(a) Procedure. Joints shall be made in accordance with
the qualified BPS. Application of plies of reinforcement
saturated with catalyzed resin to the surfaces to be joined
shall produce a continuous structure with them. Cuts
shall be sealed to protect the reinforcement from the

hnch con-

hole saw.

hship that

perineter-See g 7328:5:5- service fluid. See Fig. A328.5.7.
(c)| Branch Connections. A fabricated branch connec- (b) Branch Connections. For a fabricatedbr
ion rll b made g  manufcturd il oo peion made by nserting he banc e o a ol
) in t ive, t it
reinfprcement saddle shall be solvent cemented to the o PIPe e ote shalbe mage with a
run pipe over its entire contact surface. A328.6 Bonding Repair
A328.5.4 Heat Fusion Joints in Thermoplastic Piping ° Defedive material'j(?ints' and Other. workma
(a)| Preparation. Surfaces to be heat fused together fails to meet the requiremerts of this Code and of the
shall|be cleaned of all foreign material engineering design shall be repaired or replaced. See
(b)| Procedure. Joints shall be made in accordance with also para. 341.3.3.
the [qualified BPS. The general procedures in  A328.7 Seal Bonhds

ASTM D2657, Techniques I — Socket Fusion, II — Butt
Fusiqn, and IIl — Saddle Fusion, provide a suitable basis
for dpvelopment of such a procedure. Uniform heating
of bgth surfaces to be joined and assembly of these
surfaces shall produce a continuous homogeneous bond
betwpen them and shall produce a small fillet of fused
material at the outer limits of the joint. See Fig. A328.5.4
for typical heat fusion joints. Fixtures shall be used to!
alignf components when joints are made.

(c)| Branch Connections. A fabricated branch cornec-
tion [is permitted only where molded fittirigs are
unavhilable.

A328.5.5 Electrofusion Joints.in\Thermoplastic
Piping °

(a)| Preparation. Surfaces to be/heat fused together
shall|be cleaned of all foreigh material.

(b)| Procedure. Joints shalkbe made in accordance with
the |qualified BPS. Thé general procedures in
ASTM F1290, Techmigie I — Coupling Procedure and
ique II — Saddle Procedure provide a suitable

A328.5.6 Adhesive Joints in RTR and RPM Piping

the qualified BPS. Application of adhesive to the surfaces
to be joined 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 Fig. 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 edges
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rcordance
qualified
ed by the

If threaded joints are to be seal bonded in a
with paraxA311.2.2, the work shall be done byj
bondersiand all exposed threads shall be cove
seal bond.

A329 FABRICATION OF PIPING LINED WIT]
NONMETALS

A329.1 Welding of Metallic Piping

A329.1.1 General

(a) Paragraph A329.1 applies only to weldihg subas-
semblies of metallic piping that have previopisly been
lined with nonmetals.

(b) Welding that conforms to para. A329.
used in accordance with para. A318.3.1.

| may be

A329.1.2 Specific Welding Requirements. | Welding
shall conform to the requirements of para. 328 and the
following additional requirements:

(a) Modifications made in preparation for welding to
suit manufacturer’s recommendations shall bg specified
in the engineering design.

(b) Welding shall be performed so as to mafintain the
continuity of the lining and its serviceability.
(c) If a lining has been damaged, it shall bg

repaired

material does not qualify a welder or welding operator
for any other welding procedure involving different lin-
ing materials.

A329.2 Flaring of Nonmetallic Linings

A329.2.1 General

(a) Paragraph A329.2 applies only to the flaring of lin-
ings in pipe that has previously been lined with
nonmetals.
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(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
a written flaring procedure specification, and only by
qualified operators who have appropriate training or
experience in the use of the applicable flaring procedure
specification.

A332__BENDING AND FORMING

(c) Flat washers shall be used under bolt heads and
nuts.

A335.2.6 Metallic Piping Lined With Nonmetals. In
assembling mechanical joints in metallic piping lined
with nonmetals, consideration shall be given to means
for maintaining electrical continuity between pipe sec-
tions, where static sparking could cause ignition of flam-
mable vapors. See Appendix F, para. FA323.4(a).

A332.1 General
Pajagraph 332.1 applies in its entirety.

A332.2 Bending
Patjagraph 332.2 applies, except para. 332.2.2.

A332.3 Forming
Patagraph 332.3 applies, except for heat treatment.

A33
A33

Sh¢rt unflanged pieces used to correct for differences
between fabrication drawings and field dimensions may
be cyt to length and finished in the field.

JOINING NONPLASTIC PIPING
.1 Borosilicate Glass Piping

A334.2 Repair of Defects

Defective material, joints, and other workmanship in
nonpllastic piping that fail to meet the requirements of
para|A334 or of the engineering design shall be repaired
or replaced.

Completed repairs and replacements shallbe exam-
ined,| subject to the same limitations on imperfections
as thp original work.

A333 ASSEMBLY AND ERECTION
A335.1 Alignment
Patffagraph 335.1 applies’in its entirety.
A335.2 Flanged and Mechanical Joints
Patffagraph 335.2 applies in its entirety.

A335.2.5-Nonmetallic Bolted Joints
(a)| Bolted joints in nonmetallic piping may be assem-
bled

A335.3 Threaded joints

Paragraph 335.3 applies except for para:. 335.3.2. See
para. A335.3.2.

A335.3.2 Joints for Seal Bonding.) A threaded joint
to be seal bonded shall be made up without thread
compound. A joint containifig)thread compgund that
leaks during leak testing,fvay be seal bonded| in accor-
dance with para. A328:6, provided all comjpound is
removed from exposed-threads.

A335.3.4 Tools; Nonmetallic Piping. Either strap
wrenches or @ther full circumference wrenchgs shall be
used to tighten threaded pipe joints. Tools gnd other
devices.used to hold or apply forces to the pipe shall

be suchithat the pipe surface is not scored pr deeply
scratched.
A335.3.5 RTR and RPM Piping. In asjembling

threaded joints in RTR and RPM piping, whefe threads
may be exposed to fluids that can attack the r¢inforcing
material, threads shall be coated with suffidient resin
to cover the threads and completely fill the [clearance
between the pipe and the fitting.

A335.4 Tubing Joints

A335.4.1 Flared Joints in Thermoplastic Tybing. In
addition to preparation in accordance with para. 335.4.1,
the end of the tubing shall be cut perpendictlar to the
tube centerline, preferably with a tubing cuttef specially
made for thermoplastic tubing. No cuts, scratfhes, 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 Tubin
Paragraph 335.4.2 applies.

5 Joints.

A335.5 Caulked Joints

Paragraph 335.5 applies

vIilldl l)/ CUILIIVITTIAUIVUIT UT 11dl lét IITAdtTlLIdl altlu 11dl IBC
facings, except that the following apply when other than
flat face flanges and full face gaskets are used:

(1) consideration shall be given to the strength of
the flanges, and to sustained loads, displacement strains,
and occasional loads described in paras. A302.3.4 and
A302.3.5, and

(2) an appropriate bolt-up sequence shall be
specified

(b) Appropriate limits shall be specified for bolt-up
torque, and those limits shall not be exceeded.
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A335.6 Special Joints

Paragraph 335.6 applies, except that expanded joints
are not permitted.

A335.6.3 Flexible Elastomeric Sealed Joints. Assem-
bly of flexible elastomeric sealed joints shall be in accor-
dance with the manufacturer’s recommendations and
the following:

(a) Seal and bearing surfaces shall be free from injuri-
ous imperfections.
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(b) Any lubricant used to facilitate joint assembly
shall be compatible with the joint components and the
intended service.

(c) Proper joint clearances and piping restraints (if not
integral in the joint design) shall be provided to prevent
joint separation when expansion can occur due to ther-
mal and/or pressure effects.

A335.8 Assembly of Brittle Piping

A341.3.4 Progressive Sampling for Examination.
Paragraph 341.3.4 applies in its entirety.

A341.4 Extent of Required Examination

A341.4.1 Examination Normally Required. Pipingin
Normal Fluid Service shall be examined to the extent
specified herein or to any greater extent specified in the
engineering design. Acceptance criteria are as stated in
para. A341.3.2 unless otherwise specified.

A335[8.1 General. Care shall be used to avoid
scratching of brittle nonmetallic piping in handling and
supporting. Any scratched or chipped components shall
be replacpd. Care shall be used in handling glass-lined
and cemgnt-lined metal pipe because the lining can be
injured of broken by blows that do not dent or break
the pipe.

A335.8.2 Borosilicate Glass Piping. In addition to
the precajution in para. A335.8.1, borosilicate glass pip-
ing components shall be protected from weld spatter.
Any component so damaged shall be replaced. Flanges
and cushjon inserts shall be carefully fitted and aligned
to pipe, fittings, and valve ends. Gaskets shall be of the
constructjon recommended for the joint. Installation and
torquing pf bolts shall be in accordance with the manu-
facturer’d recommendations.

A335.9 (leaning of Piping
See Appendix F, para. F335.9.

PART 10
INSIIECTION, EXAMINATION, AND TESTING

A340 INSPECTION
Paragrdph 340 applies in its entirety;

A341 EXAMINATION

A341.1 General
Paragrgph 341.1 applies.

A341.2 Responsibility for Examination
Paragrgph 341:2 applies in its entirety.

A341.3 tion Requirements

(a) Visual Examination. At least the followingshhll be
examined in accordance with para. 344.2:
(1) materials and components in accordance| with
para. 341.4.1(a)(1).
(2) at least 5% of fabrication. Forbends, eachy type

of bond made by each bonder and bonding opgrator
shall be represented.
(3) 100% of fabrication forbonds other than cifcum-
ferential, except those in(egmponents made in gccor-
dance with a listed specification.
(4) assembly andrerection of piping in accorglance
with paras. 341.444a)(4), (5), and (6).
(b) Other Examination. Not less than 5% of all bqnded
joints shall be‘examined by in-process examinatipn in
accordanceWwith para. 344.7, the joints to be exarhined
being selected to ensure that the work of each b¢nder
andybonding operator making the production joints is
examined.
(c) Certifications and Records. Paragraph 341.4.1(c)
applies.

A341.4.2 Examination — Category D Fluid Seryice.
Piping and piping elements for Category D Fluid S¢rvice
as designated in the engineering design shall be vigually
examined to the extent necessary to satisfy the examiner
that components, materials, and workmanship corfform
to the requirements of this Code and the engindering
design.

A341.5 Supplementary Examination

A341.5.1 General. Any applicable method of gxam-
ination described in para. 344 may be specified hy the
engineering design to supplement the examinption
required by para. A341.4. The extent of supplementary
examination to be performed and any acceptance ctiteria
that differ from those in para. A341.3.2 shall be sperified
in the engineering design.

A341.3.1 Responsibility for Examination.
Paragraph 341.3.1 applies, except for (a) and (b), which
apply only for metals.

A341.3.2 Acceptance Criteria. Acceptance criteria
shall be as stated in the engineering design and shall
at least meet the applicable requirements for bonds in
Table A341.3.2 and requirements elsewhere in the Code.

A341.3.3 Defective Components and Workmanship.
Paragraph 341.3.3 applies in its entirety.

A341.5.2 Examinations to Resolve Uncertainty.
Paragraph 341.5.3 applies.

A342 EXAMINATION PERSONNEL
Paragraph 342 applies in its entirety.

A343 EXAMINATION PROCEDURES
Paragraph 343 applies in its entirety.
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RTR and RPM
Kind Thermoplastic [Note (1)]
of Hot Gas Solvent Heat Adhesive
Imperfection Welded Cemented Fusion Cemented

Cracks
Unfilled areas in joint
Unbonded areas in

None permitted
None permitted
Not applicable

Not applicable
None permitted
None permitted

Not applicable
None permitted
None permitted

Not applicable
None permitted
None permitted

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

joint

Inclusions of charred None permitted
material

Unfused filler material None permitted
inclusions

Protrusion of material
into pipe bore, %
of pipe wall
thickness

Not applicable

Cement, 50%

Fused material, 25%  Adhesivey 25%

NOTE:

A344 TYPES OF EXAMINATION
A344.1 General
Pajagraph 344.1 applies in its entirety.

A344.2 Visual Examination

Pajagraph 344.2 applies in its entirety.
A341.5 Radiographic Examination

Ragliographic examination may be used in agcordance
with [para. 344.1.2.

A344.6 Ultrasonic Examination

Ultrasonic examination may be{ used in accordance
with|para. 344.1.2.

A344.7 In-Process Examination
Paiffagraph 344.7 appli€s/n its entirety.

A345 TESTING
A345.1 Required Leak Test

(a)] Pxior to initial operation, each piping system shall

(1) RTR = reinforced thermosetting resin; RPM = reinforced plastic mortar.

A345.2:2\ Other Test Requirements
(a) Paragraph 345.2.2(a) applies.
(b)The possibility of brittle fracture shall e consid-
ered, when conducting leak tests on brittle materials or
at.low temperature.
(c) Paragraphs 345.2.3 through 345.2.7 apply.

A345.3 Preparation for Leak Test

Paragraph 345.3 applies in its entirety, copsidering
bonds in place of welds, and excluding expansjion joints.

A345.4 Hydrostatic Leak Test
A345.4.1 Test Fluid. Paragraph 345.4.1 applies.

A345.4.2 Test Pressure

(a) Nonmetallic Piping. Except as proyided in
para. A345.4.3, the hydrostatic test pressure atfany point
in a nonmetallic piping system shall be not|less than
1.5 times the design pressure, but shall ngt exceed
1.5 times the maximum rated pressure of the lowest-
rated component in the system.

(b) Thermoplastic Piping. For piping systemg in which
the design temperature is above the test temperature,
para. 345.4.2(b) applies, except that S and Si shall be

be tested to ensure tightness. The test shall be a hydro-
static leak test in accordance with para. A345.4, except
as provided herein.

(b) Paragraphs 345.1(a) and (b) apply.

A345.2 General Requirements for Leak Test

Requirements in para. A345.2 apply to more than one
type of leak test.

A345.2.1 Limitations on Pressure.
345.2.1(b) and (c) apply.

Paragraphs

from Iabte B-1 instead of A-1.
(c) Metallic Piping with Nonmetallic Lining. Paragraph
345.4.2 applies.

A345.4.3 Hydrostatic Test of Piping With Vessels as
a System. Paragraph 345.4.3 applies.

A345.5 Pneumatic Leak Test

A345.5.1 Precautions. In addition to the require-
ments of para. 345.5.1, a pneumatic test of nonmetallic
piping is permitted only with the owner’s approval,
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and precautions in Appendix F, para. FA323.4 should
be considered.

A345.5.2 Other Requirements

(a) Paragraphs 345.5.2 through 345.5.5 apply.

(b) PVC and CPVC piping shall not be pneumatically
tested.

A345.6 Hydrostatic-Pneumatic Leak Test

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 Category D
Fluid Service only.

A345.8 Sensitive Leak Test
Paragraph 345.8 applies.

If a com
the requi
pressure

bined hydrostatic-pneumatic leak test is used,
Fements of para. A345.5 shall be met, and the
n the liquid-filled part of the piping shall not

A346 RECORDS
Paragraph 346 applies in its entirety.
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Chapter VIII
Piping for Category M Fluid Service

M300 GENERAL STATEMENTS

M302 DESIGN CRITERIA

(a)] Chapter VIII pertains to piping designated by the
owner as being in Category M Fluid Service. See
para|300(b)(1) and Appendix M.

(b)| The organization, content, and paragraph desig-
nations of this Chapter correspond to those of the base
Coddq (Chapters I through VI) and Chapter VII. The
prefikx M is used.

(c)| Provisions and requirements of the base Code and
Chapjter VII apply only as stated in this Chapter.

(d)| Consideration shall be given to the possible need
for engineered safeguards as described in Appendix G,
para| G300.3, in addition to the inherent safeguards
desctibed in paras. G300.1 and G300.2.

M302.1 General

Paragraph M302 pertains to pressure=tempetature rat-
ings, stress criteria, design allowanges; and minimum
design values, together with permissible varfations of
these factors as applied to pipingidesign. Paragraph 302
applies in its entirety, with the‘exception of para. 302.2.4.
See para. M302.2.4.

M302.2.4 Allowance for Pressure and Temperature
Variations, Metallic Piping. Use of allowances in
para. 302.2.4 is not permitted.

. iy . PART 2
(e)] This Chapter makes no provision for piping to be PRESSURE DESIGN OF METALLIC PIPING
used|under severe cyclic conditions. If it is not feasible COMPONENTS

to eliminate the severe cyclic conditions, the engineering
design shall specify any necessary provisions in accor-
dance with para. 300(c)(5).

(f)|Chapter I applies in its entirety.

PART 1
CONDITIONS AND CRITERIA

M30[L DESIGN CONDITIONS

Pajagraph 301 applies in its entirety,\with the excep-
tions| of paras. 301.3 and 301.5. Sée ‘paras. M301.3 and
M301.5.

M301.3 Design Temperature;-Metallic Piping

Us¢ of any temperature other than the fluid tempera-
ture ps the design temperature shall be substantiated
by heat transfer calculations confirmed by tests or by
expefimental méasdrements.

M301.5 Dynamiic Effects

Patagtaph 301.5 applies with the exception of
parap. 301.5.1 and 301.5.4. See paras. M301.5.1 and

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 MEJALLIC
PIPING COMPONENTS

M305 PIPE
M305.1 General

Listed pipe may be used in accordapce with
para. M305.2. Unlisted pipe may be used only as pro-
vided in para. 302.2.3.

M305.2 Specific Requirements for Metallic Pipe

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.

M301.5.4 Vibration. Suitable dynamic analysis,
such as computer simulation, shall be made where nec-
essary to avoid or minimize conditions that lead to detri-
mental vibration, pulsation, or resonance effects in the

piping.

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 con-
nections may be used in accordance with paras. M306.1
through M306.6. Pipe and other materials used in such

(14)
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components shall be suitable for the manufacturing pro-
cess and the fluid service.

M306.5 apply to openings in closures [see also
para. 304.4.2(b)].

(14) M306.1 Pipe Fittings

Paragraph 306.1 applies in its entirety, with the excep- M307 CM(;E:AI},I'(IJ':\ICEI\“I?;VES AND SPECIALTY a9
tion of paras. 306.1.3 and 306.1.4. See para. M306.1.3.

M306.1.3 Specific Fittings The following requirements for valves shall also be

(a) Proprietary welding branch outlet fittings that met as applicable by other Rressure—containing piping
have been design proof tested successfully as prescribed components, e.g., traps, strainers, and separators. See
in ASME B16.9, MSS SP-97, or the BPV Code, also Appendix F, paras. F501.4 and F507.

Sec.tion III, Division 1, UG-101 may be used within M307.1 General
their estaplished ratings ) ) )

(b) Fittings conforming to MSS SP-43 and MSSSP-119 Paragraph 307.1 applies, subject to thie, réquiremnents
shall not [be used. in para. M307.2.

(c) Proprietary “Type C” lap-joint stub-end buttweld- . .
ing fittings shall not be used. M307.2 Specific Requirements

. (a) Paragraph 307.2.2 applies:
(14) M306.2 Pipe Bends (b) Valves having threaded bonnet joints (othey than

Paragrdph 306.2 applies, except that bends designed ~ union joints) shall not befused.
as creaseql or corrugated shall not be used. (c) Only metallic valves conforming to the follqwing

. requirements may-be used:
M306.3 Miter Bends (1) Special ‘eonsideration shall be given to valve

A mitef bend shall conform to para. 306.3.1 and shall design to prevent stem leakage to the environment.
not makela change in direction at a single joint (angle « (2) Bonnet or cover plate closures and body joints
in Fig. 304.2.3) greater than 22.5 deg. Paragraph 306.3.3 shall be,flanged, secured by at least four bolts| with
does not fapply [see para. M300(e)]. gasketing conforming to para. 308.4; or proprigtary,

attached by bolts, lugs, or other substantial meang, and
M306.4 Fabricated or Flared Laps having a gasket design that increases gasket comjpres-
M306/4.1 General. The following requirements do sion as fluid pressure increases; or secured with jp full
not apply to fittings conforming to para. M306.1, nor t5 penetration weld made in accordance with para. M311;
laps integrally forged on pipe ends. Paragraph:306:4.1  °F secured by a straight thread sufficient for mechgnical
applies ' o strength, a metal-to-metal seat, and a seal weld mmade
' in accordance with para. M311, all acting in seriep.
(14) M306.4.2 Flared Laps. Flared laps shallnot be used.

M306.5 Fabricated Branch Connections M308 FLANGES, BLANKS, FLANGE FACINGS, AND

The follJowing requirements dg _not apply to fittings GASKETS
conformihg to para. M306.1. Paragraph 306.5.1 applies, Paragraph 308.1 applies in its entirety.
with the following exceptions:

(a) Of the methods listed in para. 304.3.1(a), the one M308.2 Specific Requirements for Metallic Flanges
in subpaf al (b31) may b€ Ysed only if those in (1) and (2) Paragraph 308.2.4 does not apply [see para. M3(0(e)].
are unavarabie. . ) ) The following shall not be used:

(b) Of| the branch connections described in (1) sinele-welded slip-on flanges
paras. 30#.3.2(b);and (c), those having threaded outlets (h) ex gande deioint ﬂgn o g
are permjtted-Only in accordance with para. M314 and © l'p i ) dg 1 41l leds th
those having socketwetding outletsare permitted-ormty < - SUp-on ,anges used as lapped Langes Uness the
in accordance with para. M311.2. requirements in para. 308.2.1(c) are met

(d) threaded metallic flanges, except those employing
M306.6 Closures le.ns rings or similar gaskets and those used in lined

The following requirements do not apply to blind pipe where the liner extends over the gasket face
flanges or to fittings conforming to para. M306.1. Of  m308 3 Flange Facings 14
the closures described in para. 304.4, flat closures in ) g g. o ) s
accordance with the BPV Code, Section VIII, Division 1, Paragraph 308.3 applies in its entirety.

UG-34 and UW-13, and conical closures without transi-
M308.4 Gaskets (14)

tion knuckles [UG-32(g) and UG-33(f)], may be used
only if others are not available. The requirements in

Paragraph 308.4 applies in its entirety.
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M308.5 Blanks

All blanks shall be marked with material, rating,
and size.

M309 BOLTING

Paragraph 309 applies, except for para. 309.2.4 [see
para. M300(e)].

confined seating surface not subject to relative rotation
as or after the joint is tightened. [See Fig. 335.3.3 sketches
(b) and (c) for acceptable construction.]

M315 TUBING JOINTS IN METALLIC PIPING
Paragraph 315 applies, except for para. 315.2(b).

M316 CAULKED JOINTS

PART 4
FLUID SERVICE REQUIREMENTS FOR METALLIC
PIPING JOINTS

M31p METALLIC PIPING, GENERAL
Paiffagraph 310 applies in its entirety.

M31f WELDED JOINTS IN METALLIC PIPING

Welded joints may be made in any metal for which it
is popsible to qualify welding procedures, welders, and
weldjng operators in accordance with para. M328.

M311.1 General

Pagagraph 311.1 applies with the following exceptions:

(a)| Split backing rings shall not be used.

(b)| Socket welded joints greater than DN 50 (NPS 2)
are njot permitted.

(c)) Examination shall be in accordance with
para{M341.4.
M311.2 Specific Requirements

Patagraphs 311.2.4(a); 311.2.5(a), (b), and\(d); 311.2.6;
and $11.2.7 apply.

M31P FLANGED JOINTS IN METALLIC PIPING
Pagagraph 312 applies in its-entirety.

M31B EXPANDED JOINTS IN METALLIC PIPING

Exppanded joints_shall not be used.

M314 THREADED JOINTS IN METALLIC PIPING
M314.1 (General
Patagraphs 314.1(a), (b), and (c) apply.

Caulked joints shall not be used.

M317 SOLDERED AND BRAZED JOINTS

Soldered, brazed, and brazeswelded joints|shall not
be used.

M318 SPECIAL JOINTS'IN METALLIC PIPIIl:E

Paragraph 318 applies, with the exception that adhe-
sive joints and bell type joints shall not be uged.

PART 5
FLEXIBILITY AND SUPPORT OF METALLIC|PIPING

M319 FLEXIBILITY OF METALLIC PIPING

Paragraph 319 applies, with the exceptior] that the
simplified rules in para. 319.4.1(c) do not apgly.

M320 ANALYSIS OF SUSTAINED LOADS
Paragraph 320 applies.

M321 PIPING SUPPORT

Paragraph 321 applies, except that suppofting ele-
ments welded to the piping shall be of listed|material.

PART 6
SYSTEMS

M322 SPECIFIC PIPING SYSTEMS

M322.3 Instrument Piping

Paragraph 322.3 applies, with the exceptioh that for
signal tubing in contact with process fluids and process

M314.2 Specific Requirements

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 (% < NPS < 1) are
permitted (see Table 314.2.1). Sizes smaller 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 ade-
quate mechanical strength and the joint shall have a

temperature-pressure—conditions

(a) tubing shall be not larger than 16 mm (% in.) O.D.
and shall be suitable for the service

(b) an accessible block valve shall be provided to iso-
late the tubing from the pipeline

(c) joining methods shall conform to the requirements
of para. M315

M322.6 Pressure-Relieving Systems

Paragraph 322.6 applies, except for para. 322.6.3. See
para. M322.6.3.

(14)

(14)

(14)
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M322.6.3 Overpressure Protection

(a) Paragraph 322.6.3(a) applies.

(b) Relief set pressure shall be in accordance with
BPV Code, Section VIII, Division 1.

(c) The maximum relieving pressure shall be in accor-
dance with Section VIII, Division 1.

PART 7
METALLIC MATERIALS

M325 MATERIALS — MISCELLANEOUS
M325.1 Joining and Auxiliary Materials

In applying para. 325, materials such as solvents,
brazes, and solders shall not be used. Nonmetallic mate-
rials used as gaskets and packing materials shall be
suitable for the fluid service.

PART 8

M323 GENERAL REQUIREMENTS

M323.1 Materials and Specifications

Paragraph 323.1.1 applies. See paras. M323.1.2,
M323.1.3) and M323.1.4.

M323}1.2 Unlisted Materials. Paragraph 323.1.2
applies, |with the additional requirement that the
designer|shall fully document the determination of
allowablg stresses as part of the engineering design.

M323
unknowr]

.1.3 Unknown Materials. Materials of
specification shall not be used.

M323.,1.4 Reclaimed Metallic Materials. Reclaimed
materials| may be used when the material certification
records afe available for the specific materials employed,
and the designer is assured that the material is sound
and free from harmful defects.

M323.2

Paragrdph 323.2 applies with the exception that, ity
regard tq lower temperature limits, the relaxatien -of
minimuin temperature limits stated in Note(3) of
Table 3232.2 is not permitted.

Temperature Limitations

M323.3 |mpact Testing Methods and Acceptance

Criteria
Paragrgph 323.3 applies in its éntirety.

M323.4 Fluid Service Requirements for Metallic

Materials

Paragrdph 323.4.1 applies.

M323.4.2 Specific Requirements. Paragraph 323.4.2
applies, ¢xcept.that cast irons other than ductile iron

shall not be used for pressure-containing parts, and lead
and tin shall be used only as linings.

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. Except for
prohibitions and restrietions stated elsewhere in
Chapter VIII, components made in accordance|with
standards and specifications listed in Table 326.1 may
be used in Categdry M service.

s of
ents

Paragraph :826.1.2 applies, except that dimensi
unlisted components shall be governed by require
in paras’ 303 and 304.

M326.1.2/ Unlisted Piping Component}

M326.2 Ratings of Components
Paragraph 326.2 applies in its entirety.

M326.3 Reference Documents
Paragraph 326.3 applies in its entirety.

PART 9
FABRICATION, ASSEMBLY, AND ERECTION QF
METALLIC PIPING

M327 GENERAL

Metallic piping materials and components ard pre-
pared for assembly and erection by one or mqre of
the fabrication processes in paras. M328, M330, M331,
and M332. When any of these processes is used in agsem-
bly and erection, requirements are the same gs for
fabrication.

:M323.4.3 Metallic Cladding and Lining Materials.
In addition to the requirements of para. 323.4.3, where
materials covered in paras. 323.4.2(c)(2) and 323.4.3 are
used as cladding or lining in which the cladding or
lining also serves as a gasket or as part of the flange
facing, consideration shall be given to the design of the
flanged joint to prevent leakage to the environment.

M323.5 Deterioration of Materials in Service
Paragraph 323.5 applies in its entirety.
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M328 WELDING OF METALS

Welding shall be in accordance with paras. M311.1
and 328, except see para. M328.3.

M328.3 Welding Materials

Paragraph 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 suitability has been demonstrated by procedure
qualification.
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M330 PREHEATING OF METALS
Paragraph 330 applies in its entirety.

M331 HEAT TREATMENT OF METALS

Paragraph 331 applies in its entirety, with the excep-
tion that no requirements less stringent than those of
Table 331.1.1 shall be specified.

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.

M332 BENDING AND FORMING OF METALS

Pajjagraph 332 applies in its entirety, except that bend-
ing that conforms to para. 332.2.3 is not permitted.

M335 ASSEMBLY AND ERECTION OF METALLIC

PIPING
M335.1 General

M335.1.1 Alignment. In addition to the require-
ments of para. 335.1.1, any bending or forming required
for alignment and fit-up shall be heat treated if required
by pqra. 332.4.

M33
Paiffagraph 335.2 applies in its entirety.

5.2 Flanged Joints

M335.3 Threaded Joints

Patagraphs 335.3.1 and 335.3.2 apply. See
parag. M335.3.3 and M335.3.4.

MB35.3.3 Straight-Threaded Joints. The'require-
mentps of para. 335.3.3 are subject to the limitations in
para|M322.

MB35.3.4 Condition of Threadsi:\Taper-threaded
components and threaded ends permitted under para.
M314.2.1 shall be examined before’assembly for cleanli-
ness and continuity of threads-and shall be rejected if not
in copformance with ASME-B1.20.1 or other applicable
standards.

M33

M
para.
tions|

b.4 Tubing Joints

B35.4.1 (Flared Tubing Joints. The requirements of
335.4.1\apply; however, see para. M322 for limita-
asseciated with specific piping systems.

M341 EXAMINATION

Paragraphs 341.1, 341.2, 341.3, and:34¥5 applly in their
entirety. See para. M341.4.

M341.4 Extent of Required Examination
Paragraph 341.4.1 applies with the f

exceptions:
(a) Visual Examinatiori
(1) All fabrication shall be examined.
(2) All threaded, bolted, and other m
joints shallbe) examined.

(b) Other Examination. The random radiggraphy/
ultrasenic examination requirements of
para.841.4.1(b)(1) apply, except that at least 20% of cir-
cumferential butt and miter welds and of fabricated
lap and branch connection welds comparabl¢ to those
shown in Fig. 328.5.4E and Fig. 328.5.5, illustrations (d)
and (e), shall be examined.

bllowing

bchanical

M342 EXAMINATION PERSONNEL
Paragraph 342 applies.

M343 EXAMINATION PROCEDURES
Paragraph 343 applies.

M344 TYPES OF EXAMINATION
Paragraph 344 applies in its entirety.

M345 TESTING

Paragraph 345 applies, except that
(a) asensitive leak test in accordance with para. 345.8
shall be included in the required leak test (pdra. 345.1)

M%Fl‘m&ﬂd‘eﬁmpfess;uu Tub;lls ;u:llt:.
The requirements of para. 335.4.2 apply; however, see
para. M322 for limitations associated with specific pip-
ing systems.

M335.6 Special Joints

Special joints shall be in accordance with paras. M318
and 335.6.1.
M335.9 Cleaning of Piping

See Appendix F, para. F335.9.
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(b) the initial service leak test (para. 345.7) does not
apply

M346 RECORDS

Paragraph 346 applies in its entirety.

PARTS 11 THROUGH 20,
CORRESPONDING TO CHAPTER VII

See para. M300(b).
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MA300 GENERAL STATEMENTS

Paragraphs MA300 through MA346 apply to nonme-
tallic piping and piping lined with nonmetals, based on
Chapter VII. Paragraph A300(d) applies.

PART 11
CONDITIONS AND CRITERIA

MA301 DESIGN CONDITIONS

MA306.3 Miter Bends

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

Paragrdph A301 applies in its entirety.

MA302 | DESIGN CRITERIA

Paragraphs A302.1 and A302.4 apply. See
paras. MA302.2 and MA302.3.

MA302.2

Paragrpph A302.2 applies, with the exception of
para. A3(2.2.4. See para. MA302.2.4.

MA302.2.4 Allowances for Pressure and Temperature
Variation] Paragraph A302.2.4(a) applies to both non-
metallic piping and to metallic piping with nonmetallic
lining.

Pressure-Temperature Design Criteria

(14) MA302.3| Allowable Stresses and Other Design
Limits

Paragrdph A302.3 applies.
MA302.4| Allowances

Paragrgph 302.4 applies in its entirety.

PART 12
PRESSURE DESIGN OF NONMETALLIC-PIPING
COMPONENTS

(14) MA303 |GENERAL
Paragrgph A303 applies in its_entirety.

MA304 | PRESSURE DESIGN OF NONMETALLIC

COMPONENTS
Paragrdph A304/applies in its entirety.

PART 13

FLUID SE
PIPING COMPONENTS

(14) MA305 PIPE
Paragraph A305 applies in its entirety.

(14) MA306 NONMETALLIC FITTINGS, BENDS, MITERS,
LAPS, AND BRANCH CONNECTIONS

Paragraphs A306.1 and A306.2 apply. See

para. MA306.3.
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MA307 VALVES AND SPECIALTY COMPONENT5

Paragraph A307 applies, except-that nonmetallic
valves and specialty components'shall not be used.

MA308 FLANGES, BLANKS, FLANGE FACINGS,| AND
GASKETS

Paragraphs A308.1,7308.3, and A308.4 apply in|their
entirety. See pafa.)MA308.2.

MA308.2 Nonmetallic Flanges

Threaded nonmetallic flanges shall not be used

MA309 BOLTING
Paragraph A309 applies in its entirety.

PART 14
FLUID SERVICE REQUIREMENTS FOR NONMETALLIC
PIPING JOINTS

MA310 GENERAL
Paragraph 310 applies in its entirety.

MA311 BONDED JOINTS

MA311.1 General
Paragraph A311.1 applies in its entirety.

MA311.2 Specific Requirements

Hot ¢gas welded, heat fusion, solvent cemented, and
adhesive bonded joints are not permitted except in
linings.

MA312 FLANGED JOINTS
Paragraph 312 applies in its entirety.

MA313 EXPANDED JOINTS

Expanded joints shall not be used.
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MA314 THREADED JOINTS MA323.4.3 Nonmetallic Lining Materials. (14)
Paragraph A323.4.3 applies with the additional require-
(14) MA314.1 G.en.eral ment that where a material in para. A323.4.2 is used as
Threaded joints shall not be used. a lining that also serves as a gasket or as part of the
flange facing, consideration shall be given to design of

MA315 TUBING JOINTS IN NONMETALLIC PIPING the flanged joint to prevent leakage to the environment.
Paragraph A315 applies in its entirety.

PART 18
STANDARDS FOR NONMETALLIC AND
MA3[I6  CAULKED JOINTS NONMETALLIC LINED PIPING COMPONENTS
Catilked joints shall not be used. MA326 DIMENSIONS AND RATINGS OF
COMPONENTS
MA3[18 SPECIAL JOINTS Paragraph A326 applies in its/entirety. Table A326.1
Pafagraph A318 applies in its entirety. applies, except for components ahd systems grohibited
or restricted elsewhere in this\Chapter.
PART 15
FLEXIBILITY AND SUPPORT OF NONMETALLIC PART 19
PIPING FABRICATION; ASSEMBLY, AND ERECTIQON OF
NONMETALLIC.AND NONMETALLIC LINED|PIPING
MA3119 PIPING FLEXIBILITY
MA327 GENERAL (14)

Pagagraph A319 applies in its entirety. Paragraph A327 applies in its entirety:

MA3R1 PIPING SUPPORT
Pajagraph A321 applies in its entirety.

MA328 BONDING OF PLASTICS

Paragraph A328 applies in its entirety.
PART 16
NONMETALLIC AND NONMETALLIC LINED SYSTEMS  MA329 FABRICATION OF PIPING LINED WITH

NONMETALS
MA3R2 SPECIFIC PIPING SYSTEMS
Paragraph A329 applies in its entirety.
Patagraph A322 applies in its entirety.

MA332 BENDING AND FORMING (14)
PART 17

NONMETALLIC MATERIALS Paragraph A332 applies in its entirety.
(14) MA3R3 GENERAL REQUIREMENTS

Paifagraph A323.1 applies with the additional require- o i
ment described in para. MA323.1.2. Paragraph A323.2 Paragraph A334 applies in its entirety.
applies in its entifety. See para. MA323.4.

(14) A323.1.2, Unlisted Materials. Paragraph 323.1.2 MA335 ASSEMBLY AND ERECTION

applies with ‘the additional requirement that the Paragraph A335 applies in its entirety.
designer-shall fully document the determination of

allowable stresses as part of the engineering design.

MA334 JOINING NONPLASTIC PIPING

FAKT 20
MA323.4 Fluid Service Requirements for Nonmetallic INSPECTION, EXAMINATION, TESTING, AND
Materials RECORDS OF NONMETALLIC AND NONMETALLIC
Paragraph A323.4.1 applies. See paras. MA323.4.2 and LINED PIPING
MA323.4.3. MA340 INSPECTION

MA323.4.2 Specific Requirements. Paragraph Paragraph 340 applies in its entirety.
A323.4.2 applies, except that materials listed under
paras. A323.4.2(a), (b), and (d) may be used only as
linings. Thermoplastics may be used as gaskets in accor- MA341 EXAMINATION
dance with paras. M325.1 and MA323.4.3. Paragraph A341 applies in its entirety.
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(14) MA341.1 General MA344 TYPES OF EXAMINATION

Paragraphs 341.1, 341.2, A341.3, and A341.5 apply in
their entirety. See para. MA341.4.

(14) MA341.4 Extent of Required Examination

Paragraph A344 applies in its entirety.

Paragraph A341.4.1 applies, except as follows: MA345 TESTING (14)
(a) Visual Examination
(1) All fabrication shall be visually examined. Paragraph A345 applies except that
(2) All bolted and other mechanical joints shall be (a) asensitive leak test in accordance with para. 345.8
examined. shall be included in the required leak test (para. Ap45.1)
(b) the initial service leak test (para. A345.7)\dog¢s not
(14) MA342 | EXAMINATION PERSONNEL apply
Paragrgph 342 applies in its entirety.
(14 MA343 |EXAMINATION PROCEDURES MA346  RECORDS
Paragrdph 343 applies in its entirety. Paragraph 346 applies in dits‘entirety.
118
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Chapter IX
High Pressure Piping

K300 GENERAL STATEMENTS

K300.2 Definitions

(a)| Applicability. This Chapter pertains to piping des-
ignatled by the owner as being in High Pressure Fluid
Service. Its requirements are to be applied in full to
pipir|g so designated. High pressure is considered herein
to be pressure in excess of that allowed by the
ASME B16.5 Class 2500 rating for the specified design
temperature and material group. However, there are
no specified pressure limitations for the application of
thesd rules.

(b)| Responsibilities. In addition to the responsibilities
statefl in para. 300(b),

1) for each piping system designated as being in
High| Pressure Fluid Service, the owner shall provide
all irfformation necessary to perform the analyses and
testing required by this Chapter

2) the designer shall make a written report to the
r summarizing the design calculations and certi-
that the design has been performed in accordancg
with |this Chapter

(c)] The identification, intent, and Code requiréments
in paras. 300(a), (c), (d), (e), and (f) apply.

(d)| The organization, content, and, wherever possible,
paragraph designations of this Chapter cotrespond to
thos¢ of the first six Chapters (the base Code). The
prefix K is used.

(e)| Provisions and requirements of the base Code
apply only as stated in this.Chapter.

OWN¢
fying

K300.1 Scope

K300.1.1 Content-and Coverage. Paragraph 300.1.1
applies with the-exceptions stated in paras. K300.1.3 and
K30011.4.

K300:1,2 Packaged Equipment Piping. Intercon-
nectihg(piping as described in para. 300.1.2 shall con-

Paragraph 300.2 applies except for terms relgting only
to nonmetals and severe cyclic conditions.

The term allowable stress is used in lieu of b3
able stress.

The term safeguarding and otherterms char
hazardous fluid services are(net used in thi
but should be taken into,decount in design.

sic allow-

hcterizing
Chapter

K300.3 Nomenclature
Paragraph 300.3:applies.

K300.4 Statds of Appendices

Paragrdphv300.4 and Table 300.4 apply, except for
Appendices A, B, H, L, V, and X.

PART 1
CONDITIONS AND CRITERIA

K301 DESIGN CONDITIONS

Paragraph 301 applies with the excey
paras. 301.1, 301.2, 301.3, and 301.5.

tions of

K301.1 General

Paragraph 301.1 applies but refer to para. K3
of para. 301.

1 instead

K301.2 Design Pressure

K301.2.1 General. Paragraph 301.2.1(d4) applies
except that reference to para. 302.2.4 is not applicable.
Paragraphs 301.2.1(b) and (c) apply, buf refer to
para. K304 instead of para. 304.

K301.2.2 Required Pressure Containment dr Relief.
Paragraphs 301.2.2(a) and (b) apply, buf refer to
para. K322.6.3 instead of para. 322.6.3. Paragraph
301.2.2(c) is not applicable.

“form 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
‘and nonmetallic-lined piping.

K300.1.4 Category M Fluid Service. This Chapter
:makes no provision for piping in Category M Fluid
Service. If such piping is required by the owner, the
engineering design shall be developed as provided in
para. 300(c)(5).
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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.

(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.
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K301.3.2 Uninsulated Components. The fluid tem-
perature shall be used as the component temperature.

K301.5 Dynamic Effects
Paragraph 301.5 applies with the exception of
para. 301.5.4.

K301.5.4 Vibration. Suitable dynamic analysis shall
be made where necessary, to avoid or minimize condi-
tions that lead to detrimental vibration, pulsation, or

within the range of temperatures for which stresses are
shown in Table K-1, modified as applicable by other
rules of this Chapter.

(b) Piping components that do not have allowable
stresses or pressure-temperature ratings shall be quali-
fied for pressure design as required by para. K304.7.2.

K302.2.3 Unlisted Components
(a) Piping components not listed in Table K326.1 or
Table K-1, but that conform to a published specification

resonanc¢ effects in the piping.

K302 DESIGN CRITERIA
K302.1 General

In para] K302, pressure-temperature ratings, stress cri-
teria, degign allowances, and minimum design values
are stated, and permissible variations of these factors as
applied tp 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, con-
sidering at least the following:

(a) tengile, compressive, flexural, and shear strength
at design| temperature

(b) fatigue strength

(c) desjgn stress and its basis

(d) dugtility and toughness

(e) pospible deterioration of mechanical properties in
service

(f) thefmal properties

(g) temperature limits

(h) resistance to corrosion and erosion

(i) fabijication methods

(j) examination and testing methods

(k) hydrostatic test conditions

(I) bor¢ imperfections

i,iK302.2 Pressure-Temperature.Design Criteria

K302.

: 2.1 Listed Components Having Established
‘Ratings.

Pressure-temperature ratings for certain pip-
ing comppnents havebeen established and are contained
in some df the stafidards in Table K326.1. Unless limited
elsewher¢ in this ‘Chapter, those ratings are acceptable
for design _pressures and temperatures under this
Chapter. With the owner’s approval, the rules and limits

or standard, may be used subject to the following
requirements:
(1) The designer shall determine that(Compodition,
mechanical properties, method of mdnufacture|, and
quality control are comparable to.the correspording
characteristics of listed componerits:
(2) Pressure design shall be vérified in accordlance
with para. K304, including thetatigue analysis required
by para. K304.8.
(b) Other unlisted eomponents shall be qualifig
pressure design as required by para. K304.7.2.

d for

K302.2.4 Alowance for Pressure and Tempeilature
Variations. Variations in pressure above the dpsign
pressure at.the coincident temperature, except for jaccu-
mulation‘during pressure relieving (see para. K322.6.3),

are net{Ppermitted for any piping system.

K302.2.5 Ratings at Junction of Different Servi
Paragraph 302.2.5 applies.

[es.

K302.3 Allowable Stresses and Other Design Limits

K302.3.1 General. The allowable stresses dgfined
below shall be used in design calculations unless modi-
fied by other provisions of this Chapter.

(a) Tension. Allowable stresses in tension for u
design in accordance with this Chapter are list
Table K-1, except that maximum allowable stress v
and design stress intensity values for bolting, re
tively, are listed in the BPV Code, Section II, Pz
Tables 3 and 4.

The tabulated stress values in Table K-1 are grquped
by materials and product form and are for stated teqpper-
atures up to the limit provided for the materigls in
para. K323.2.1. Straight line interpolation between| tem-
peratures to determine the allowable stress for a specific
design temperature is permissible. Extrapolation {s not

se in
bd in
alues
spec-
rt D,

of this Chapter may be used to extend the pressure—
temperature ratings of a component 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 stresses have
been developed in accordance with para. K302.3, but
that do not have specific pressure—temperature ratings,
shall be rated by rules for pressure design in para. K304,
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(b) Shear and Bearing. Allowable stress in shear shall
be 0.80 times the allowable stress in tension tabulated
in Table K-1. Allowable stress in bearing shall be 1.60
times the allowable stress in tension.

(c) Compression. Allowable stress in compression
shall be no greater than the allowable stress in tension
tabulated in Table K-1. Consideration shall be given to
structural stability.

(d) Fatigue. Allowable values of stress amplitude,
which are provided as a function of design life in the
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BPV Code, Section VIII, Division 2, Part 3, para. 3.15;
or Division 3, Article KD-3; as applicable, may be used
in fatigue analysis in accordance with para. K304.8.

K302.3.2 Bases for Allowable Stresses. The bases
for establishing allowable stress values for materials in
this Chapter are as follows:

(a) Bolting Materials. The criteria of Section II, Part D,

(d) Cyclic Stresses. Allowable values of alternating
stress or equipment alternating stress, as applicable,
shall be in accordance with Section VIII, Division 2,
Part 3, para. 3.15 and Part 5; or Division 3, Article KD-3;
respectively.

K302.3.3 Casting Quality Factor! The casting quality
factor, E., shall be 1.00 by conformance to all of the
following supplementary requirements:

(a) All surfaces shall have a roughness average, R,

Appendix 2, para. 2-120 or 2-130, or Section VIII
Divigion 3, Article KD-6, para. KD-620, as applicable,
apply.
(b)| Other Materials. For materials other than bolting
materials, the following rules apply:
1) Except as provided in (b)(2) below, allowable
stres§ values at design temperature for materials shall
not ejxceed the lower of two-thirds of Sy and two-thirds

of S,|. S is determined in accordance with eq. (31)
Syt = SyRy (31)
where
Ry| = ratio of the average temperature dependent
trend curve value of yield strength to the room
temperature yield strength
Sy| = specified minimum yield strength at room
temperature
Syl = yield strength at temperature

2) For solution heat treated austenitic stainless
steel§ and certain nickel alloys with sifnildr stress-strain
behatior, allowable stress values shall not exceed the
lower of two-thirds of Sy and 90% of S,;.

Application of stress values so*determined is not rec-
ommended for flanged joints and other components in
which slight deformationcan cause leakage or malfunc-
tion. |[These values_ are-shown in italics or boldface in
Tabl¢ K-1, as explained in Note (5) to Appendix K
Tablgs.] Insteady either 75% of the stress value in
Tablg K-1 oritwo-thirds of the yield strength at tempera-
ture listed.in"Section II, Part D, Table Y-1, as applicable,
should'be used.

not greater than 6.3 pm R, (250 pin. R,); see AYME B46.1
for a definition of R,.

(b) All nonferromagnetic surfaces shall be pxamined
using the liquid penetrant method’ in accordance with
ASTM E165, with acceptability, judged in a¢cordance
with MSS SP-93, Table 1. All fefromagnetic surfaces shall
be examined using either(he Tiquid penetrarjt method
or the magnetic particle\miethod, in accordgnce with
ASTM E165 or ASTM-E709, respectively. Acdeptability
of imperfections, including those in weld reppirs, shall
be judged in accordance with MSS SP-93, Table 1 or
MSS SP-53, Table 1, respectively. 11

(c) Eaclrcasting shall be fully examined either ultra-
sonically in accordance with ASTM E114 or radiographi-
callysin'accordance with ASTM E94. Cracks andl hot tears
(Category D and E discontinuities in accordange with the
standards listed in Table K302.3.3D) and impprfections
whose depths exceed 3% of nominal wall thigkness are
not permitted. Acceptable severity levels flor radio-
graphic examination of castings shall be in agcordance
with Table K302.3.3D.

K302.3.4 Weld Joint Quality Factor. Piping compo-
nents containing welds shall have a weld joint quality
factor E; = 1.00 (see Table 302.3.4), except that the accept-
ance criteria for these welds shall be in accordpnce with
para. K341.3.2. Spiral (helical seam) welds are not
permitted.

K302.3.5 Limits of Calculated Stressds Due to
Sustained Loads and Displacement Strains
(a) Internal Pressure Stresses. Stresses due tp internal
pressure shall be considered safe when the wall thick-
ness of the piping component, and its means pf stiffen-
ing, meet the requirements of para. K304.
(b) External Pressure Stresses. Stresses due tp external
pressure shall be considered safe when the wall thick-

(c) Unlisted Materials. For a material that conforms to
para. K323.1.2, allowable stress values at design temper-
ature shall not exceed the lower of two-thirds of Sy and
two-thirds of S.

(1) Except as provided in (c)(2) below, S shall be
determined in accordance with eq. (31).

(2) If the yield strength at temperature for an
unlisted material is contained in Section II, Part D,
Table Y-1, that yield strength at temperature value may
be used directly in the determination of allowable stress.
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TTCSS Uf i.hc Piyiug Luull.Juucu'L, aud ttseans f stiffen—
ing, meet the requirements of para. K304.

(c) Longitudinal Stresses, S;. The sum of the longitudi-
nal stresses S; in any component in a piping system due
to sustained loads, such as pressure and weight, shall
not exceed S, in (d) below. The thickness of pipe used
in calculating Sy, shall be the nominal thickness minus

mechanical, corrosion, and erosion allowance, c.

! See 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
51<T <114 (4.5) ASTM E186 1 A, B, C
114 < T <305 (12) ASTM E280 1 A, B, C
(d) Allgwable Displacement Stress Range, Sy The com- PART 2

puted digplacement stress range, S, in a piping system
(see paral 319.4.4) shall not exceed the allowable dis-
placement stress range, S4 (see para. 319.2.3), calcu-
lated by

PRESSURE DESIGN OF PIPING COMPONENTS
K303 GENERAL

Components manufactured, in accordance with [stan-
dards listed in Table K326.1shall be considered sujtable

Sa = 1.258. + 0.25S5, (32) for use at pressure-temperature ratings in accordlance
with para. K302.2.
where
S, = allowable stress from Table K-1 a.t rninimu.m K304 PRESSURE DESIGN OF HIGH PRESSURE
etal temperature expected during the dis- COMPONENTS
lacement cycle under analysis
S, = allowable stress from Table K-1 at maximum  K304.1 Straight Pipe

etal temperature expected during the dis-
Pplacement cycle under analysis

K302J3.6 Limits of Calculated Stresses Due to
Occasional Loads

(a) Opdration. The sum of the longitudinal stresses,
Sp, due td sustained loads, such as pressure and weight,
and of the stresses produced by occasional loads, such
as wind qr earthquake, may be as much as\1.2.times the
allowablq stress given in Table K-1. Where'the allowable
stress value in Table K-1 exceeds two=thirds of Sy, St
shall not| exceed 90% of Syt listed i the BPV Code,
Section II} Part D, Table Y-1. Wind\and earthquake forces
need not|be considered as acting concurrently.

(b) Tes]. Stresses due totest conditions are not subject
to the lirpitations in pafa.” K302.3. It is not necessary
to consider other oceasional loads, such as wind and
earthquake, as odctrring concurrently with test loads.

K302.4 l|\llowances

K304.1.1 General
(1) The required wall thickness of straight sectigns of
pipe shall be determined in accordance with eq. (33).

tw =t+c (33)

The minimum wall thickness, T, for the pipe sel¢cted,
considering manufacturer’s minus tolerance, shall e not
less than t,,.

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

cC = ¢ +¢
= the sum of mechanical allowances? (threhd or
groove depth) plus corrosion and er¢gsion
allowances (where ¢; = the sum of inflernal
allowances and ¢, = the sum of external allow-
ances). For threaded components, the nominal
thread depth (dimension & of ASME B1.20.1 or
equivalent) shall apply, except that for stfaight
threaded connections, the external thread

gvnr“n:n t‘]apﬂ'\ need-notbe considered pvn 7ided

In determining the minimum required thickness of
a piping component, allowances shall be included for
corrosion, erosion, and thread or groove depth. See the
definition of ¢ in para. K304.1.1(b).

K302.5 Mechanical Strength

Paragraph 302.5 applies. In addition, a fatigue analysis
in accordance with para. K304.8 shall be performed for
any means used to increase the strength of a piping
component.

(a) it does not exceed 20% of the wall
thickness;

(b) the ratio of outside to inside diameter,
D/d, is greater than 1.1;

(c) the internally threaded attachment pro-
vides adequate reinforcement; and

2 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.
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(d) the thread plus the undercut area, if any,
does 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 para. K304.1.2 for internal pressure, or in
accordance with the procedure listed in
para. K304.1.3 for external pressure

t, = minimum required wall thickness, including

D = outside diameter of pipe. For design calcula-
tions in accordance with this Chapter, the out-
side diameter of the pipe is the maximum value
allowable under the specifications.

d = inside diameter of pipe. For design calculations
in accordance with this Chapter, the inside
diameter of the pipe is the maximum value
allowable under the specifications.

= internal design gage pressure

1 - 1 . 1 . 11
IMIECTdItCdl, COITOSI0I0, dlld CIOSI0IT dlIOWAIICES

Adequate reinforcement by the attachment is defined
as that necessary to ensure that the static burst pressure
of the connection will equal or exceed that of the
unthteaded portion of the pipe. The adequacy of the
reinfprcement shall be substantiated as required by
para|K304.7.2.

K304.1.2 Straight Pipe Under Internal Pressure

(a)| Except as provided in (b) below for solution heat
treatpd austenitic stainless steels and certain nickel
alloyp with similar stress—strain behavior, the internal
presdqure design wall thickness, t, shall be not less than
that falculated in accordance with eq. (34a) for pipe
with|a specified outside diameter and minimum wall
thickhess, or eq. (34b) for pipe with a specified inside
diamjeter and minimum wall thickness.

=2 _22% [1 ~exp (%Pﬂ (342)% 4 3
or
P +22C" [exp (g) - 1] (34b)> 3
Alternatively, the internal designgage pressure, P, may
be cdlculated by eq. (35a) or (35b);
P=5xIn [i] (35a)*
D-2(T-c)
or
R=SxXIn [%] (35b)*®
where

11 11 + £ i s S I =1
dlIOWdDIC SUCSS 1T0IIT 1dDIC IN=1
= pipe wall thickness (measured or mifimum in
accordance with the purchase specifi¢ation)

Y ]
|

(b) At design temperatures where'allowablg stress, S,
values in Table K-1 are in boldface(solution hdat treated
austenitic stainless steels and_¢ertain nickel alloys with
similar stress—strain behayior only), the internall pressure
design wall thickness, tsshall be not less than ﬂ;at calcu-
lated in accordance with eq. (34c) for pipe with a speci-
fied outside diameter and minimum wall thigkness, or
eq. (34d) for pipé with a specified inside diampeter and
minimum wall thickness.

_D-2q ~1.155P 45
t = 5 [1 - exp( S )] (34¢)
or
d + 2¢; .
. +2 c [exp(1 1&53513)_ 1] (34d) 5

Alternatively, the internal design gage pressire, P, may
be calculated by eq. (35¢c) or (35d).

PS5 pn|_P =% 350)* 5
T 1155 D= 2(T - ¢) (35¢)
or
S d+2(T-¢) s
P=115 n[ d+ 2c (35d)

K304.1.3 Straight Pipe Under External Pressure.
The pressure design thickness for straight pjpe under
external pressure shall be determined in accordance with
para. K304.1.2 for pipe where D/t < 3.33, if af| least one
end of the pipe is exposed to full external|pressure,
producing a compressive axial stress. For D/t 3 3.33, and

3 An exponential [e.g., the term exp (~P/S)] represents the base
of natural logarithms e raised to the stated power (i.e., —P/S).

* The intent of this equation is to provide a factor of not less than
1.732 (or \/§) on the pressure required, according to the von Mises
theory, to initiate yielding on the outside surface of a cylinder
made from an elastic-perfectly plastic material. For solution heat
treated austenitic stainless steels and certain nickel alloys with
similar stress-strain behavior, this factor is as low as approximately
1.5 at elevated temperatures.

5 Any mechanical, corrosion, or erosion allowance, ¢, not specified
as internal, ¢;, or external, c,, shall be assumed to be internal, i.e.,
c=c¢andc, = 0.

for D/A<3-33where-external pressureisnotapplied to
at least one end of the pipe, the pressure design wall
thickness shall be determined in accordance with
para. 304.1.3 except that the stress values shall be taken
from Table K-1.

K304.2 Curved and Mitered Segments of Pipe

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

123
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equal to or greater than ten times the nominal pipe
outside diameter and the tolerances and strain limits
of para. K332 are met. Otherwise the design shall be
qualified as required by para. K304.7.2.

K304.2.2 Elbows. Manufactured elbows not in
accordance with para. K303 and pipe bends not in accor-
dance with para. K304.2.1 shall be qualified as required
by para. K304.7.2.

K304.5.2 Blind Flanges

(a) Blind flanges not in accordance with para. K303
or (b) or (c) below shall be qualified as required by
para. K304.7.2.

(b) A blind flange may be designed in accordance
with eq. (36). The thickness of the flange selected shall
be not less than t,, (see para. K304.1.1 for nomenclature),
considering manufacturing tolerance

K304p2-3—Miter Bemnds.

permitted.

K304.2.4 Curved Segments of Pipe Under External
Pressure.] The wall thickness of curved segments of
pipe subjpcted to external pressure may be determined
as specifipd for straight pipe in para. K304.1.3 provided
the design length L is the running centerline length
between jany two sections that are stiffened in accor-
dance with para. 304.1.3.

Miter bends are not

K304.3 Branch Connections

K304.B.1 General. Acceptable branch connections
include § fitting in accordance with para. K303, an
extruded|outlet in accordance with para. 304.3.4, or a
branch cgnnection fitting (see para. 300.2) similar to that

shown in| Fig. K328.5.4.

K304.8.2 Strength of Branch Connections

(a) Th¢opening made for a branch connection reduces
both stat{c and fatigue strength of the run pipe. There
shall be qufficient material in the branch connection 0
contain pressure and meet reinforcement requirements.

(b) Static pressure design of a branch conneetion not
in accorfdance with para. K303 shall conform to
para. 304/3.4 for an extruded outlet or shall:be qualified
as requir¢d by para. K304.7.2.

K304
Connectiq
para. 304

.3.3 Reinforcement of “Welded Branch
ns. Branch connectipns-made as provided in
3.3 are not permitted,

K304.4 (Closures

(a) Closures not innaccordance with para. K303 or (b)
below shhll be qualified as required by para. K304.7.2.
(b) Clgsuressmay be designed in accordance with the
methods,| allowable stresses, and temperature limits of
the BPV [Code, Section VIII, Division 2 or Division 3,

i =1FT (36)
The methods, allowable stresses, and tempégraturg lim-
its of Section VIII, Division 2, Part 4, para/4.6 mhy be
used, with the following changes in nomenclatufe, to
calculate t,,;:
¢ = sum of mechanical alléwances, defin
para. K304.1.1
t = pressure design thickness as calculated fgr the
given style of blind flange using the appropriate
equation of Pdrt 4, para. 4.6

bd in

(c) A blind flanige may be designed in accordlance
with the rules/allewable stresses, and temperature limits
of Section VIII, Division 3, Article KD-6 and Section II,
Part D.

K304:5.3 Blanks. Design of blanks shall be in gccor-
dance with para. 304.5.3(b), except that E shall b¢ 1.00
and the definitions of S and ¢ shall be in accordlance
with para. K304.1.1.

K304.6 Reducers

Reducers not in accordance with para. K303 shgll be
qualified as required by para. K304.7.2.

K304.7 Pressure Design of Other Components

K304.7.1 Listed Components. Other prespure-
containing components manufactured in accordance
with standards in Table K326.1 may be utilized in dccor-
dance with para. K303.

K304.7.2 Unlisted Components. Pressure design of
unlisted components to which the rules elsewhgre in
para. K304 do not apply shall be based on the pressure
design criteria of this Chapter. The designer shall ensure
that the pressure design has been substantiated thijough

and Section II, Part D.

K304.5 Pressure Design of Flanges and Blanks

K304.5.1 Flanges — General

(a) Flanges not in accordance with para. K303 or (b)
below shall be qualified as required by para. K304.7.2.

(b) A flange may be designed in accordance with the
methods, allowable stresses, and temperature limits of
Section VIII, Division 2, Part 4, para. 4.16, or Part 5, or
Division 3, Article KD-6, and Section II, Part D.
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Note that designs are also required to be checked for
adequacy of mechanical strength as described in
para. 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 substantiate both
the static pressure design and fatigue life at the intended
operating conditions. Static pressure design may be sub-
stantiated by demonstrating that failure or excessive
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plastic deformation does not occur at a pressure 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 temper-
ature to the allowable stress at design temperature, and
by the 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

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

K304.8.2 Amplitude of Alternating Stress

(a) Fatigue Analysis Based Upon Section VIII, Division 2.
The value of the alternating stress amplitude for compar-
ison with design fatigue curves shall be determined in
accordance with Part 5. The allowable amplitude of
alternating stress shall be determined from the applica-
ble design fatigue curve in Part 3, para. 3.15.

method)ywithr Tesultsevaluated as described i
Sectipn VIII, Division 3, Article KD-2, except that for
lineay elastic analyses
1) S,/1.5 in Division 3 shall be replaced by S from
K-1, and
2) the Division 3 stress intensity limits due to sus-
tained loads may be increased by the same factor applied
in pafra. K302.3.6(a) when wind or earthquake loads are
included. However, this limit shall not exceed 90% of
Sy ligted in the BPV Code, Section II, Part D, Table Y-1.
(d)| for (a), (b), and (c) above, interpolations supported
by analysis are permitted between sizes, wall thick-
nessgs, and pressure classes, as well as analogies among
relatpd materials with supporting material property
data|Extrapolation is not permitted.

K304.7.3 Components With Nonmetallic Parts.
Except for gaskets and packing, nonmetallic parts are
not germitted.

Tabld

KB04.7.4 Bellows Type Expansion Joints. Bellows

type |expansion joints are not permitted.

K304.8 Fatigue Analysis

K304.8.1 General. A fatigue analysis'shall be per-
formpd on each piping system, incliding all compo-
nentd® and joints therein, and considering the stresses

(b) Fatigue Analysis Based Upon Section VI, [Division 3
(1) The values of the alternating stress intensity, the
associated mean stress, and the equivalent aternating
stress intensity shall be determined im accordpnce with
Articles KD-2 and KD-3. The allgwable amplitfide of the
equivalent alternating stresshall be determined from
the applicable design fatige curve in Articld KD-3.
(2) If it can be shown that the piping c¢mponent
will fail in a leak-before-burst mode, the number of
design cycles (desigtl fatigue life) may be cal¢ulated in
accordance with either Article KD-3 or Article KD-4. If
a leak-before-bfirst mode of failure cannot be shown, the
fracture mrechanics evaluation outlined in Arficle KD-4
shall bewused to determine the number of desjgn cycles
of the.component.
(©) Additional Considerations. The designer is cau-
tioned that the considerations listed in para. KB02.1 may
reduce the fatigue life of the component below] the value
predicted by para. (a) or (b) above.

K304.8.3 Pressure Stress Evaluation folr 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.

resulfing from attachments, to detetmine its suitability S = PD? (37)
for tHe cyclic operating conditions’ specified in the engi- AT -¢)[D-(T-0c)]
neering design. Except as permitted in (a) and (b) below, ) F . . .

. . . or fatigue analysis of curved pipe, eq{ (37) may
or infparas. K304.8.4 and\KB04.8.5, this analysis shall be be used, with the dimensions of the straight pipe from

in a¢cordance withSthe BPV Code, Section VIII,
Dividion 2 or Diyision 3.® The cyclic conditions shall
include pressure vatiations as well as thermal variations
or displacemient stresses. The requirements of
para| K3048\are in addition to the requirements for a
flexipility/analysis stated in para. K319. No formal

which it was formed, to calculate the maximjum stress
intensity at the inside surface due only to intefrnal pres-
sure, provided that the centerline bend radius fis not less
than ten times the nominal outside diameter of the pipe,
and that the tolerance and strain limits of ppra. K332
are met. Bends of smaller radius shall be qualified as

fatig

(a) are duplicates of successfully operating installa-
tions or replacements without significant change of sys-
tems with a satisfactory service record or

1e analvsis is rpqnirpr] in systems that

® Bore imperfections may reduce fatigue life.

7 If the range of temperature change varies, equivalent full tem-
perature cycles N may be computed as provided in footnote 5 to
para. 302.3.5.

8 Fatigue analysis in accordance with Section VIII, Division 2 or
Division 3, requires that stress concentration factors be used in
computing the cyclic stresses.

125

required by para. K304.7.2.

(c) If the value of S calculated by eq. (37) exceeds
three times the allowable stress from Table K-1 at the
average temperature during the loading cycle, an inelas-
tic analysis is required.

K304.8.4 Fatigue Evaluation by Test. With the own-
er’s approval, the design fatigue life of a component
may be established by destructive testing in accordance

° The term stress intensity is defined in Section VIII, Division 3.
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Table K305.1.2 Required Ultrasonic or Eddy
Current Examination of Pipe and Tubing for
Longitudinal Defects

K305.1.3 Heat Treatment. Heat treatment, if
required, shall be in accordance with para. K331.

K305.1.4 Unlisted Pipe and Tubing. Unlisted pipe

, and

r the

sting
cept-

Diameter, Examination Paragraph  and tubing may be used only in accordance with
mm (in.) Required Reference para. K302.2.3.
d<3.2 (%) or None
D<6.4(
<64 () K306 FITTINGS, BENDS, AND BRANCH
3.2 (%) <d<17.5 (W) Eddy current (ET)  K344.8 or CONNECTIONS
and 6.4 (=D =254(D fNote{Htor K3#476
ultrasonic (UT) Pipe and other materials used in fittings, bendd
d>17.5 (J1e) or D> 25.4 (1)  Ultrasonic (UT) K344.6 ‘pranch connections shall be suitable f(?r the manuf(lctur-
ing or fabrication process and otherwise suitable f
NOTE: service.
(1) This expmination is limited to cold drawn austenitic stainless
steel pfpe and tubing. K306.1 Pipe Fittings
K306.1.1 General. All castings shall have a cg
. L . quality factor E. = 1.00, with examination and a
Wlth. paja. K304.7.2 in lieu of the above analysis ance criteria in accordandewith para. K302.3.3. All yelds
requirements.

K304.8.5 Extended Fatigue Life. The design fatigue
life of piging components may be extended beyond that
determinpd by Section VIII, Division 2, Part 3, para. 3.15
and Part|5; or Division 3, Article KD-3; as applicable,
by the uge of one of the following methods, provided
that the fomponent is qualified in accordance with
para. K3(4.7.2:

(a) sufjface treatments, such as improved surface
finish

(b) preptressing methods, such as autofrettage, shot
peening, jor shrink fit

The degigner is cautioned that the benefits of prestress
may be relduced due to thermal, strain softening.er other
effects.

PART 3
FLUID SERVICE REQUIREMENTS FOR PIPING
COMPONENTS

K305 PRIPE

Pipe inlcludes components designated as “tube” or
“tubing” |in the matetial specification, when intended
for pressyire service:

K305.1 I]lequirements

shall have a weld quality factor E; = 1.00, with examina-
tion and acceptance criteria in accordance with paras.
K341 through K344. Spiral (helical seam) welds afe not
permitted. Listed fittings may be used in accordlance
with para, §303. Unlisted fittings may be used only in
accordance with para. K302.2.3.

K306.1.2 Specific Fittings

(1) Socket welding fittings are not permitted.

(b) Threaded fittings are permitted only in accordlance
with para. K314.

(c) Branch connection fittings (see para. 300.2) whose
design has been performance tested successfully as
required by para. K304.7.2(b) may be used within| their
established ratings.

K306.2 Pipe Bends

K306.2.1 General. A bend made in accordance
para. K332.2 and verified for pressure design in 3
dance with para. K304.2.1 shall be suitable for the
service as the pipe from which it is made.

K306.2.2 Corrugated and Other Bends. Ben{ds of
other design (such as creased or corrugated) arp not
permitted.

with
ccor-
same

K305.1.1 General. Pipe and tubing shall be either
seamless or longitudinally welded with straight seam
and a joint quality factor E; = 1.00, examined in accor-
dance with Note (2) of Table K341.3.2. Spiral (helical
seam) welds are not permitted.

K305.1.2 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.
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K306.3 Miter Bends

Miter bends are not permitted.

K306.4 Fabricated or Flared Laps
Only forged laps are permitted.

K306.5 Fabricated Branch Connections

Fabricated branch connections constructed by welding
shall be fabricated in accordance with para. K328.5.4
and examined in accordance with para. K341.4.
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K307 VALVES AND SPECIALTY COMPONENTS

The following requirements for valves shall also be
met, as applicable, by other pressure-containing piping
components, such as traps, strainers, and separators.

K307.1 General

Pressure design of unlisted valves shall be qualified
as required by para. K304.7.2.

Factors such as assembly and disassembly (if applica-
ble), cyclic loading, vibration, shock, bending, and ther-
mal expansion and contraction of joints shall be
considered in the engineering design.

K311 WELDED JOINTS
K311.1 General

Welds shall conform to the following:

K308 FLANGES, BLANKS, FLANGE FACINGS, AND (1) Welding shall be in accordance with pafra. K328.
GASKETS (b) Preheating and heat treatment shall\be|in accor-
K308.1 General dance with paras. K330 and K331, respectively.

Pressure design of unlisted flanges shall be verified
in adcordance with para. K304.5.1 or qualified as
required by para. K304.7.2.

K308

K308.2.1 Threaded Flanges. Threaded flanges may
be uged only within the limitations on threaded joints
in pdra. K314.

K3
ing,
laps,
K308

Th¢ flange facing shall be suitable for the service and
for the gasket and bolting employed.

K308.4 Gaskets

Gagkets shall be selected so that the required/seating
load s compatible with the flange rating and facing, the
strength of the flange, and its bolting. Materials shall
be syitable for the service conditionsy Mode of gasket
failuge shall be considered in gasket.selection and joint
design.

K308.5 Blanks

Blanks shall have a nfarking, identifying material,
presqure-temperaturesrating, and size, that is visible
after|installation.

.2 Specific Flanges

08.2.2 Other Flange Types. Slip-on, socket weld-
ind expanded joint flanges, and flanges for flared
are not permitted.

.3 Flange Facings

K309 BOLFING

Bolting7including bolts, bolt studs, studs, cap screws,
nuts,| atyd-Wwashers, shall meet the requirements of the
BPV ; i S DIivisi p , 3.7,
Part4, para. 4.16; and Part 5, para. 5.7. See also Appendix
E para. F309, of this Code.

PART 4
FLUID SERVICE REQUIREMENTS FOR PIPING JOINTS

K310 GENERAL

Joints shall be suitable for the fluid handled, and for
the pressure-temperature and other mechanical load-
ings expected in service.
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(c) Examination shall be inrmaccordance with
para. K341.4, with acceptancelcriteria as $hown in

Table K341.3.2.

K311.2 Specific Requiremeénts

Inserts.
le inserts
bpt when

K311.2.1 Backing‘Rings and Consumable
Backing rings shall\hot be used. Consumab
shall not be used)in butt welded joints exc
specified by the engineering design.

K311.:2:2"Fillet Welds. Fillet welds may
only forstructural attachments in accordance
requirements of paras. K321 and K328.5.2.

K311.2.3 Other Weld Types. Socket weld
welds are not permitted.

be used
with the

5 and seal

K312 FLANGED JOINTS

Flanged joints shall be selected for leak tighthess, con-
sidering the requirements of para. K308, flarjge facing
finish, and method of attachment. See also pgra. F312.

K312.1 Joints Using Flanges of Different Rat
Paragraph 312.1 applies.

ings

K313 EXPANDED JOINTS

Expanded joints are not permitted.

K314 THREADED JOINTS

K314.1 General
Except as provided in paras. K314.2 an

K314.3,

(a) Layout of piping shall be such as to minimize
strain on threaded joints that could adversely affect
sealing.

(b) Supports shall be designed to control or minimize
strain and vibration on threaded joints and seals.

K314.2 Taper-Threaded Joints

(a) Taper-threaded joints shall be used only for instru-
mentation, vents, drains, and similar purposes, and shall
be not larger than DN 15 (NPS %).

Licensee=Methanex Corp/5975064001
Not for Resale, 06/16/2015 06:19:47 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2014.pdf

ASME B31.3-2014

(b) External-threaded components shall be at least
Schedule 160 in nominal wall thickness. The nominal
thickness of Schedule 160 piping is listed in
ASME B36.10M for DN 15 (NPS %) and in ASME B16.11
for sizes smaller than DN 15 (NPS %).

K314.3 Straight-Threaded Joints

K314.3.1 Joints With Seal Formed by Projecting
Pipe. Threaded joints where the threads are used to

K315.3 Flareless Joints Using Components Not
Conforming to Listed Standards

Joints made up using flareless type fittings not listed
in Table K326.1 may be used, provided that the type of
titting selected is adequate for the design pressure, other
loadings, and the design temperature, and does not rely
on friction to restrain the axial load. The design shall
also be qualified by performance testing in accordance
with para. K304.7.2(b). Testing shall be conducted for

attach flqhges or fittings, and in which the pipe end
projects through the flange or fitting and is machined
to form the sealing surface with a lens ring, cone ring,
the mating pipe end, or other similar sealing device,
may be uged. Such joints shall be qualified in accordance
with parq. K304.7.2(a) or (b).

K314.8.2 Other Straight-Threaded Joints

(a) OtHer Joints Using Components Conforming to Listed
Standards| Joints made up using straight-threaded fit-
tings covered by standards listed in Table K326.1 may
be used, provided the fittings and joints are suitable for
the pipe [with which they are to be used (considering
piping tqlerances and other characteristics), are used
within the pressure-temperature limitations of the fit-
ting, and|comply with para. K302.2.1.

(b) OtHer Joints Using Components Not Conforming to
Listed Standards. Other straight-threaded joints (e.g., a
union comprising external and internal ends joined with
a threadefl union nut, or other constructions shown typi-
cally in Hig. 335.3.3) may be used. Such joints shall be
qualified| by performance testing in accordance with
para. K3(04.7.2(b). Testing shall be conducted for-each
material {ype/grade and heat treatment condition, com-
ponent cgnfiguration (e.g., elbow), size (e.g., NPS), and
pressure fating. Performance testing of joints in which
the process of making up the joint involyes significant
uncontrolled loads (e.g., hammer unions) shall include
testing designed to simulate actualjloads.

K315 T
K315.1 §

Joints d

K315.2 [klarelessJoints Using Components
Conforming to Listed Standards

UBING JOINTS
lared Type Joints
f the flared-type are not permitted.

each material type/grade and heat treatment condjition,
component configuration (e.g., elbow), size (e:g’, NPS),
and pressure rating.

K316 CAULKED JOINTS

Caulked joints are not permitted,

K317 SOLDERED AND BRAZED JOINTS
K317.1 Soldered Joints

Soldered joints are not permitted.

K317.2 Brazed Joints

(a) Braze welded joints and fillet joints made
brazing filler metal are not permitted.

(b)(Brazed joints shall be made in accordance
parar K333 and shall be qualified as require
para. K304.7.2. Such application is the owner’s resq
bility. The melting point of brazing alloys shall be cd
ered when exposure to fire is possible.

with

with
d by
onsi-
nsid-

K318 SPECIAL JOINTS

Special joints include coupling, mechanical, and
nut and collar types of joints.

pland

K318.1 General

Joints may be used in accordance with para. 318.p and
the requirements for materials and components in this
Chapter.

K318.2 Specific Requirements

K318.2.1 Prototype Tests. A prototype joint|shall
have been subjected to performance tests in accordlance
with para. K304.7.2(b) to determine the safety of th¢ joint
under test conditions simulating all expected sq

rvice

Joints rhade—up—using—flaretess—typefittings—covered
by listed standards in Table K326.1 may be used, pro-
vided that the fittings

(a) do not rely on friction to carry loads from the
tubing to the fitting

(b) are suitable for the tubing or pipe with which they
are to be used (considering piping tolerances and other
characteristics)

(c) are used within the pressure-temperature limita-
tions of the fitting and the joint

(d) comply with para. K302.2.1
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conditions. Testing shall include cyclic simulation.

K318.2.2 Prohibited Joints. Bell type and adhesive
joints are not permitted.

PART 5
FLEXIBILITY AND SUPPORT

K319 FLEXIBILITY

Flexibility analysis shall be performed for each piping
system. Paragraphs 319.1 through 319.7 apply, except
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for paras. 319.4.1(c) and 319.4.5. The computed displace-
ment stress range shall be within the allowable displace-
ment stress range in para. K302.3.5 and shall also be
included in the fatigue analysis in accordance with
para. K304.8.

K321 PIPING SUPPORT

Piping suppo 3 atta
in acfordance w1th para. 321 except as mod1f1ed below
and ghall be detailed in the engineering design.

K321.1 General

K321.1.1 Objectives. Paragraph 321.1.1 applies, but
substitute “Chapter” for “Code” in (a).

K321.1.4 Materials. Paragraph 321.1.4 applies, but
replace (e) with the following:

(e)] Attachments welded to the piping shall be of a
mateyial compatible with the piping and the service.

Othe} requirements are specified in paras. K321.3.2 and
K32314.2(b).

K321.3 Structural Attachments

KB21.3.2 Integral Attachments. Paragraph 321.3.2
applies, but substitute “K321.1.4(e)” for “321.1.4(e)” and
“Chalpter IX” for “Chapter V.”

PART 6
SYSTEMS

K322 SPECIFIC PIPING SYSTEMS

K322.3 Instrument Piping

K322.3.1 Definition. JInstrument piping within the
scop¢ of this Chapter tincludes all piping and piping
components used tg connect instruments to high pres-
sure [piping or equipment. Instruments, permanently
sealef fluid-filled*tubing systems furnished with instru-
ments as temperature- or pressure-responsive devices,
and dontrol piping for air or hydraulically operated con-
trol dpparatus (not connected directly to the high pres-

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 con-
form to the following:

(a) The cumulative capacity of the pressure-relieving
devices shall be sufficient to prevent the pressure from
rlsmg more than 10% above the plpmg de51gr1 pressure

eTetieving condi-
tion for a smgle rehevmg device or more thanll6% above
the design pressure when more than one\device is pro-
vided, except as provided in (c) below.

(b) System protection must inglude one relfef device
set at or below the design pressure at the pperating
temperature for the relieving‘¢ondition, with po device
set to operate at a pressuesgreater than 105% of the
design pressure, except as provided in (c) below.

(c) Supplementaty.pressure-relieving deyices pro-
vided for protection against overpressure duq to fire or
other unexpegeted-sources of external heat shall be set
to operate at\a pressure not greater than 110% of the
design presstire of the piping system and shalll be capa-
ble of limiting the maximum pressure during relief to
no mere than 121% of the design pressure.

PART 7
MATERIALS

K323 GENERAL REQUIREMENTS

(a) Paragraph K323 states limitations and| required
qualifications for materials based on their inhetent prop-
erties. Their use is also subject to requirements ¢lsewhere
in Chapter IX and in Table K-1.

(b) Specific attention should be given to thefmanufac-
turing process to ensure uniformity of pfoperties
throughout each piping component.

(c) See para. K321.1.4 for support material.

K323.1 Materials and Specifications

K323.1.1 Listed Materials
(1) Any material used in a pressure-containing piping
component shall conform to a listed specificatipn, except
as provided in (b) below or in para. K323.1.2

sure piping of equipment) are Not within the scope of
this Chapter.

K322.3.2 Requirements. Instrument piping within
the scope of this Chapter shall be in accordance with
para. 322.3.2 except that the design pressure and temper-
ature shall be determined in accordance with para. K301,
and the requirements of para. K310 shall apply. Instru-
ments, and control piping not within the scope of this
Chapter, shall be designed in accordance with
para. 322.3.

\/Z//\ }V’Iatclialb ulauufq\.tulcd to Dl./cx_iﬁ\_atiuu editions
different from those listed in Appendix E may be used,
provided

(1) the requirements for chemical composition and
heat-treatment condition in the edition of the specifica-
tion to which the material was manufactured meet the
requirements of the listed edition

(2) the specified minimum tensile and yield
strengths, and, if applicable, the specified maximum ten-
sile and yield strengths, required by the two editions of
the specification are the same, and
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(3) the material has been tested and examined in
accordance with the requirements of the listed edition
of the specification

A material that does not meet the requirements of
paras. K323.1.1(b)(1), (2), and (3) may be evaluated as
an unlisted 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 speci-

K323.2.2 Lower Temperature Limits, Listed Materials

(a) The lowest permitted service temperature for a
component or weld shall be the impact test temperature
determined in accordance with para. K323.3.4(a), except
as provided in (b) or (c) below.

(b) For a component or weld subjected to a longitudi-
nal or circumferential stress < 41 MPa (6 ksi), the lowest
service temperature shall be the lower of —46°C (-50°F)
or the impact test temperature determined in

fication cavering chemistry, physical and mechanical
properties, method and process of manufacture, heat
treatment, and quality control, and otherwise meets the
requirempnts of this Chapter. Allowable stresses shall be
determinpd in accordance with the applicable allowable
stress basgjis of this Chapter or a more conservative basis.

K323.1.3 Unknown Materials. Materials of
unknowr] specification, type, or grade are not permitted.

K323.1.4 Reclaimed Materials. Reclaimed pipe and
other piping components may be used provided they
are propdrly identified as conforming to a listed specifi-
cation, hgve documented service history for the material
and fatigue life evaluation, and otherwise meet the
requirements of this Chapter. Sufficient cleaning and
inspectiop shall be made to determine minimum wall
thickness|and freedom from defects that would be unac-
ceptable |n the intended service.

K323.1.5 Product Analysis. Conformance of materi-
als to the|product analysis chemical requirements of the
applicablp specification shall be verified, and certificaz
tion shalllbe supplied. Requirements for product analysis
are defingd 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) Th¢ welding procedufe and welders or welding
are qualified asYequired by para. K328.2.

(c) The repair and its,examination are performed in

‘accordange with the-material specification and with the
:owner’s gpproval:

?;K323.2 Temperature Limitations

para. K32334@): IL

(c) For materials exempted from Charpy testing by
Note (6) of Table K323.3.1, the service température|shall
not be lower than —46°C (-50°F).

K323.2.3 Temperature Limits, Unlisted Materials.
An unlisted material acceptable(tmder para. K323.1.2
shall be qualified for service at all temperatures within
a stated range from design.mihimum temperatyre to
design (maximum) tempefature, in accordance|with
para. K323.2.4. Howeyery the upper temperature|limit
shall be less than the temiperature for which an alloyable
stress, determined<in accordance with para. 302.3.2, is
governed by the.creep or stress rupture provisigns of
that paragraph:

K323.2.4 Verification of Serviceability

(a)When an unlisted material is used, or when ¢ther-
wise ‘required by Appendix K, Table K-1, Note (9), the
designer is responsible for demonstrating the validity
of the allowable stresses and other design limits, and of
the approach taken in using the material, includirlg the
derivation of stress data and the establishment of| tem-
perature limits.

(b) Paragraph 323.2.4(b) applies except that alloyable
stress values shall be determined in accordance|with
para. K302.3.

K323.3 Impact Testing Methods and Acceptance
Criteria

K323.3.1 General. Except as provided in
Table K323.3.1, Note (6), piping components uspd in
High Pressure Fluid Service shall be subjected to Charpy
V-notch impact testing. The testing shall be perf%:med
in accordance with Table K323.3.1 on represenfative
samples using the testing methods describ¢d in
paras. K323.3.2, K323.3.3, and K323.3.4. Acceptande cri-

nnnnnn K222 2 &
geoen

fazia o dacomlbad
e aare-— G esCHoea

The designer shall verify that materials that meet other
requirements of this Chapter are suitable for service
throughout the operating temperature range. Attention
is directed to Note (4) in Appendix K, and para. K323.2.1
following.

K323.2.1 Upper Temperature Limits, Listed
Materials. A listed material shall not be used at a tem-
perature above the maximum for which a stress value
is shown in Appendix K, Table K-1, except as provided
in Note (9) of that table.
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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 made using
standard 10 mm (0.394 in.) square cross section Charpy
V-notch specimen bars oriented in the transverse
direction.

(b) Where component size and/or shape does not per-
mit specimens as specified in (a) above, standard 10 mm
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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 Materials

Number of tests

As required by the material specification, or one test set per lot [see Note (1)], whichever is greater, except as

permitted by Note (2).

Location and
orientation
of specimens

(@) Transverse to the longitudinal

(a) Transverse to the direction of

(@) Bolts <52 mm (2 in.) nominal
size made in accordance with

axis, with notch parallel to
axis. [See Note (4).]

maximum elongation during
rolling or to direction of

ASTM A 320 shall meet the

[see Note (3)]

(b) Where component size and/

major working during forging.
Notch shall be oriented paral-
lel to direction of maximum ()
elongation or major working.
If there is no single identifi-
able axis, e.g., for castings or
triaxial forgings, specimens
shall either meet the longitu-
dinal values of Table
K323.3.5, or three sets of
orthogonal specimens shall
be prepared, and the lewest
impact values obtained‘from
any set shall meetithe trans-
verse values of\able

K323.3.5.

() Where comipoenent size and/
or shapé does not permit
specimens as specified in (a)
or(b) above, paras.
K323.3.3(c) and (d) apply as
needed.

impact requirement
specification.

For all othef bolts,

specimens shall be
impact values obta
meet\the transversg
Table K323.3.5.

or shape does not permit
specimens as specified in (a)
above, paras. K323.3.3(b),
(©), and (d) apply as needed. (b

=

5 of that

ongitudinal
taken. The
ned shall
values of

Tests on Welds in Fabrication or Assembly

Test pieces
[see Note (5)]

Test pieces for preparation of impact'specimens shall be made for each welding procedure, type of]

or filler metal (i.e., AWS E-XXXX-Classification) and each flux to be used. All test pieces shall be {

electrode,
ubject to

heat treatment, including-coeling rates and aggregate time at temperature or temperatures, esseftially the
same as the heat tredattent which the finished component will have received.
Number of test (1) One test piece witha thickness T for each range of material thicknesses which can vary from AT to T +

pieces [see
Note (6)]

(2) Unless othrerwise specified in this Chapter [see Note (4)] or the engineering design, test pieces

6 mm (Y, in )

be made from individual material lots, or from material for each job, provided welds in other cg
materiat-of the same thickness ranges and to the same specification (type and grade, not heat
haye-been tested as required and the records of those tests are made available.

need not
rtified
or lot)

Location and
orientation
of specimens

@) ‘Weld metal impact specimens shall be taken across the weld with the notch in the weld metal.

(2) Heat affected zone impact specimens shall be taken across the weld and have sufficient length

(3) The impact values obtained from both the weld metal and heat affected zone specimens shall

men shall be oriented so that the notch axis is normal to the surface of the material and one f;
specimen shall be within 1.5 mm (Y in.) of the surface of the material.

the notch in the heat affected zone, after etching. The notch shall be cut approximately normal
material surface in such a manner as to include as much heat affected zone material as possib
resulting fracture.

Each speci-
hce of the

to locate
to the

le in the

pe com-

pared to the transverse values in Table K323.3.5 for the determination of acceptance criteria.

Copyright ASME International

Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

131

Licensee=Methanex Corp/5975064001
Not for Resale, 06/16/2015 06:19:47 MDT



https://asmenormdoc.com/api2/?name=ASME B31.3 2014.pdf

ASME B31.3-2014

Table K323.3.1

Impact Testing Requirements (Cont’d)

NOTES:

(1) A lot shall consist of pipe or components of the same nominal size, made from the same heat of material, and heat treated together. If
a continuous type furnace is used, pipe or components may be considered to have been heat treated together if they are processed
during a single continuous time period at the same furnace conditions.

(2) 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).

(3) 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.

(4) For lon HI H 1l ldadl H H ball L ol £ +lo L ol 1ol ol il I s ££ tacl
itdtraty-wetdedpipespecimens—shattbe-takenfrom-thebasemetat-wetdmetahand-theheataffected—zone:

(5) For welfls in the fabrication or assembly of piping or components, including repair welds.

(6) The test piece shall be large enough to permit preparing the number of specimens required by para. K323.3. If this is not-possib

additiopal test pieces shall be prepared.

7.5 mm (0.30 in.)

Fig. K323.3.3 Example of an Acceptable
Impact Test Specimen

o

Note (1)

GENERAL NOTE:

This Figure illustrates how an acceptable transverse

~
\\
)
2.5 mm (0.10in.)

=

4

Charpy specimen can be obtained from a tubing or component shape

too small for a full length standard specimen in accordance with

ASTM"A370. The corners of a longitudinal specimen parallel to and

on the side opposite the notch may be as shown.

NOTE:

(1) Corners of the Charpy specimen [see para. K323.3.3(d)] may
follow the contour of the component within the dimension

limits shown.

square cfoss-section longitudinal Charpy specimens
may be prepared.
(c) Whieré component size and /or shape does not per-

(a) Charpy impact tests shall be conducted at a tem-
perature no higher than the lower of the following:
(1) 20°C (70°F)

mit specimens as specified in (a) or (b) above, subsize
longitudinal Charpy specimens may be prepared. Test
temperature shall be reduced in accordance with
Table 323.3.4. See also Table K323.3.1, Note (6).

(d) If necessary in (a), (b), or (c) above, corners of
specimens parallel to and on the side opposite the notch
may be as shown in Fig. K323.3.3.

K323.3.4 Test Temperatures. For all Charpy impact
tests, the test temperature criteria in (a) or (b) below
shall be observed.
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(2) the lowest metal temperature at which a piping
component or weld will be subjected to a stress greater
than 41 MPa (6 ksi). In specifying the lowest metal tem-
perature, the following shall be considered:

(a) range of operating conditions
(b) upset conditions
(c) ambient temperature extremes
(d) required leak test temperature
(b) Where the largest possible test specimen has a
width along the notch less than the lesser of 80% of the
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Table K323.3.5 Minimum Required Charpy V-Notch Impact Values

Energy, ) (ft-1bf) [Note (2)]

Specified Minimum Yield

Pipe Wall No. of .
Specimen or Component Specimens Strength, MPa (ksi)
Orientation Thickness, mm (in.) [Note (1)] <932 (<135) > 932 (> 135)
Transverse <25(1) Average for 3 27 (20) 34 (25)
Minimum for 1 20 (15) 27 (20)
75 and < 51 Average for 3 34 (25) 7T (30)
>1and<?2) Minimum for 1 27 (20) 33 (24)
>51(2) Average for 3 41 (30) 47 (35)
Minimum for 1 33 (24) 38 (28)
Longitudinal <25 (1) Average for 3 54 (40) 68 (50)
Minimum for 1 41 (30) 54 (40)
> 25 and <51 Average for 3 68 (50) 81 (60)
>1and<?2) 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.).

matefial thickness or 8 mm (0.315 in.), the test shall be
condlucted at a reduced temperature in accordance with
Tablg 323.3.4, considering the temperature. as.reduced
beloy the test temperature required by (a) above.

K323.3.5 Acceptance Criteria

(a)] Minimum Energy Requirements’for Materials Other
Than|Bolting. The applicable minimum impact energy
requjrements for materials(shall be those shown in
Tabld K323.3.5. Lateral expansion shall be measured in
accotdance with ASTM+A370 (for title see para. 323.3.2).
The fesults shall be/included in the impact test report.

(b)| Minimum Eiergy Requirements for Bolting Materials.
The applicablesminimum energy requirements shall be
thosq showninr Table K323.3.5 except as provided in
Tablg K323:3:1.

(c)| Weld'Impact Test Requirements. Where two base

single specimen, a retest of three additional gpecimens
shall be made. The value for each of these refest speci-
mens shall equal or exceed the required avergge value.

(2) Retest for Erratic Test Results. When hn erratic
result is caused by a defective specimen or umcertainty
in the test, a retest will be allowed. The report giving test
results shall specifically state why the original[specimen
was considered defective or which step of the flest proce-
dure was carried out incorrectly.

K323.4 Requirements for Materials

K323.4.1 General. Requirements in para. K323.4
apply to pressure-containing parts, not to materials used
as supports, gaskets, packing, or bolting|See also
Appendix F, para. F323.4.

K323.4.2 Specific Requirements

metatsHavingdifferent required-impactenergy vattes
are joined by welding, the impact test energy require-
ments shall equal or exceed the requirements of the base
material having the lower required impact energy.
(d) Retests

(1) Retest for Absorbed Energy Criteria. When the
average value of the three specimens equals or exceeds
the minimum value permitted for a single specimen,
and the value for more than one specimen is below
the required average value, or when the value for one
specimen is below the minimum value permitted for a

(a) Ductile iron and other cast irons are not permitted.

(b) Zinc-coated materials are not permitted for pres-
sure containing components and may not be attached
to pressure-containing components by welding.

K323.4.3 Metallic Clad and Lined Materials. Materi-
als with metallic cladding or lining may be used in
accordance with the following provisions:

(a) For metallic clad or lined piping components, the
base metal shall be an acceptable material as defined in
para. K323, and the thickness used in pressure design
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in accordance with para. K304 shall not include the thick-
ness 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.

(b) Fabrication by welding of clad or lined piping
components and the inspection and testing of such com-

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
specifications shall be used only in the context of the
listed documents in which they appear.

The design, materials, fabrication, assembly, examina-
tion, inspection, and testing requirements of this
Chapter are not applicable to components manufactured

ponents siratibedome i accordarce withr appticable
provisions of the BPV Code, Section VIII, Division 1,
UCL-30 through UCL-52, and the provisions of this
Chapter.

(c) If ajmetallic liner also serves as a gasket or as part
of the flajpge facing, the requirements and limitations in
para. K3(8.4 apply.

K323.5 Deterioration of Materials in Service

Paragrdph 323.5 applies.

K325 MISCELLANEOUS MATERIALS

Paragrdph 325 applies.

PART 8
NDARDS FOR PIPING COMPONENTS

EQUIREMENTS FOR COMPONENTS

imensional Requirements

ST
K326
K326.1

K326.1.1 Listed Piping Components. Dimensional
standards for piping components are listed in
Table K3p6.1. Dimensional requirements contained in
specificatiions listed in Appendix K shall-alse be consid-
ered reqyirements of this Code.

K326.1.2 Unlisted Piping Components. Piping com-
ponents 1ot listed in Table K326.1 0r Appendix K shall
meet the| pressure design réquirements described in
para. K30R.2.3 and the mechanical strength requirements
described in para. K303;

K326.1.3 Threads: The dimensions of piping con-
nection threads moét otherwise covered by a governing
componeht standard or specification shall conform to
the requjréments of applicable standards listed in

K326.2 Ratings of Components

K326.2.1 Listed Components. The pressure-
temperature ratings of components listed in Table K326.1
are accepted for pressure design in accordance with
para. K303.

K326.2.2 Unlisted Components. The pressure-
temperature ratings of unlisted piping components shall
conform to the applicable provisions of para. K304.
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in accordance with the documents listed in Table KB26.1,
unless specifically stated in this Chapter or in'the Jisted
document.

K326.4 Repair of Piping Components by Welding

in an
D.3(a)
f the

A defect in a component listed inyTable K326.1 or]
unlisted component in accordance with para. K302,
may be repaired by weldingj\provided that all
following criteria are mett

(a) The component, specification provides for
repair.

(b) The welding/procedure and welders or welding
operators are qualified as required by para. K328|2.

(c) The repdir and its examination are performed in
accordance'\Wwith the component specification and| with
the owner’s approval.

weld

PART 9
FABRICATION, ASSEMBLY, AND ERECTION

K327 GENERAL

Piping materials and components are prepared for
assembly and erection by one or more of the fabridation
processes covered in paras. K328, K330, K331, K333, and
K333. When any of these processes is used in assgmbly
or erection, requirements are the same as for fabrication.

K328 WELDING

Welding that conforms to the requiremenits of
para. K328 may be used in accordance with para. K311.

K328.1 Welding Responsibility

Each employer is responsible for the welding dohe by
the personnel of his organization and shall conduft the
tests required to qualify welding procedures, and to

operators.

K328.2 Welding Qualifications

K328.2.1 Qualification Requirements. Qualification
of the welding procedures to be used and of the perform-
ance of welders and welding operators shall comply
with the requirements of the BPV Code, Section IX,
except as modified herein.

(a) Impact tests shall be performed for all procedure
qualifications in accordance with para. K323.3.
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Table K326.1 Component Standards

Standard or Specification Designation
Bolting
Square and Hex Bolts and Screws, Inch Series; Including Hex Cap Screws and Lag Screws. . . . . ... ....... ASME B18.2.1
Square and Hex Nuts (Inch Series) . . . . . . . . i i i e e e e e e e e e ASME B18.2.2
Metallic Fittings, Valves, and Flanges
Pipe Hanges and Flanged Fittings [Note (1)]. . . . . . . . . o i i i e e e e e e SME B16.5
Factorj-Made Wrought Steel Buttwelding Fittings [Note (1)] . . . . . . . . . o i i i i i i e e e e e e e e SME B16.9
Forged Fittings, Socket Welding and Threaded [Note (1)] . . . . . . . . . . o i i i i i i e e e et e et A$ME B16.11
Valved—Flanged, Threaded, and Welding End [Note (1)]. . . . . . . . . . 0 i i i i i i i it i e e e e e iee b A$ME B16.34
Line Bllanks [Note (1)] . . . . o v i e e e e e e e e e e e e e A$ME B16.48
Standard Marking System for Valves, Fittings, Flanges, and Unions . . . . . . . .. . ... ... ... m . MSS SP-25
High Rressure Chemical Industry Flanges and Threaded Stubs for Use with Lens Gaskets. . . . . . ... .. %/, .. MSS SP-65
Metallic Pipe and Tubes
Welde[d and Seamless Wrought Steel Pipe [Note (1)] . . . . . . . . . . oo it X o ASME B36.10M
Stainlgss Steel Pipe [Note (1)] . . . . . o i v i it e e e N ASME B36.19M
Miscellaneous
Threading, Gauging, and Thread Inspection of Casing, Tubing, and Line Pipe Thfeads . . . . . ... ... ... .... API 5B
Unifiefl Inch Screw Threads (UN and UNR Thread Form) . . . . . . . o i i o v v v e et e et e e e e et ASME B1.1
Pipe Threads, General Purpose (Inch) . . . ... ... ... . . . N ASME B1.20.1
Metalljc Gaskets for Pipe Flanges. . . . . . . . . o o i i i e e A$ME B16.20
Buttwelding Ends . . . . . . o e e e e (P e e e e e e e e e e e e e A$ME B16.25
Surfage Texture (Surface Roughness, Waviness, and Lay). . . . .\ . . . . . o o e SME B46.1

GENERAL NOTE:

NOTE:

It is not practical to refer to a specific edition of each standard throughout the Code text. Instead, the apprqved edition
references, along with the names and addresses of the(sponsoring organizations, are shown in Appendix E.

(1) THe use of components made in accordance with these standards is permissible provided they meet all of the requirements|of this

Chapter.

(b)| Test weldments shall beimade using the same spec-
ificatjon and type or grade of base metal(s), and the
same specification and-\classification of filler metal(s) as
will be used in production welding.

(c)| Test weldments shall be subjected to essentially
the same heaf treatment, including cooling rate and
cumplativetime at temperature, as the production
welds.

(f) Qualification on pipe or tubing shall al$o qualify
for plate, but qualification on plate does not dualify for
pipe or tubing.

(g) For thickness 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 Other$. Quali-
fication of welding procedures by othefs is not

(d)Wtrernmrtensite specimens are Tequired by
Section IX, the yield strength shall also be determined,
using the method required for the base metal. The yield
strength of each test specimen shall be not less than the
specified minimum yield strength at room temperature
(Sy) for the base metals joined. Where two base metals
having different Sy values are joined by welding, the
yield strength of each test specimen shall be not less
than the lower of the two Sy values.

(e) Mechanical testing is required for all performance
qualification tests.

permitted.

K328.2.3 Performance Qualification by Others.
Welding performance qualification by others is not
permitted.

K328.2.4 Qualification Records. Paragraph 328.2.4
applies.
K328.3 Materials

K328.3.1 Filler Metal. Filler metal shall be specified
in the engineering design and shall conform to the
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requirements of the BPV Code, Section IX. A filler metal
not yet incorporated in Section IX may be used with
the owner’s approval if a procedure qualification test,
including an all-weld-metal test, is first successfully
made.

K328.3.2 Weld Backing Material. Backing rings
shall not be used.

K328.3.3 Consumable Inserts. Paragraph 328.3.3

listed in Table K-1 or Table K326.1) shall conform to the
requirements of para. K328.4.3(a).
(c) Branch Connection Welds

(1) The dimension m in Fig. K328.5.4 shall not
exceed +1.5 mm (¥, in.).

(2) The dimension g in Fig. K328.5.4 shall be speci-
fied in the engineering design and the welding
procedure.

applies, gxceptthatprocedures siatt be quatifiedas
required py para. K328.2.

K328.4 Preparation for Welding
K328.

K328.41.2 End Preparation
(a) Gereral

(1) Butt weld end preparation is acceptable only if
the surfage is machined or ground to bright metal.

(2) Butt welding end preparation contained in
ASME B16.25 or any other end preparation that meets
the procgdure qualification is acceptable. [For conve-
nience, the basic bevel angles taken from B16.25, with
some additional J-bevel angles, are shown in Fig. 328.4.2

.1 Cleaning. Paragraph 328.4.1 applies.

K328.5 Welding Requirements

K328.5.1 General. The requirements of plaras.
328.5.1(b), (d), (e), and (f) apply in addition tp the
requirements specified below.

(a) All welds, including tack welds)repair weldg, and
the addition 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 accorglance
with a qualified procedtire:

(b) Tack welds at the root of the joint shall be
with filler metal €quivalent to that used for thg root
pass. Tack welds shall be fused with the root pass fveld,
except that .theése that have cracked shall be rempved.
Bridge tacks-(above the root) shall be removed.

made

sketches [a) and (b).]
(b) Cir¢umferential Welds K328.5.2 Fillet Welds. Fillet welds, where permpitted
(1) If components ends are trimmed as shown in  (see para. K311.2.2), shall be fused with and shall erge

Fig. 328.42 sketch (a) or (b) to accommodate consumable
inserts, of as shown in Fig. K328.4.3 to correct internal
misaligninent, such trimming shall not result in a fine
ished wall thickness before welding less than the
required minimum wall thickness, t,,.

(2) It is permissible to size pipe ends of (the same
nominal pize to improve alignment, if wall .thickness
requiremgnts are maintained.

(3) Where necessary, weld metalmay be deposited
on the irjside or outside of the component to permit
alignmen}t or provide for machining to ensure satisfac-
tory seating of inserts.

(4) When a butt weldqoins sections of unequal wall
thickness| and the thicker~wall is more than 1% times
the thickness of the other, end preparation and geometry
shall be [in accordance with acceptable designs for
unequal Wall thickness in ASME B16.5.

K328.
(a) Gir

.3 Alignment

LoDt TAT 1]
o DUuLL vvelius

smoothly into the component surfaces.
K328.5.3 Seal Welds. Seal welds are not permiitted.

K328.5.4 Welded Branch Connections. Branch con-
nection fittings (see para. 300.2), attached by smqothly
contoured full penetration groove welds of a desigh that
permits 100% interpretable radiographic examirfation
are the only types acceptable.

Figure K328.5.4 shows acceptable details of welded
branch connections. The illustrations are typical ar|d are
not intended to exclude acceptable types of constriction
not shown.

K328.5.5 Fabricated Laps. Fabricated laps ate not
permitted.

K328.6 Weld Repair
Paragraph 328.6 applies, except that procedure$ and

(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 (46 in.) misalignment
is permitted as shown in Fig. K328.4.3.

(2) If the external surfaces of the two components
are not aligned, the weld shall be tapered between the
two surfaces with a slope not steeper than 1:4.

(b) Longitudinal Butt Joints. Preparation for longitudi-
nal butt welds (not made in accordance with a standard
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para. K328.2.1. See also para. K341.3.3.

K330 PREHEATING

K330.1 General

Paragraph 330.1 applies, except that seal welds are not
permitted in this Chapter.

K330.1.1 Requirements. Paragraph 330.1.1 applies.

(14)
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Fig. K328.4.3 Pipe Bored for Alignment: Trimming and Permitted Misalignment

l\h
>

2ty

26 mm (Y, in.) —>-i

iﬁ

i

K330.1.2{Unlisted Materials. Paragraph 330.1.2
applies.

K330.1.3 Temperature Verification. Paragraph

Fig. K328.5.4 Some Acceptable Welded Branch Connections Suitable for 100%-Radiography

e ¥
mMuunyg cuttict
Permitted misalignment j
< 1.5 mm (V4gin.). See WPS. <30deg

K331.1 General

K331.1.1 Heat Treatment Requirements. The provi-
sions of para. 331 and Table 331.1.1 apply, fexcept as

330.1.3(ayapplies. lemperature-indicating materials and
techniques shall not be detrimental to the base 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

The text introducing para. 331 applies.

bPCLifiUL‘l LCIUW.

(a) Heat treatment is required for all thicknesses of
P-Nos. 4 and 5 materials.

(b) For welds other than longitudinal in quenched
and tempered materials, when heat treatment is required
by the engineering design, the temperature shall not be
higher than 28°C (50°F) below the tempering tempera-
ture of the material.

(c) Longitudinal welds in quenched and tempered
material shall be heat treated in accordance with the
applicable material specification.
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K331.1.3 Governing Thickness. When components
are joined by welding, the thickness to be used in
applying the heat treatment provisions of Table 331.1.1
shall be that of the thicker component measured at the
joint, except as follows:

In the case of fillet welds used for attachment of exter-
nal nonpressure parts, such as lugs or other pipe-
supporting elements, heat treatment is required when
the thickness through the weld and base metal in any

(d) method of heating and maximum hold time

(e) description of bending apparatus and procedure
to be used

(f) mandrels or material and procedure used to fill
the bore

(¢) method for protection of thread and machined
surfaces

(h) examination to be performed

(i) required heat treatment

plane is grore-tharr twice the Trinimrom matertat-thick=
ness requjring heat treatment (even though the thickness
of the corhponents at the joint is less than that minimum
thickness) except as follows:

(a) nof required for P-No. 1 materials when weld
throat thickness is 16 mm (% in.) or less, regardless of
base metal thickness.

(b) not|required for P-Nos. 3, 4, 5, 10A, and 10B mate-
rials wheh weld throat thickness is 6 mm (% in.) or less,
regardlesp of base metal thickness, provided that not
less than the recommended minimum preheat is applied
and the specified minimum tensile strength of the base
metal is less than 490 MPa (71 ksi).

(c) not|required for ferritic materials when welds are
made with filler metal that does not air harden. Austen-
itic welding materials may be used for welds to ferritic
materials| when the effects of service conditions, such
as differgntial thermal expansion due to elevated tem-

perature} or corrosion, will not adversely affect the
weldment.

K331.1.4 Heating and Cooling. Paragraph 331.1:4
applies.

K331.1.6 Temperature Verification. Heat {reatment
temperatjire shall be checked by thermocouple pyrome-
ters or ofher suitable methods to ensuréithat the WPS
requirempnts are met. Temperature-indicating materials
and techhiques shall not be detrimental to the base
metals.

K331
applies.

1.7 Hardness Tests. Paragraph 331.1.7

K331.2 $pecific Requirements

Paragrdph 331.2/4pplies in its entirety.

K332 HENDING AND FORMING

(1) postheat treatment dimensional adjustinent

technique

K332.2 Bending

K332.2.1 Bend Flattening. The difference beffjween
the maximum and the minimum diameters at any|cross
section of a bend shall not exceed 8% of nominal oytside
diameter for internal pressure and 3% for extprnal
pressure.

K332.2.2 Bending Temperature. Paragraph 3§2.2.2
applies, except that in’ cold bending of quenched and
tempered ferritic-thaterials, the temperature shall|be at
least 28°C (507F)*below the tempering temperatufe.

K332.3 Eorming

Pipirigicomponents shall be formed in accordancg with
a whitten procedure. The temperature range shgll be
consistent with material characteristics, end use, and
Specified heat treatment. The thickness after fogming
shall be not less than required by design. The procgdure
shall address at least the following, as applicable

(a) material specification and range of sizg
thickness

(b) maximum fiber elongation expected diiring
forming

(c) minimum and maximum metal temperature
ing bending

(d) method of heating and maximum hold timge

(e) description of forming apparatus and procg¢dure
to be used

(f) materials and procedures used to provide int
support during forming

(g) examination to be performed

(h) required heat treatment

and

dur-

ernal

K332.4 Required Heat Treatment

K332.1 General

Pipe shall be hot or cold bent in accordance with a
written procedure to any radius that will result in sur-
faces 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
thickness

(b) range of bend radii and fiber elongation

(c) minimum and maximum metal temperature dur-

ing bending
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K332.4.1 HotBending and Forming. After hotbend-
ing and forming, heat treatment is required for all thick-
nesses of P-Nos. 3, 4, 5, 6, 10A, and 10B materials that
are not quenched and tempered. Times and tempera-
tures shall be in accordance with para. 331. Quenched
and tempered materials shall be reheat treated to the
original material specification.

K332.4.2 Cold Bending and Forming
(a) After cold bending and forming, heat treatment
in accordance with (b) below is required, regardless of
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thickness, when specified in the engineering design or
when the maximum calculated fiber elongation exceeds
5% strain or 50% of the basic minimum specified longitu-
dinal elongation for the applicable specification, grade,
and thickness for P-Nos. 1 through 6 materials (unless
it has been demonstrated that the selection of the pipe
and the procedure for making the components provide
assurance that the most severely formed portion of the
material has retained an elongation of not less than 10%).

(b) i f f
and shall conform to the temperatures and durations
given in Table 331.1.1, except that for quenched and
tempjered 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

Brgzing shall be in accordance with para. 333. The
owner shall specify examination requirements for
brazed joints.

K335 ASSEMBLY AND ERECTION

K335.1 General
Patagraph 335.1 applies.

K335.2 Flanged Joints

Pajjagraph 335.2 applies, except that bolts shall extend
completely through their nuts.

K335.3 Threaded Joints

Paiffagraph 335.3 applies, except that threaded joints
shall|not be seal welded.

K334.4 Special Joints

Spe¢cial joints (as definled in para. K318) shall be
installed and assembled\in' accordance with the manu-
factufer’s instructions;as modified by the engineering
design. Care shall-be taken to ensure full engagement
of joint members:

K334.5 Cleaning of Piping

Sed Appendix F, para. F335.9.

K341.3 Examination Requirements

K341.3.1 General. Prior to initial operation, each
piping installation, including components and work-
manship, shall be examined in accordance with
para. K341.4 and the engineering design. If heat treat-
ment is performed, examination shall be conducted after
its completion.

e criteria
shall be as stated in the engineering designlarfd shall at
least meet the applicable requirements stated jn (a) and
(b) below, and elsewhere in this Chapter

(a) Table K341.3.2 states acceptance criteria [(limits on
imperfections) for welds. See Fig:.341.3.2 for typical weld
imperfections.

(b) Acceptance criteria for castings are specified in
para. K302.3.3.

K341.3.3 Defective Components and Workmanship.
Defects (imperfections of a type or magnjtude not
acceptable by the criteria specified in para.|K341.3.2)
shall be répaited, or the defective item or work shall be
replaced:

Examination shall be as follows:

(@) When the defective item or work is repaired, the
repaired portion of the item or work shall be gxamined.
The examination shall use the same methods and accept-
ance criteria employed for the original examination. See
also para. K341.3.1(a).

(b) When the defective item or work is replaced, the
new item or work used to replace the defectiye item or
work shall be examined. The examination shafl use any
method and applicable acceptance criteria thaf meet the
requirements for the original examination| See also
para. K341.3.1(a).

K341.4 Extent of Required Examination

Piping shall be examined to the extent speciffed herein
or to any greater extent specified in the enlgineering
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:

PART 10
INSPECTION, EXAMINATION, AND TESTING

K340 INSPECTION
Paragraphs 340.1 through 340.4 apply.

K341 EXAMINATION
Paragraphs 341.1 and 341.2 apply.
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(1) Materials and Components. 100%.

(2) Fabrication. 100%.

(3) Threaded, Bolted, and Other Joints. 100%.

(4) Piping Erection. All piping erection shall be
examined 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 accom-
modated without undue binding or unanticipated
constraint.
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(14) Table K341.3.2 Acceptance Criteria for Welds

Criteria (A—E) for Types of Welds, and for Required Examination Methods [Note (1)]

Type of Weld

Methods Longitudinal Branch
Type of Ultrasonics or Girth Groove Fillet Connection
Imperfection Visual Radiography Groove [Note (2)] [Note (3)] [Note (4)]
Crack X X A A A A
Lack of fusion X X A A A A
Incomplete [penetration X X A 1) )
Internal pofosity X B B NA B
Slag inclusion or elongated indication e X C C NA C
Undercutting X X A A A A\
Surface porosity or exposed slag inclusion X A A A A\
Concave ropt surface (suck-up) X X D D NA D
Surface finigh X E E E F
Reinforcement or internal protrusion X F F F F
GENERAL NPTE: X = required examination; NA = not applicable; ... = not required.
Criterion Value Notes for Table K341.3.2
Criterion
Symbol Measure Acteptable Value Limits [Note (5)]
A Extent of imperfection Zero (no_evident imperfection)
B Size and distribution of internal porosity See BRV'Code, Section VIII, Division 1, Appendix 4
C Slag inclusion or elongated indication. Indications are
unacceptable if the amplitude exceeds the reference
level, or indications have lengths that exceed _
Individual length 6 mm (Y, in) for T, < 19 mm (%, in.)
Tw /3 for 19 mm (% in) < T, < 57 mm (2 in.)
19 mm (%, in) for T,, > 57 mm (2%, in.)
Cumulative length <Tyinany 12 T, weld length
D Depth of surface concavity Wall Thickness, Depth of Surface Concavity,
Tw, mm (in.) mm (in.)
<13 (%) < 1.5 V)
>13 (%) and <51 (2) <3 (%)
> 51 (2) <4 Ch
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 reinforeement or internal protrusion [Note (6)] External Weld Reinforcement
: in any planesthrough the weld shall be within the Wall Thickness, or Internal Weld Protrusiof,
limits of thie-applicable height value in the tabula- Tw, mm (in.) mm (in.)
tion at the right. Weld metal shall be fused with and
merge smootily into the component surfaces. <13 (1/2) < 1.5 (1o)
> 13 (/) and <51 (2) <3 )
>51 () <4 Ch
NOTES:

(1) Criteria given are for required examination. More stringent criteria may be specified in the engineering design.

(2) Longitudinal welds include only those permitted in paras. K302.3.4 and K305. The criteria shall be met by all welds, including those
made in accordance with a standard listed in Table K326.1 or in Appendix K.

(3) Fillet welds include only those permitted in para. K311.2.2.

(4) Branch connection welds include only those permitted in para. K328.5.4.

(5) Where two limiting values are given, the lesser measured value governs acceptance. T, is the nominal wall thickness of the thinner of
two components joined by a butt weld.

(6) For groove welds, height is the lesser of the measurements made from the surfaces of the adjacent components. For fillet welds,
height is measured from the theoretical throat; internal protrusion does not apply. Required thickness t,, shall not include reinforce-
ment or internal protrusion.
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(b) Pressure-Containing Threads. 100% examination for
finish and fit is required. Items with visible imperfec-
tions in thread finish and/or the following defects shall
be rejected:

(1) Tapered Threads. Failure to meet gaging require-
ments in API Spec 5B or ASME B1.20.1, as applicable.

(2) Straight Threads. Excessively loose or tight fit
when gaged for light interference fit.

K341.4.2 Radiographic and Ultrasonic Examination

K344.2 Visual Examination
Paragraph 344.2 applies in its entirety.

K344.3 Magnetic Particle Examination

The method for magnetic particle examination shall
be as specified in

(a) paragraph K302.3.3(b) for castings

(b) BPV Code, Section V, Article 7 for welds and other

(a)] All girth, longitudinal, and branch connection
weldsb shall be 100% radiographically examined, except
as pgrmitted in (b) below.

(b)] When specified in the engineering design and with
the gwner’s approval, ultrasonic examination of welds
may pe substituted for radiographic examination where
T, 2|13 mm (% in.).

(c)] In-process examination (see para. 344.7) shall not
be sybstituted for radiographic or ultrasonic examina-
tion of welds.

K341.4.3 Certifications and Records.
341.4.1(c) applies.

Paragraph

K341.5 Supplementary Examination

Anly of the examination methods described in para.
K344 may be specified by the engineering design to
supplement the examination required by para. K341.4.
The pxtent of supplementary examination to be per-
formpd and any acceptance criteria that differ from those
specified in para. K341.3.2 shall be specified in the engi-
neering design.

KB41.5.1 Hardness Tests.
applies.

Paragraph/341.5.2

K341.5.2 Examinations to Resolve.Uncertainty.
Paragraph 341.5.3 applies.

K342 EXAMINATION PERSONNEL

Pafagraph 342 applies, jexcept that personnel per-
formjng and evaluating, results of ultrasonic examina-
tion ¢f welds shall-be qualified and certified UT Level II
or II] in accordanee with ASNT SNT-TC-1A, ACCP
(ASNT Centzal Certification Program), or CP-189
(Quglification and Certification of Nondestructive
Testipg Petsonnel). Qualification of these personnel shall
also be'by written examination.

components

K344.4 Liquid Penetrant Examination

The method for liquid penetrant examination shall be
as specified in

(a) paragraph K302.3.3(b) for)castings

(b) BPV Code, Section V, Atticle 6 for welds fand other
components

K344.5 Radiographic-Examination

The method for‘tadiographic examination ghall be as
specified in

(a) paragfaph K302.3.3(c) for castings

(b) BPV.LCode, Section V, Article 2 for welds jand other
components

K3%44.6 Ultrasonic Examination

K344.6.1 Castings. The method for ultrasonic
examination of castings shall be as spefcified in
para. K302.3.3(c).

K344.6.2 Pipe and Tubing

(a) Method. Pipe and tubing, required or sglected in
accordance with Table K305.1.2 to undergo filtrasonic
examination, shall pass a 100% examination fdr longitu-
dinal defects in accordance with ASTM E213, Ultrasonic
Testing of Metal Pipe and Tubing. Longitudinal (axial)
reference notches shall be introduced on the puter and
inner surfaces of the calibration (reference) sthndard in
accordance with Fig. 3(c) of ASTM E213 to a flepth 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 rejgcted.

(c) Records. For pipe and tubing that pdsses this

K343 EXAMINATION PROCEDURES
Paragraph 343 applies. See also para. 344.6.1.

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.

examination, a report shall be prepared that contains at
least the information specified in 15.2.1 through 15.2.6
of ASTM E213.

K344.6.3 Welds. The method for ultrasonic exami-
nation of welds shall be as specified in the
ASME BPV Code, Section V, Article 4 and Section VIII,
Division 3, KE-301 and KE-302, except that

(a) Performance demonstration shall be required.

(b) The employer’s written practice for UT personnel
qualification shall meet ASNT SNT-TC-1A, ACCP, or
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CP-189. The recommended guidelines in SNT-TC-1A,
ACCP, or CP-189 shall be required.

(c) Written procedure in accordance with Section V,
T-421.1 shall be required.

(d) Procedure qualification in accordance with
Section V, T-421.1 shall be required.

K344.7 In-Process Examination
Paragraph 344.7 applies in its entirety.

K344.8 Eddy Current Examination

K344.8.1 Method. The method for eddy current
examinatjon of pipe and tubing shall follow the general
guidelines of the ASME BPV Code, Section V, Article 8§,
subject tq the following specific requirements:

(a) Cold drawn austenitic stainless steel pipe and tub-
ing, selected in accordance with Table K305.1.2 for eddy
current examination, shall pass a 100% examination for
longitudihal defects.

(b) A qalibration (reference) standard shall be pre-
pared fr¢m a representative sample. A longitudinal
(axial) reference notch shall be introduced on the inner
surface of the standard to a depth not greater than the
larger of .1 mm (0.004 in.) or 5% of specimen thickness
and a lenjgth not more than 6.4 mm (0.25 in.).

K3448.2 Acceptance Criteria. Any indication
greater than that produced by the calibration notch rep-
resents g defect; defective pipe or tubing shall be
rejected.

K34l:.“£.3 Records. For pipe and tubing that passes

this examjination, a report shall be prepared thatincludes
at least the following information:
(a) material identification by type, size;lot, heat, etc.
(b) listing of examination equipment.and accessories
(c) dethils of examination technique<(including exam-
ination speed and frequency) and-end effects, if any
(d) description of the calibration standard, including
dimensiophs of the notch, as\nieasured
(e) examination resulfs

K345 LEAK TESTING
K345.1

equired Leak Test

missile fragments, shock waves, or other consequences
of any failure that might occur in the pressurized system.

(b) In addition to the requirements of (a) above, a leak
test of the installed piping system, excluding pressure-
relieving devices to be used during operation, shall be
conducted at a pressure not less than 110% of the design
pressure to ensure tightness, except as provided in (c)
or (d) below.

devices to be used during operation may be inc
in the leak test required in (b) above. Thedeak test[pres-
sure may be reduced to prevent the operation ¢f, or
damage to, the pressure-relieving‘devices, but shalll not
be less than 90% of the low€st set pressure df the
pressure-relieving devices-inthe system.
(e) For closure welds, examination in accordancg with
para. K345.2.3(c) may:‘be substituted for the leak test
required in (a) abgye:
(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)
(8)-alternative leak test (para. 345.9)

K345.2 General Requirements for Leak Tests

Paragraphs 345.2.4 through 345.2.7 apply. See helow
for paras. K345.2.1, K345.2.2, and K345.2.3.

K345.2.1 Limitations on Pressure

(a) Through-Thickness Yielding. If the test prepsure
would produce stress (exclusive of stress intensificgtion)
in excess of S, at the outside surface of a component'
at test temperature, as determined by calculation jor by
testing in accordance with para. K304.7.2(b), the test
pressure may be reduced to the maximum pressurg 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 (c) apply.

K345.2.2 Other Test Requirements. Paragraph
345.2.2 applies. In addition, the minimum metal tethper-
ature during testing shall be not less than the impact
test temperature (see para. K323.3.4).

Prior toimitiat Upt'laliuu, Tactt Pipiug’ SystenT stattbe
leak tested.

(a) Each weld and each piping component, except
bolting and individual gaskets to be used during final
system assembly and pressure-relieving devices to be
used during operation, shall be hydrostatically or pneu-
matically leak tested in accordance with para. K345.4 or
K345.5, respectively. The organization conducting the
test shall ensure that during the required leak testing of
components and welds, adequate protection is provided
to prevent injury to people and damage to property from

K345.2.3 Special Provisions for Leak Testing. Para-
graphs K345.2.3(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).

(a) Piping Components and Subassemblies. Piping com-
ponents and subassemblies may be leak tested either
separately or as assembled piping.

10 See para. K304.1.2, footnote 4.
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(b) Flanged Joints. Flanged joints used to connect pip-
ing components that have previously been leak tested,
and flanged joints at which a blank or blind flange 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 con-
necting 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 i 6 Tadi i
exanjination in accordance with para. K341.4.2.

K345.3 Preparation for Leak Test
Pajagraph 345.3 applies in its entirety.

K345.4 Hydrostatic Leak Test

Pafagraph 345.4.1 applies. See paras. K345.4.2 and
K345(4.3 below.

K345.4.2 Test Pressure for Components and Welds.
Except as provided in para. K345.4.3, the hydrostatic
test pressure at every point in a metallic piping system
shall[be as follows:

(a)] not less than 1.25 times the design pressure.

(b)] when the design temperature is greater than the
test temperature, the minimum test pressure, at the point
under consideration, shall be calculated by eq. (38)

Pr = 1.25PS/S (38)
where
P|= internal design gage pressure
Pr|= minimum test gage pressure
S|= allowable stress at component degign-tempera-
ture for the prevalent pipe.mdterial; see
Appendix K, Table K-1
Sr|= allowable stress at test femiperature for the
prevalent pipe material; see Table K-1
(c)]in those cases where the piping system may not

include pipe itself, any, 6ther component in the piping
systejm, other than pipessupporting elements and bolt-
ing, tpay be used to-détermine the S7/S ratio based on the
applicable allowable stresses obtained from Table K-1. In
thosq cases where the piping system may be made up
of eqpivalent léngths of more than one material, the S1/S
ratio|shall’be based on the minimum calculated ratio of
the incladed materials.

K345.5 Pneumatic Leak Test

Paragraph 345.5 applies, except para. 345.5.4. See
para. K345.5.4 below.

K345.5.4 Test Pressure. The pneumatic test pres-
sure for components and welds shall be identical to
that required for the hydrostatic test in accordance with
para. K345.4.2.

Components and Welds

If a combination hydrostatic-pneumatic lepk test is
used, the requirements of para. K345:5 shall b¢ met, and
the pressure in the liquid-filled part of the piping shall
not exceed the limits stated jn para. K345.4.2

K346 RECORDS

K346.1 Responsibility

Itis the responsibility of the piping designer, the manu-
facturer, thé fabricator, and the erector, as appllicable, to
prepare, thé records required by this Chapter dnd by the
engineering design.

K346.2 Required Records

At least the following records, as applicablg, shall be
provided to the owner or the Inspector by the person
responsible for their preparation:

(a) the engineering design

(b) material certifications

(c) procedures used for fabrication, welding, heat
treatment, examination, and testing

(d) repair records of materials and piping components
listed in Table K326.1 or unlisted componentq in accor-
dance with para. K302.2.3(a), including the welding pro-
cedure used for each, and location of repairs

(e) performance qualifications for welders gnd weld-
ing operators

(f) qualifications of examination personnel

(g) records of examination of pipe and tubir
gitudinal defects as specified in paras. K344.
K344.8.3, as applicable

g for lon-
b.2(c) and

K346.3 Retention of Records

K345.4.3 Hydrostatic Test of Piping With Vessels as
a System. Paragraph 345.4.3(a) applies.
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Chapter X
High Purity Piping

(a) Ch{

U300 GENERAL STATEMENTS PART 3
FLUID SERVICE REQUIREMENTS FOR PIPIN¢
pter X pertains to piping designated by the COMPONENTS

owner as
Appendi]
(b) Thq
nations of
Code (C
Chapter \
requirem
(c) Prq
Chapter
this Chay
(d) For
requirem
(e) Hig
rules for
by the oy
(1) 1

being in High Purity Fluid Service. See also
M.
organization, content, and paragraph desig-
f this Chapter correspond to those of the base
hapters I through VI), Chapter VII, and
V111. The prefix U is used to designate Chapter X
bnts.
visions and requirements of the base Code,
VII, and Chapter VIII apply only as stated in
ter.
piping not in High Purity Fluid Service, Code
ents are found in Chapters I through IX.
1 Purity Piping. Chapter X provides alternative
design and construction of piping designated
yner as being High Purity Fluid Service.
hese rules apply only when specified by the

owner, aind only as a whole, not in part.

(2)
Pressure
(3) ¢

i piping 11
- Service.

(f) Cha

Chapte

Uusol @

Chapter X rules do not provide for High
Fluid Service.

hapter VII applies to nonmetallic piping anhd
ned with nonmetals in High Purjty Fluid

pter I applies.

PART 1
CONDITIONS AND-CRITERIA

[ 11, Part 1 applies. See para. U301.3.2(b)(5).

ESIGN'CONDITIONS

Uu301.3

Design Temperature

Chapter II, Part 3 applies. See paras. U306.6, U
and U308.

U306 FITTINGS, BENDS, MITERS, LAPS, AND
BRANCH CONNECTIONS

U306.6 Tube Fittings
(a) Tube fittings-not listed in Table 326

807.3,

1 or

Appendix A shall'meet the pressure design requireinents

described in pard. 302.2.3 and the mechanical str
requirements.described in para. 303.

(b) Compression-type tube fittings may be us
accordanice with para. U315.2 provided that the ty
fitting' selected complies with the following;:

(1) The gripping action of the fitting shall pr
vibration resistance as demonstrated by exhibit
stress intensity factor equal to or less than 1.5.

(2) Intermixing of components from different
ufacturers is permitted only when specified in the
neering design.

ength

ed in
pe of

bvide
ng a

man-
engi-

(c) Face seal or hygienic clamped-type fittinjgs in

which the tightness of the joint is provided by a se
surface other than the threads (e.g., a metal fac
fitting comprising internal and external threaded
ponents, glands, and gasket or other construc
shown typically in Fig. 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

ating
b-seal
com-
tions

alves

designed for High Purity Fluid Service that are not

isted

U301.3.2 Uninsulated Components
(b)(5) compression, face seal, and hygienic clamped
fittings and joints — 100% of the fluid temperature

PART 2

PRESSURE DESIGN OF PIPING COMPONENTS

Chapter II, Part 2 applies. See Fig. U304.5.3 for repre-

sentative
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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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Fig. U304.5.3 Blanks

(a) Hygenic Clamp-Type Fitting

PART 4
D SERVICE REQUIREMENTS FOR PIPING JOINTS

hpter II, Part 4 applies, except expanded joints,
H tube fittings, and caulked joints, described in

parag. 313, 315, and 316, respectively, are not permitted.
See paras. U311, U311.1(c), U314, and U315.

U311}

WELDED JOINTS

Patffagraph 311 applies, except for paras311.1(c). See

para,

U311.1(c).

U311.1 General

(c)

para|

- U314

: Thy
- Whe

Examination shall be “im accordance with
U341.4.1.

¢ THREADED_JOINTS

eaded joints should be avoided whenever possible.
\ threadéd joints are utilized, para. 314 applies.

U3

b FUBING JOINTS

(b) Metal’Face Seal

U315.2 Joints Conforming to Listed Standards

(c) Joints using compression, face seal,
clamp,-and automatic welding tube fittings ¢
listed standards may be used.

hygienic
vered by

U315.3 Joints Not Conforming to Listed Standards
(1) Compression-type tube fitting joints shalll be fully

gaugeable on initial installation to ensure
tightening.

(b) Safeguarding is required for face seal o1

clamped-type joints used under severe cyclic ¢

PART 5
FLEXIBILITY AND SUPPORT

Chapter II, Part 5 applies. See para. U319.3

U319 PIPING FLEXIBILITY
U319.3 Properties for Flexibility Analysis

sufficient

hygienic

nditions.

U319.3.6 Flexibility and Stress Intengification

Factors. Paragraph 319.3.6 applies; howev
components used in high-purity applicati

b1, piping
pns, e.g.,

multiport block valves, hygienic unions, crgsses, and

point-of-use and adaptor fittings, often do

not have

Paragraph 315 applies. See paras. U315.1, U315.2(c),
and U315.3.

(14)

U315.1 General

In selecting and applying compression, face seal, and
hygienic clamp-type tube fittings, the designer shall con-

sider
facto
vibra
tion.
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rs as assembly and disassembly, cyclic loading,
tion, shock, and thermal expansion and contrac-
See para. FU315.

geometries similar to those in lable D500.

PART 6
SYSTEMS

Chapter II, Part 6 applies.

PART 7
METALLIC MATERIALS

The provisions and requirements in Chapter III for
materials apply. Materials commonly used in high
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purity process piping systems include austenitic, ferritic,
and duplex stainless steels, and nickel and nickel alloys.

PART 8
STANDARDS FOR PIPING COMPONENTS

Chapter IV applies.

PART 9

shall be welded together in a square groove weld on a
butt joint.

(2) Production weld coupons may be made in
accordance with para. U328.4.4(b)(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 welding operator doing the pro-
duction welding is represented.

FAdRICATION, ASSEMBLY, AND ERECTION
U327 GENERAL

Metalli¢ piping materials and components are pre-
pared fo1 assembly and erection by one or more of the
fabricatipn processes covered in paras. U328, U330,
U331, angl U332. When any of these processes is used
in assembly or erection, requirements are the same as
for fabrichtion.

U328 WELDING

Paragrpph 328 applies, except for paras. 328.3.2,
328.5.4, and 328.5.5. See paras. U328.2.1(g) and (h),
U328.4, [U328.4.4, and U328.5.1(g) for additional
requirements.

U328.2 Welding and Brazing Qualification

U328.2.1 Qualification Requirements

(g) A dhange in the type or nominal composition of
the backihg (purge) gas shall require requalification.

(h) The¢ welding process shall be orbital GTAW, except
for tack welds. Tack welds made prior to orbital welding
may be rIanual GTAW.

U328.4

Paragrgph 328.4.1 applies. Additionally, when weld
coupon ¢xamination is specified“in the engineering
design, primary weld coupons)shall be made in accor-
dance with para. U328.4.4(b)(I) and examined in accor-
dance with para. U344.8prior to the start of production
welding. [This will demonstrate that the orbital welding
equipment is set dp properly and the weld program is
sufficient|to make.fepeatable welds in accordance with
the qualified‘welding procedure specification (WPS).

U328.5
(1) Weld coupons shall be made by qualified welding
operators using the same qualified WPS and the same
variables used for production welds.
(b) Methods
(1) Primary weld coupons shall be made from two
short sections of tubing selected from the same diameter,
wall thickness, and alloy as the material used for produc-
tion. Sections shall be of sufficient length for fit up in the
weld head allowing for attachment of inside diameter
purge apparatus outside of the weld head. The sections

reparation for Welding

U328.5 Welding Requirements

U328.5.1 General

(¢) Tack welds shall be fully consumed atter comple-
tion of the weld. Tack welds shall be made by a qualified
welder or welding operator.

U330 PREHEATING
Paragraph 330 applies.

U331 HEAT TREATMENT
Paragraph 331 applies.

U332 BENDING AND FORMING
Paragraph 332 applies in its entirety.

U333 BRAZING AND SOLDERING

Brazing and soldering are not permitted.

U335 ASSEMBLY AND ERECTION

Paragraph 335 applies, except for paras. 335.4.1, B35.5,
and 335.6. See paras. U335.7 and U335.8.

U335.7 Face Seal Joints

U335.7.1 Metal Face Seal. Metal face seal joints
shall be installed and assembled in accordance|with
manufacturer’s instructions. See Fig. U33%.7.1,
drawing (a).

U335.7.2 Nonmetallic Face Seal. Nonmetalli¢ face
seal joints shall be installed and assembled in accordlance
with manufacturer’s instructions. Care shall be taljen to
ot i T T joints
into piping assemblies by welding. See Fig. U335.7.1,
drawing (b).

U335.8 Hygienic Clamp Joint Assembly

Hygienic clamp joint assembly components, e.g., those
shown in Figs. U335.8A, U335.8B, and U335.8C, shall be
installed and assembled in accordance with the manu-
facturer’s instructions. Care shall be taken to avoid dis-
torting the seal when incorporating such joints into
piping assemblies by welding.

(14)
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Fig. U335.7.1 Face Seal Joints

(a) Metal Face Seal (b) Nonmetallic Face Seal

Fig. U335.8A Hygienic Clamp Joint Assembly

T~
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Fig. U335.8B Hygienic Clamp Types

(2) Two-Piece
Double Pin With
Wing Nut

(1) Two-Piece
Sing|e Pin With
Wing Nut

Fig. U335.8C

Groove
detail
r//
/ 57
///

Groove Detail

(1) Type A:
0.D. Tube Sizes 1/4 in. Through 1 in.

PART 10
INSPECTION, EXAMINATION, AND TESTING

U340 INSPECTION
lfParagre ph 340 applies<in its entirety.

U341 EXAMINATION

Paragrlaph 341 applies. See paras. U341.3.2 and
U341.4.1.

(3) Three-Piece (4) Twwo=Bolt
Double Pin With Heayy Duty
Wing Nut
Hygienic Ferrules
Groove
detail
’ //
’ //
. //

Groove Detail

(2) Type B:
0.D. Tube Sizes 1 in. and Above

of the 5% random radiography/ultrasonic examinjation
required in para. 341.4.1(b)(1) when the followinlg are
employed in fabrication:
(a) autogenous automatic orbital welding
(b) automatic orbital welding with the use of corjsum-
able insert rings

U341.4.5 Weld Coupon Examination. Weld coypons
shall be made and examined in accordance [with
para. U344.8 when any of the following conditions|exist:

U341.3 Examination Requirements

U341.3.2 Acceptance Criteria. Where weld coupon
examination is specified in the engineering design,
acceptance criteria shall be as stated in the referencing
Code or standard (e.g., ASME BPE or SEMI) and shall
at least meet the applicable requirements in para. 341.3.2.

U341.4 Extent of Required Examination

U341.4.1 Examination. A weld couponexamination
in accordance with para. U344.8 may be used in lieu

Copyright ASME International
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(a) beginning of shift

(b) change of purge source

(c) change of power supply

(d) change of equipment, e.g., weld head, weld-head
extensions, tungsten

(e) anytime there is a weld defect

U342 EXAMINATION PERSONNEL

Paragraph 342 applies in its entirety. See
para. U342.2(a).
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U342.2 Specific Requirement

(a) For weld coupon examination

(1) the examinations shall be performed by person-
nel other than those performing the production work or

(2) with the owner’s approval, the personnel per-
forming the production work shall be permitted to per-
form the examination, provided the personnel meet the
personnel qualification and certification requirements
in para. 342.1

U345 TESTING

Paragraph 345 applies in its entirety. See paras. U345.1
and U345.8.

U345.1 Required Leak Test

Paragraph 345.1 applies, except the preferred test
method is pneumatic.

(a) Atthe owner’s option, a helium mass spectrometer
e used in

U343 EXAMINATION PROCEDURES

Pajagraph 343 applies.

U344 TYPES OF EXAMINATION
Paifagraph 344 applies. See paras. U344.2 and U344.8.

U344.2 Visual Examination

Pafagraph 344.2 applies, except in addition to the
methjod described in para. 344.2.2, borescopic examina-
tion shall be acceptable.

U344

U3
comy]
ing, 4

(a)
with

.8 Weld Coupon Examination

44.8.1 Requirements. Weld coupon examination
rises examination of weld coupons for the follow+
s applicable:
prior to welding of coupons made in accordance
para. U328.4.4(b)(1)
1) joint preparation and cleanliness
2) fit-up, collet or clamp grip, and ‘alignment in
the weld head
3) variables in the orbital welding machine speci-
fied in the WPS

(b)| after welding of couporis made in accordance with
para| U328.4.4(b)(1), and\for weld coupons made in
accordance with para.1U328.4.4(b)(2), for compliance
with |para. U341.3.2
1) alignment
2) weld penetration
3) weld. béad width variation
4) weld bead meander
5)\discoloration

test in accordance with para 1]34581 may

lieu of the pneumatic leak test described in\para. 345.5.

U345.8 Sensitive Leak Test

Paragraph 345.8 applies, except the helium mass spec-
trometer test described in paza:U345.8.1 is also an
acceptable method.

U345.8.1 Helium Mass Spectrometer Test.| The test
shall be one of the following methods and pgerformed
in accordance with thefollowing:

(a) For pressurized systems, the test shall b¢ in accor-
dance with BRY Code Section V, Article 10, Appendix IV
(Helium Mass Spectrometer — Detect¢r Probe
Technique).

(1)\The test pressure shall be the lesser df 105 kPa
(15 psig) gage, or 25% of the design pressure
(2) Prior to testing, the test pressure shall be held
a’minimum of 30 min.
(3) Unless otherwise specified in the enlgineering
design, the system tested is acceptable when rfo leakage
is detected that exceeds the allowable leakage rate of
1 % 107* std cc/s.

(b) For evacuated systems, the test shall bg in accor-
dance with BPV Code Section V, Article 10, Appendix V
(Helium Mass Spectrometer Test — Trager Probe
Technique).

(1) The piping system shall be evacuated to an
absolute pressure sufficient for connection of the helium
mass spectrometer to the system.

(2) Unless otherwise specified in the enjgineering
design, the system tested is acceptable when rfo leakage
is detected that exceeds the allowable leakage rate of
1 % 107 std cc/s.

U345.9 Alternative Leak Test

Paragranh 345 9 applies except welds mav
O r rr 4 r J

be exam-

6) weld defects, e.g., cracks, porosity, or sulfur
stringers
To allow direct visual examination of the inside sur-
faces, the weld coupon may be cut or a suitable indirect
visual examination method (e.g., borescopic examina-
tion) may be used.

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 engineering
design.
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ined by weld coupon examination method in accordance
with para. U341.4.5 and the test method may be helium
mass spectrometer test in accordance with
para. U345.8.1.

U346 RECORDS

U346.2 Responsibility

Itis the responsibility of the piping designer, the manu-
facturer, the fabricator, and the erector, as applicable, to
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prepare the records required by this Code, ASME BPE,
SEMI, or other industry standard as specified in the
engineering design.

U346.3

Retention of Records

Paragraph 346.3 applies.

UM300

(a) Ch{
by the oW
Fluid Ser

(b) The

nations

Chapter |

(c) Par

(d) Pro

with the

UM307.]
UM335.
UM345(b).

UM307

Paragr

para. UM

UM307.2

(c) Bel
be used.

UM322

Paragra
See para.
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PART 11

UM322.3 Instrument Piping

(c) joining methods shall conform to the requirements

of para. U315

UM328 WELDING OF MATERIALS

Welding shall be in accordance with paras. M311.1
and U328, except examination shall be in accordance

with UM341.

[6HPURITY-PIPINGIN-CATEGORY-M
FLUID SERVICE

GENERAL STATEMENTS

ipter X, Part 11 pertains to piping designated
ner as being high purity piping in Category M
vice. See also Appendix M.

organization, content, and paragraph desig-
of these Parts correspond to those of
VIIL. The prefix UM is used.
hgraphs M300(d), (e), and (f) apply.
visions and requirements of Chapter VIl apply
additional requirements in paras. UM307,
, UMB322, UMS322.3, UM328, UMS335,
.3, UM341, UM341.4(b)(1) and (2), and

METALLIC VALVES AND SPECIALTY
COMPONENTS

aph M307 applies in its entirety. Sée
307.2(c).

Specific Requirements

lows or diaphragm sealed type.valves shall

SPECIFIC PIPING SYSTEMS

ph M322 applies,.except for para. M322.3(c).
UM322.3(c).

UM335 ASSEMBLY AND ERECTION OF METAL
PIPING

Paragraph M335 applies, except for, para. M33

See para. UM335.3.3.

UM335.3.3 Straight-Threaded Joints.
ments of para. M335.3.3 are‘subject to the limitati
para. UM322.

UM341 EXAMINATION
Paragraph 341 applies. See paras. UM341.4
and (2).

UM341:4 Extent of Required Examination

(b)NOther Examination
(1) The 20% random radiography/ultra

&éxamination required in para. M341.4(b)(1) applie
(2) The in-process examination alternative pe

ted in M341.4(b)(2) applies, except a weld coupon e
nation in accordance with para. U344.8 is al

acceptable substitute when specified in the enging

design or by the Inspector.

UM345 TESTING

Paragraph M345(a) applies. See para. UM345(b}.

(b) A sensitive leak test in accordance
para. U345.8 shall be included in the required lea
(para. U345.1).

The red

LIC

5.3.3.
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b)(1)
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»
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k test

Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

150

Licensee=Methanex Corp/5975064001
Not for Resale, 06/16/2015 06:19:47 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2014.pdf

ASME B31.3-2014

APPENDIX A
ALLOWABLE STRESSES AND QUALITY FACTORS FOR METALLIC
PIPING AND BOLTING MATERIALS

. 1
BCSM[D UIl ‘l.llC llC)\‘L PCISC.
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(14) Specification Index for Appendix A
Spec. Spec.
No. Title No. Title
ASTM ASTM (Cont’d)
A36 Carbon Structural Steel A299 Pressure Vessel Plates, Carbon Steel, Manganese-
A47 Ferritic Malleable Iron Castings Silicon
A48 Gray Iron Castings
A53 Pipe, Steel, Black and Hot-Dipped, Zinc Coated, A302 Pressure Vessel Plates, Alloy Steel, Manganese-
Welded and Seamtess Motybdenum and Manganese-motybdenum-Nigkel
A307 Carbon Steel Bolts and Studs, 60,000 PSI Tensit
A105 Carbon Steel Forgings, for Piping Applications Strength
A106 Seamless Carbon Steel Pipe for High-Temperature A312 Seamless, Welded, and Heavily Cold Worked
Service Austenitic Stainless Steel Pipe
A126 Gray Iron Castings for Valves, Flanges, and Pipe A320 Alloy-Steel and Stainless Steel Bolting Materials for
Fittings Low-Temperature Service
Al134 Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes A325 Structural Bolts, Steel, Heat Treated, 120/105 ks
NPS 16 and Over) Minimum Tensile Strength
A135 Electric-Resistance-Welded Steel Pipe A333 Seamless and Welded:Steel Pipe for Low-
A139 Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Temperature Service
Over) A334 Seamless and Welded Carbon and Alloy-Steel Tubes
Al67 Stainless and Heat-Resisting Chromium-Nickel Steel for Low-Temperature Service
Plate, Sheet and Strip A335 Seamless¢Eerritic Alloy Steel Pipe for High-
A179 Seamless Cold-Drawn Low-Carbon Steel Heat- Temperature Service
Exchanger and Condenser Tubes A350 Carbon and Low-Alloy Steel Forgings, Requiring Notch
A181 Carbon Steel Forgings for General Purpose Piping Toughness Testing for Piping Components
A182 Forged or Rolled Alloy and Stainless Steel Pipe A351 €astings, Austenitic, for Pressure-Containing Partp
Flanges, Forged Fittings, and Valves and Parts for ~ A352 Steel Castings, Ferritic and Martensitic, for Pressfire-
High Temperature Service Containing Parts Suitable for Low-Temperature
A193/A193M  Alloy-Steel and Stainless Steel Bolting Materials for Service
High Temperature or High Pressure Service and A353 Pressure Vessel Plates, Alloy Steel, 9 Percent Nidkel,
Other Special Purpose Applications Double Normalized and Tempered
A194/A194M Carbon and Alloy Steel Nuts for Bolts for High A354 Quenched and Tempered Alloy Steel Bolts, Studd,
Pressure or High Temperature Service, or Bath and Other Externally Threaded Fasteners
A197 Cupola Malleable Iron A358 Electric-Fusion-Welded Austenitic Chromium-Nickel
Alloy Stainless Steel Pipe for High-Temperaturg
A202 Pressure Vessel Plates, Alloy Steel, Chromium- Service and General Applications
Manganese-Silicon A369 Carbon and Ferritic Alloy Steel Forged and Bored
A203 Pressure Vessel Plates, Alloy Steel;*Nickel Pipe for High-Temperature Service
A204 Pressure Vessel Plates, Alloy-Steel, Molybdenum A376 Seamless Austenitic Steel Pipe for High-Temperajure
A213 Seamless Ferritic and Austenitic Alloy-Steel Boiler, Central-Station Service
Superheater, and Heat-Exchanger Tubes A381 Metal-Arc-Welded Steel Pipe for Use with High-
A216 Steel Castings, Carbon,/Suitable for Fusion Welding Pressure Transmission Systems
: for High-Temperature Service A387 Pressure Vessel Plates, Alloy Steel, Chromium-
A217 Steel Castings,"Martensitic Stainless and Alloy, for Molybdenum
Pressure-Containing Parts Suitable for High- A395 Ferritic Ductile Iron Pressure-Retaining Castings for
Temperature Service Use at Elevated Temperatures
A234 Piping Fittings of Wrought Carbon Steel and Alloy
‘ Steel for Moderate and High Temperatures A403 Wrought Austenitic Stainless Steel Piping Fittingd
- A240 Chromium and Chromium-Nickel Stainless Steel A409 Welded Large Diameter Austenitic Steel Pipe for
Plate, Sheet, and Strip for Pressure Vessels Corrosive or High-Temperature Service
. A268 Secamless and Welded Forritic and Martensitic A420 Dirr_\ing Firfingc of \I\Irnllghf Carban Steel and Allo
‘ Stainless Steel Tubing for General Service Steel for Low-Temperature Service
A269 Seamless and Welded Austenitic Stainless Steel A426 Centrifugally Cast Ferritic Alloy Steel Pipe for High-
Tubing for General Service Temperature Service
A278 Gray Iron Castings for Pressure-Containing Parts for ~ A437 Alloy-Steel Turbine-Type Bolting Material Specifically
Temperatures Up to 650°F (350°C) Heat Treated for High-Temperature Service
A283 Low and Intermediate Tensile Strength Carbon Steel  A451 Centrifugally Cast Austenitic Steel Pipe for High-
Plates Temperature Service
A285 Pressure Vessel Plates, Carbon Steel, Low- and A453 High Temperature Bolting Materials, with Expansion
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Specification Index for Appendix A (Cont’d) (14)
Spec. Spec.
No. Title No. Title

ASTM (Cont’d) ASTM (Cont’d)

A479 Stainless Steel Bars and Shapes for Use in Boilers B62 Composition Bronze or Ounce Metal Castings
and Other Pressure Vessels B68 Seamless Copper Tube, Bright Annealed
A487 Steel Castings Suitable for Pressure Service B75 Seamless Copper Tube
A494 Castings, Nickel and Nickel Alloy B88 Seamless Copper Water Tube
5349 Copper-siticon Attoy Plate, Sheet, Strp, and| Rolled
A515 Pressure Vessel Plates, Carbon Steel, for Bar for General Purposes and Pressure Mgssels
Intermediate- and Higher-Temperature Service B98 Copper-Silicon Alloy Rod, Bar and Shapes
A516 Pressure Vessel Plates, Carbon Steel, for Moderate-
and Lower-Temperature Service B127 Nickel-Copper Alloy (UNS N04400) Plate, SHeet, and
A524 Seamless Carbon Steel Pipe for Atmospheric and Strip
Lower Temperatures B133 Copper Rod, Bar and Shapes
A537 Pressure Vessel Plates, Heat-Treated, Carbon- B148 Aluminum-Bronze Sand“Castings
Manganese-Silicon Steel B150 Aluminum-Bronze Rod,/Bar and Shapes
A553 Pressure Vessel Plates, Alloy Steel, Quenched and B152 Copper Sheet, Strip, Plate and Rolled Bar
Tempered 8 and 9 Percent Nickel B160 Nickel Rod and”Bar
A563 Carbon and Alloy Steel Nuts B161 Nickel Seaml€ss Pipe and Tube
A570 Steel Sheet and Strip, Carbon Hot-Rolled B162 Nickel Plate; Sheet and Strip
A571 Austenitic Ductile Iron Castings for Pressure- B164 Nickél-Copper Alloy Rod, Bar and Wire
Containing Parts Suitable for Low-Temperature B165 Nickel*Copper Alloy (UNS N04400) Seamlesk Pipe
Service and Tube
A587 Electric-Resistance-Welded Low-Carbon Steel Pipe for B166 Nickel-Chromium-Iron Alloys (UNS N06600, N06601,
the Chemical Industry N06603, N06690, NO6693, N06025, and|N06045)
and Nickel-Chromium-Cobalt-Molybdenumn] Alloy
A645 Pressure Vessel Plates, Five Percent Nickel Alloy (UNS N06617) Rod, Bar, and Wire
Steel, Specially Heat Treated B167 Nickel-Chromium-Iron Alloys (UNS N06600, N0O6601,
A671 Electric-Fusion-Welded Steel Pipe for Atmospheric N06603, N06690, N06693, N06025, and|NO6045)
and Lower Temperatures and Nickel-Chromium-Cobalt-Molybdenun] Alloy
A672 Electric-Fusion-Welded Steel Pipe for High-Pressure (UNS N06617) Seamless Pipe and Tube
Service at Moderate Temperatures B168 Nickel-Chromium-Iron Alloys (UNS N06600, N06601,
A675 Steel Bars, Carbon, Hot-Wrought, Special Quality, N06603, N06690, N06693, N0O6025, and|N06045)
Mechanical Properties and Nickel-Chromium-Cobalt-Molybdenumn] Alloy
A691 Carbon and Alloy Steel Pipe, Electric Fusion-Welded (UNS N06617) Plate, Sheet, and Strip
for High-Pressure Service at High\Temperatures B169 Aluminum-Bronze Sheet, Strip, and Rolled Bar
A696 Steel Bars, Carbon, Hot-Wrought,er*Cold-Finished, B171 Copper-Alloy Plate and Sheet for Pressure Vessels,
Special Quality, for Pressure-Riping Components Condensers, and Heat Exchangers
B187 Copper, Bus Bar, Rod, and Shapes and Genfral
A789 Seamless and Welded.Ferritic/Austenitic Stainless Purpose Rod, Bar, and Shapes
Steel Tubing for General Service
A790 Seamless and Welded Ferritic/Austenitic Stainless B209 Aluminum and Aluminum-Alloy Sheet and Plate
Steel Pipe B210 Aluminum and Aluminum-Alloy Drawn Seanjless
Tubes
A813 Single- anDouble-Welded Austenitic Stainless Steel B211 Aluminum and Aluminum-Alloy Bars, Rods, gnd Wire
Pipe B221 Aluminum and Aluminum-Alloy Extruded Bafs, Rods,
A814 Cold-Worked Welded Austenitic Stainless Steel Pipe Wire, Profiles, and Tubes
A815 Wrought Ferritic, Ferritic/Austenitic, and Martensitic B241 Aluminum and Aluminum-Alloy Seamless Pipe and
Stainless Steel Piping Fittings Seamless Extruded Tube
B247 Aluminum and Alllmihllm.A“r\\Jl Die Fnrging Hand
A992 Structural Steel Shapes Forgings, and Rolled Ring Forgings
B265 Titanium and Titanium Alloy Strip, Sheet, and Plate
A1010 Higher Strength Martensitic Stainless Steel Plate, B280 Seamless Copper Tube for Air Conditioning and
Sheet, and Strip Refrigeration Field Service
A1053 Welded Ferritic-Martensitic Stainless Steel Pipe B283 Copper and Copper-Alloy Die Forgings (Hot-Pressed)
B21 Naval Brass Rod, Bar, and Shapes B333 Nickel-Molybdenum Alloy Plate, Sheet, and Strip
B26 Aluminum-Alloy Sand Castings B335 Nickel-Molybdenum Alloy Rod
B42 Seamless Copper Pipe, Standard Sizes
B43 Seamless Red Brass Pipe, Standard Sizes
B61 Steam or Valve Bronze Castings
153
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(14) Specification Index for Appendix A (Cont’d)
Spec. Spec.
No. Title No. Title

ASTM (Cont’d)

ASTM (Cont’d)

B338 Seamless and Welded Titanium and Titanium Alloy B514 Welded Nickel-Iron-Chromium Alloy Pipe
Tubes for Condensers and Heat Exchangers B517 Welded Nickel-Chromium-Iron Alloy (UNS N06600,
B345 Aluminum and Aluminum-Alloy Seamless Pipe and UNS N06603, UNS N06025, and UNS NO6045)
Seamless Extruded Tube for Gas and Oil Pipe
Transmission and Distribution Piping Systems B523 Seamless and Welded Zirconium and Zirconium Alloy
B361 Factory-Made Wrought Aluminum and Aluminum- Tubes
Alloy Welding Fittings B547 Aluminum and Aluminum-Alloy Formed and'Arc-
B363 Seamless and Welded Unalloyed Titanium and Welded Round Tube
Titanium Alloy Welding Fittings B550 Zirconium and Zirconium Alloy Bar and Wire
B366 Factory-Made Wrought Nickel and Nickel Alloy Fittings B551 Zirconium and Zirconium Alloy Strip, Sheet, and
B371 Copper-Zinc-Silicon Alloy Rod Plate
B381 Titanium and Titanium Alloy Forgings B564 Nickel Alloy Forgings
. . . B574 Low-Carbon Nickel-Molybdenum-Chromium Alloy Rod
B407 N!ckel-lron-Chrom!um Alloy Seamless Pipe and T}Jbe B575 Low-Carbon Nickel-MalyBdefium-Chromium Alloy
B409 Nickel-Iron-Chromium Alloy Plate, Sheet, and Strip Plate, Sheet and Strip
B423 N|ckel-|ron-Chromlum-Molybdenum-Coppe( Alloy B581 Nickel-Chromium-fren-Molybdenum-Copper Alloy Rod
(UNS NO08825 and N08221) Seamless Pipe and B582 Nickel-Chromiufn-Iron-Molybdenum-Copper Alloy
'Tube . Plate, Sheet-and Strip
Ba24 Nickel-lron-Chromium-Molybdenum-Copper Alloy ) B584 CopperAlloy Sand Castings for General Applicatipns
(UNS N08825 and N08221) Plate, Sheet and Strip
B425 Nickel-Iron-Chromium-Molybdenum-Copper Alloy B619 Welded Nickel and Nickel-Cobalt Alloy Pipe
(UNS N08825 and N08221) Rod and Bar B620 Nickel-Iron-Chromium-Molybdenum Alloy
B435 UNS N06022, UNS N06230, and UNS R30556 Plate, (UNS N08320) Plate, Sheet and Strip
Sheet, and Strip B621 Nickel-Iron-Chromium-Molybdenum Alloy
B443 Nickel-Chromium-Molybdenum-Columbium Alloy (UNS N08320) Rod
(UNS N06625) and Nickel-Chromium-Molybdenum- B622 Seamless Nickel and Nickel-Cobalt Alloy Pipe an
Silicon Alloy (UNS N06219) Plate, Sheet, and Strip Tube
B444 Nickel-Chromium-Molybdenum-Columbium Alloys B625 Nickel Alloy Plate and Sheet
(UNS N06625 and UNS N06852) and Nickel- B626 Welded Nickel and Nickel-Cobalt Alloy Tube
Chromium-Molybdenum-Silicon Alloy B649 Ni-Fe-Cr-Mo-Cu Low Carbon Alloy (UNS N08904) gnd

(UNS N06219) Pipe and Tube
B446 Nickel-Chromium-Molybdenum-Columbium Alloy

Ni-Fe-Cr-Mo-Cu-N Low Carbon Alloy UNS N08935,
UNS N08031, and UNS N08926) Bar and Wire

(UNS N06625), Nickel-Chromium-Molybdentum- B658 Seamless and Welded Zirconium and Zirconium Alloy
Silicon Alloy (UNS N06219), and Njckel-Chromium- Pipe
Molybdenum-Tungsten Alloy (UN$™N06650) Rod B668 UNS N08028 Seamless Pipe and Tube
and Bar B675 UNS N08366 and UNS N08367 Welded Pipe

B462 Forged or Rolled UNS N06030; UNS N06022, B688 Chromium-Nickel-Molybdenum-Iron (UNS N08364
UNS N06035, UNS N06260,.UNS N06059, and UNS N08367) Plate, Sheet, and Strip
UNS N06686, UNS NO8020, UNS N08024. B690 Iron-Nickel-Chromium-Molybdenum Alloys (UNS
UNS N08026, UNSN08367, UNS N10276, N08366 and UNS N08367) Seamless Pipe and
UNS N10665, UNS\IN10675, UNS N10629, Tube
UNS N08031;~UNS N06045, UNS N06025, and . .
UNS R20033-Alloy Pipe Flanges, Forged Fittings, B705 Nlckel:Alloy (UNS.N06625 and N08825) Welded Pipe
and Val{es.and Parts for Corrosive High- B709 Iron-Nlckel-Chrom|um-M0lybdenL{m Alloy (UNS
TerqpNi¥lire Service N0802§) Plate, Sheet, and Strip

B463 UNSNDB020, UNS N08026, and UNS NO8024 Alloy B725  Welded Nickel (UNS N02200/UNS N02201) and
Pldte, Sheet, and Strip Nickel-Copper Alloy (UNS N04400) Pipe

B464 N AT T EVRNII B9 Seamless UNS NOS020, UNS NO8026, UNS NOgd24

> ; Y - -

Pipe Nickel-Alloy Pipe and Tube

B466 Seamless Copper-Nickel Pipe and Tube B804 UNS N08367 Welded Pipe

B467 Welded Copper-Nickel Pipe B861 Titanium and Titanium Alloy Seamless Pipe

B491 Aluminum and Aluminum Alloy Extruded Round B862 Titanium and Titanium Alloy Welded Pipe
Tubes for General-Purpose Applications . L

B493 Zirconium and Zirconium Alloy Forgings E112 Methods for Determining Average Grain Size

API
5L Line Pipe

GENERAL NOTE: It 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 the sponsoring organizations, are shown in Appendix E.
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NOTES FOR TABLES A-1, A-1M, A-1A, A-1B, A-2, AND A-2M

GENERAL NOTES: (4a) *In Table A-1, stress values printed in jtalics exceed two-

(@) The allowable stress values, P-Number assignments, weld thirds of the expected yield strength at temperature. Stress
joint and casting quality factors, and minimum temperatures values in boldface are equal to 90% of expected yield
n Tables A-1, A-1A, A-1B, and A-2, together with the Strength at temperature. See paras. 302.3-2(d)(37]and (e).
eferenced Notes in the stress tables, are requirements of (4b) *In Table A-1M, stress values printed in italics afe tensile-
his Code. controlled values. Yield-controlled stress values afe in normal

(b) Notes (1) through (7) are referenced in column headings and font and time-dependent stress values arein boldface.

n body headings for material type and product form; Notes (5) *See para. 328.2.1(f) for description ‘of P-Number|groupings.
8) and following are referenced in the Notes column for P-Numbers are indicated by numberot by a number followed
pecific materials. Notes marked with an asterisk (*) restate by a letter (e.g., 8, 5B, or 11A):

equirements found in the text of the Code. (6) *The minimum temperaturg’ shown is that design minimum

() At this time, metric equivalents are partly provided in temperature for which the\mdterial is normally suitable
fables A-1M and A-2M. For this Edition, the metric values in without impact testing other than that required by the
[ables A-1M and A-2M are for information only. The values in material specification.~However, the use of a matqrial at a
[ables A-1 and A-2 are the required values. To convert stress design minimuntemperature below —29°C (-20°F) is
alues in Tables A-1 and A-2 to MPa at a given temperature established,bylrules elsewhere in this Code, including para.
n °C, determine the equivalent temperature in °F and 323.2.2(a)’and other impact test requirements. Fdr carbon
nterpolate to calculate the stress value in ksi at the given steels with/a letter designation in the Min. Temp. column,
emperature. Multiply that value by 6.895 to determine basic see pafa. 323.2.2(b) and the applicable curve and Notes in
hllowable stress, S, in MPa at the given temperature. Fig.\323.2.2A.

(d)  For copper and copper alloys, the following symbols are (7) _ ThE letter “a” indicates alloys that are not recommended for
ised in the Temper column: H = drawn; HO1 = quarter welding and that, if welded, must be individually gualified.
hard; HO2 = half hard; HO6 = extra hard; H55 = light The letter “b” indicates copper base alloys that must be
irawn; H58 = drawn, general purpose; H80 = hard drawn; individually qualified.

HR50 = drawn, stress relieved; M20 = hot rolled; 025 = (8) *There are restrictions on the use of this materialfin the text
hot rolled, annealed; 050 = light annealed; 060 = soft of the Code as follows:

innealed; 061 = annealed; WO50 = welded, annealed; (a) See para. 305.2.1; temperature limits are -R9°C to
ind WO61 = welded, fully finished, annealed. 186°C (—20°F to 366°F).

(e)  For nickel and nickel alloys, the following abbreviations are (b) See para. 305.2.2; pipe shall be safeguard¢d when
ised in the Class column: ann., annealed; C/D.,)cold worked; used outside the temperature limits in Note (8a).
org., forged; H.F.,, hot finished; H.R., .hot rolled; H.W.,.hot () See Table 323.2.2, Section B-2.

orked; plt., plate; R., rolled; rel., relieveds sol., solution; (d) See para. 323.4.2(a).
tr., stress; and tr., treated. (©) See para. 323.4.2(b)

® n Table A-1M, the following abbreviations are used in the ’ e
Product Form column: forg., forgings; ftg., fittings; pl., plate; () See para. 309.2.1.
hps., shapes; sht., sheet;(5mls;, seamless; and wld., () See para. 309.2.2.

elded. (9)  *For pressure-temperature ratings of components made in
accordance with standards listed in Table 326.1, §ee para.

NOTEY: 32'6.2.1. Stres; values in Table A-1 may bg useq fo calculate

1) The stress valles)in Tables A-1 and A-1M, and the design r'atlngs for unlisted compont?nts, and special ratings for
tress valugsiin*Tables A-2 and A-2M, are basic allowable listed components, as Permlt'ted by para. 393‘
tresses qn¢ension in accordance with para. 302.3.1(a). For ) Cor‘r}ponent'st?ndards l'§ted n Table 326.1 impose the fol-
bressufe-désign, the stress values from Tables A-1 and A-1M lowing restrictions on this material when used as a forging:
hre_mUltiplied by the appropriate quality factor E (. from composition, properties, heat treatment, and grain size shall
fable A-1A or E; from Table A-1B). Stress values in shear and conform to this specification: manufacturing procddures, tol-
bearing are stated in para. 302.3.1(b); those in compression €erances, tests, certification, and markings shall be in accor-
in para. 302.3.1(c). dance with ASTM B564.

(2) *The quality factors for castings E, in Table A-1A are basic (10) *This casting quality factor is applicable only when proper
factors in accordance with para. 302.3.3(b). The quality supplementary examination has been performed (see para.
factors for longitudinal weld joints E; in Table A-1B are basic 302.3.3).
factors in accordance with para. 302.3.4(a). See paras. (11) *For use under this Code, radiography shall be performed
302.3.3(c) and 302.3.4(b) for enhancement of quality after heat treatment.
factors. See also para. 302.3.1(a), footnote 1. (12) *Certain forms of this material, as stated in Table 323.2.2,

(3) The stress values for austenitic stainless steels in these must be impact tested to qualify for service below —29°C
Tables may not be applicable if the material has been given (—20°F). Alternatively, if provisions for impact testing are
a final heat treatment other than that required by the included in the material specification as supplementary
material specification or by reference to Note (30) or (31). requirements and are invoked, the material may be used
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down to the temperature at which the test was conducted in
accordance with the specification.

Properties of this material vary with thickness or size. Stress
values are based on minimum properties for the thickness
listed.

For use in Code piping at the stated stress values, the
required minimum tensile and yield properties must be veri-
fied by tensile test. If such tests are not required by the
material specification, they shall be specified in the pur-
chase order.

(30

(€3]

(32

For temperatures above 538°C (1,000°F), these stress values
may be used only if the material has been heat treated at a
temperature of 1 093°C (2,000°F) minimum.

For temperatures above 538°C (1,000°F), these stress values
may be used only if the material has been heat treated by
heating to a minimum temperature of 1 038°C (1,900°F) and
quenching in water or rapidly cooling by other means.

Stress values shown are for the lowest strength base mate-
rial permitted by the specification to be used in the manufac-
ture of this grade of fitting. If a higher strength base material
is used, the higher stress values for that material may be

Thes DtchD Va‘luc) arc CDtab‘l;Dhcd flUlll [} \_Ull);dclat;ull Uf
strength only and will be satisfactory for average service. For used in design. ) )
bolted joints where freedom from leakage over a long period (33) For welded construction with work hardened grades, ude the

of timle without retightening is required, lower stress values
may e necessary as determined from the flexibility of the
flangg and bolts and corresponding relaxation properties.
An E;[factor of 1.00 may be applied only if all welds, includ-
ing welds in the base material, have passed 100% radio-
graphjic examination. Substitution of ultrasonic examination
for rafliography is not permitted for the purpose of obtaining
an E;jof 1.00.

Filler metal shall not be used in the manufacture of this pipe
or tule.

DELETED.

*This [specification includes requirements for random radio-
graphfic inspection for mill quality control. If the 0.90 joint
factoris to be used, the welds shall meet the requirements
of Taljle 341.3.2 for longitudinal butt welds with spot radiog-
raphy|in accordance with Table 302.3.4. This shall be a mat-
ter of|special agreement between purchaser and
manufacturer.

For pijpe sizes > DN 200 (NPS 8) with wall thicknesses > Sch
140, the specified minimum tensile strength is 483 MPa

(70 k§i).

For material thickness > 127 mm (5 in.), the specified mini-
mum [tensile strength is 483 MPa (70 ksi).

(21a) For mpterial thickness > 127 mm (5 in.), the specified mini-

22

23)
4
25

(6)

(27)
(28)

(29)

B4

(€3

36)

G7

38
39)

stress values for annealed material; for welded,‘eonstruction
with precipitation hardened grades, use the, speCial strgss
values for welded construction given in,the Fables.
If material is welded, brazed, or soldeted, the allowablg
stress values for the annealed condition shall be used
This steel is intended for use at high temperatures; it may
have low ductility and/or low_impact properties at roo tem-
perature after being used(above the temperature indicdted
by para. F323.4(c)(4).

The specification permits this material to be furnished
out solution heat treatment or with other than a soluti
heat treatmept~When the material has not been soluti
heat treated, thé minimum temperature shall be —29°C
(-20°F) tinless the material is impact tested in accordance
with para.” 323.3.
Impact*requirements for seamless fittings shall be govgrned
bynthose listed in this Table for the particular base material
specification in the grades permitted (A312, A240, and
A182). When A276 materials are used in the manufact

ith-

S S =

re of

these fittings, the Notes, minimum temperatures, and 3llow-
able stresses for comparable grades of A240 materials|shall
apply.

DELETED.

This material when used below —29°C (—20°F) shall be
impact tested if the carbon content is above 0.10%.

mum [tensile strength is 448 MPa (65 ksi). (40) *This casting quality factor can be enhanced by supplemen-
The minimum tensile strength for weld (qualification) and tary examination in accordance with para. 302.3.3(c) apd
stresq values shown shall be multiplied-by_0.90 for pipe hav- Table 302.3.3C. The higher factor from Table 302.3.3C may
ing am outside diameter less than 51 mm’ (2 in.) and a D/t be substituted for this factor in pressure design equatipns.
value|less than 15. This requirement fnay be waived if it can (41) Design stresses for the cold drawn temper are based op hot
be shown that the welding procedure to be used will consist- rolled properties until required data on cold drawn are|sub-
ently produce welds that meet the listed minimum tensile mitted.

strength of 165 MPa (24.Kksi)s (42) This is a product specification. No design stresses are peces-
DELETED. sary. Limitations on metal temperature for materials coyered
Yield [strength is not.stated in the material specification. The by this specification are as follows:

value|shown isdased on yield strengths of materials with Metal Temperatufe,
similgr characteristics. Grade(s) °C (°F)

This dteel(may develop embrittlement after service at approxi-

matel 316°Cy(600°F)pand higher temperature. PP 1 29 to 482 (~20 to 90p)

K 2, 2H, and 2HM —48 to 593 (=55 to 1,100)
This unstabilized grade of stainless steel increasingly tends 3 29 to 593 (~20 to 1,100)
to precipitate intergranular carbides as the carbon content 4 48 to 593 (=55 to 1,100)
increases above 0.03%. See also para. F323.4(c)(2). ne ~101 to 593 (150 to 1,100)
For temperatures above 427°C (800 °F), these stress values 6 29 to 427 (=20 to 800)
apply only when the carbon content is 0.04% or higher. 7 48 to 593 (=55 to 1,100)
For temperatures above 538°C (1,000°F), these stress values 7L -101 to 593 (~150 to 1,100)
apply only when the carbon content is 0.04% or higher. 7M —48 to 593 (=55 to 1,100)
The stress values above 538°C (1,000°F) listed here shall be 7ML —73 to 593 (-100 to 1,100)
used only when the steel’s austenitic micrograin size, as 8FA [see Note (39)] —29 to 427 (-20 to 800)
defined in ASTM E112, is No. 6 or less (coarser grain). Other- 8MA and 8TA -198 to 816 (-325 to 1,500)

wise, the lower stress values listed for the same material,
specification, and grade shall be used.
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(42a) DELETED.

43)

(44)
(45)
(46)

47)

(43)

(49)
(50)

(51)

(52)

(53)

(54)

(55)

(56)

(57)

(58)

(59

(60)

(61)
(62)
(63)

(64)

(65) The minimum temperature shown is for the heaviest wall per-
(42b) This is a product specification. No design stresses are neces- missible by the specification. The minimum temperature for
sary. For limitations on usage, see paras. 309.2.1 and lighter walls shall be as shown in the following tabulation:
309.2.2. Impact Test Temperature (°C) for Plate
*The stress values given for this material are not applicable Thicknesses Shown
when either welding or thermal cutting is employed [see
para. 323.4.2(0)]. Spec. No. Over
This material shall not be welded. and 51 mm 51 mm to
Stress values shown are applicable for “die” forgings only. Grade Max. 76 mm
Lines of allowable stresses in Table A-1 for all materials in A203 A 68 _59
A312 include heavily cald warked (HC\W) material as defined A 5% _59
n A312 para. 6.1.4. A203 D _101 _g7
f no welding is employed in fabrication of piping from these A203 E ~101 _87
naterials, the stress values may be increased to 230 MPa
33.3 ksi).
[he stress value to be used for this gray iron material at its Impact Test Temperature (°F) for [Plate
ipper temperature limit of 232°C (450°F) is the same as that Thickn@sses Shown
hown in the 204°C (400°F) column.
f the chemical composition of this Grade is such as to ren- Spec';\lo' 2 Over 2 i
er it hardenable, qualification under P-No. 6 is required. Garzde M;I:(' t\;eg inm.
[his material is grouped in P-No. 7 because its hardenability _ - _
s low. A203 A -90 -75
[his material may require special consideration for welding A203-B -90 -75
ualification. See the BPV Code, Section IX, QW/QB-422. For A203 D -150 -125
ise in this Code, a qualified WPS is required for each A203 E -150 -125
trength level of material.
_OOFc)zret;isrll“;Oer:iiaa“Zﬁ arl:iegr:](t)fenil;\tl;\elxiui:ltzglr;x}l]:rrl]ye:;)(?vS:d (66) Stress valu.esl shown are 90% of those for the corfesponding
’ ¢ore material.
00°C (2.12°F)'_ The user should sat‘|sfy h|msglf thaF the alloy (67)7For use under this Code, the heat treatment requifements for
elected is satisfactory for the service for which it is to be pipe manufactured to A671, A672, and A691 shall be as
itsreecis relief heat treatment is required for service above required‘by para. 331. for the particular material 1bei.ng used.
b32°C (450°P) (68) Th.e ten§|on tes.t specimen from plate 12.7 mm (. b in.) and
%he maximum.operating temperature is arbitrarily set at thlcke‘r is machined from the core and does not irfclude the
P60°C (500°F) because hard temper adversely affects design ?(l)ardntqj;rzgr;lllcs)yl;é:etﬁe;ﬁri,zti;er;;:ess values listed fre those
e produced 1o ths specifcation o ot st for hign (65 This material may be used ony n nonpressure agliations.
emperature service. The stress values apply to-geither nonex- (70) Alloy 625 (UNS N,06625) In the annealed conditiop is subject
banded or cold expanded material in the,as-rolled, normal- to severe .IOSS of impact StFEI‘Lgth at roc()]m tempe:z ture after
zed, or normalized and tempered condition. eXposgre in the range of 538°C to 760°C (1,000% to
Because of thermal instability, this-material is not recom- 1,400%). ) ) )
[ ended for service above 427°C (800°F). 71) These materials are nc‘)r.mal.ly microalloyed with Ch, V, and/or
Conversion of carbides to graphite may occur after prolonged Ti- Supplemental specifications fagreed to. by man factur.erA
bxposure to temperatures over 427°C (800°F). See para. and purchaser comrn.onl\./ establish chemistry mory restrllc'Elve
[323.4(0)(2). than the base §peC|flcat|on, as wel.l.as Plate rolling specifica-
Conversion of carbid&s-t0 graphite may occur after prolonged tlooungshiztsisreqwrements for weldability (i.e., C-equjvalent) and
h o} o °
:;g(;.sr(rg)g).temperatures over 468°C (875°F). See para. (72) For service temperature > 454°C (850°F), weld meftal shall
For temperattires above 482°C (900°F), consider the advan- have a carbon c.ontent.> 0.05%. )
ages of killed steel. See para. F323.4(b)(4). 73) H.eat t.reatment is required after welding for all prgducts of
For all-d€sign temperatures, the maximum hardness shall be nrconlum Grade R6,0705' ,Se,e Table 331.1.1. .
Rockwell C35 immediately under the thread roots. The hard- (74) Mechanical prope?rt]es of f|tt|r!gs mad.e from forging stock
o€ chall he taken an a flat area at leact 3 mm (Y in) shall meet the minimum tensile requirements of dne of the
across, prepared by removing threads. No more material than bar, fO.fging, Of rod Sr.JeCh.‘ication.s listed in Table 2 of B366
necessary shall be removed to prepare the area. Hardness for which tensile testing is required.
determination shall be made at the same frequency as ten- (75) Stress values shown are for materials in the normalized and
sile tests. tempered condition, or when the heat treatment is unknown.
Annealed at approximately 982°C (1,800°F). If material is annealed, use the following values above
Annealed at approximately 1 121°C (2,050°F). 510°C (950°F):
For stress relieved tempers (T351, 73510, 13511, T451, Temp., °C 538 566 593 621 649
T4510, T4511, T651, T6510, T6511), stress values for mate- — — i — i —
rial in the listed temper shall be used. S, MPa 55.1 39.3 26.2 16.5 9.6
The minimum tensile strength of the reduced section tensile Temp., °F 1.000 1.050 1100 1150 1200
specimen in accordance with the BPV Code, Section IX, = . ity -z i iy
QW-462.1, shall not be less than 758 MPa (110.0 ksi). S, ksi 8.0 5.7 3.8 24 14
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(76) DELETED. (78) Not permitted for the P4 and P5 materials in Table 302.3.5
(77) The pipe grades listed below, produced in accordance with for Elevated Temperature Fluid Service.

CSA (Canadian Standards Association) Z245.1, shall be

considered as equivalents to API 5L and treated as listed

materials. Grade Equivalents
APT 5L CSA 7245.1
A25 172
A 207
B 241
X42 290
X46 317
X52 359
X56 386
X60 414
X65 448
X70 483
X80 550
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Table A-1 Basic Allowable Stresses in Tension for Metals (14)
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 [Note (1)]

Class/ Min. Specified Min.

Type/ UNS  Condition/ Temp., _Strength, ksi Temp.
Material Spec. No. Grade No. Temper Notes °F (6) Tensile Yield to 100 200 300 400 500 600 650

Iron
Castings (2)
Gray A48 20 F11401 - (8e)(48) -20 20 . 2.0 20 2.0 2.0
Gray A278 20 F11401 e (8e)(48) -20 20 . 2.0 20 2.0 20
Gray Al126 A F11501 - (8e)(9)(48) -20 21 . 2.0 2.0 2.0°7.0
Gray A48 25 F11701 - (8e)(48) -20 25 e 2.5 2.5+ 25 25
Gray A278 25 F11701 Ce (8e)(48) -20 25 - 2.5 2.5%25 25
Gray A48 30 F12101 Ce (8e)(48) -20 30 Ce 3.0 3.0 3.0 3.0
Gray A278 30 F12101 . (8e)(48) -20 30 A 3.0 3.0 3.0 3.0
Gray A126 B F12102 A (8e)(9)(48) -20 31 - 3.0 3.0 3.0 3.0
Gray A48 35 F12401 R (8e)(48) =20 35 ¢. . 3.5 3.5 3.5 35
Gray A278 35 F12401 . (8e)(48) -20 35 ce 3.5 3.5 3.5 3.5
Gray A48 40 F12801 A (8e)(9)(48) -20 40 e 4.0 4.0 4.0 4.0
Gray Al126 C F12802 - (8e)(9)(48) -20 41 . 4.0 40 40 40 ... ... ...
Gray A278 40 F12803 . 8e)(9)(53) -2Q 40 . 4.0 4.0 4.0 4.0 40| 4.0 4.0
Gray A48 45 F13101 e (8e)(48) =20 45 . 4.5 4.5 4.5 4.5
Gray A48 50 F13501 ce (8e)(48) =20 50 . 5.0 50 50 50 ...| ... ...
Gray A278 50 F13502 - (8€)(53) -20 50 . 5.0 50 5.0 5.0 50| 50 5.0
Gray A48 55 F13801 . . (8e)(48) -20 55 - 5.5 5.5 5.5 5.5
Gray A48 60 F14101 R (8e)(48) -20 60 - 6.0 60 60 60 ...[ ... ...
Gray A278 60 F14102 A (8e)(53) -20 60 . 6.0 6.0 6.0 6.0 6.0| 6.0 6.0
Cupol A197 . F22000 e (8e)(9) -20 40 30 8.0 80 80 80 8.0 80 8.0
malleable
Mallegble A47 32510 F22200 8e)(9) -20 50 32,5 10.0 10.0 10.0 10.0 10.0]10.0 10.0
Ferriti¢ ductile A395 60-40-18 F32800 . 8d)(9) -20 60 40 20.0 19.0 17.9 16.9 15.9 |14.9 14.1
Austenitic A571 D-2M F43010 1 (8d) -20 65 30 20.0
ductile
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(14) 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
Class/ Min. s Mlnl; ksi Min.
Type/ UNS Condition/ Temp., Strength, ksi. Temp.

Material Spec. No. Grade No. Temper Size, in. P-No. (5) Notes °F (6) Tensile Yield to 100 200 300

Carbon Steel
Pipes and Tubes (2)

A285 Gr. A A134 ... 1 (8b)(57) B 45 24 15.0_14.7|14.2

A285 Gr. A A672 A4S K01700 1 (57)(59)(67) B 45 24 150\14.7 [14.2

Butt weld APl 5L A25 . 1 (8a)77) -20 45 25, 15.0 15.0|14.7

Smls & ERV API 5L A25 1 (576G B 45 25, %15.0 15.0(14.7

A179 ... K01200 1 (57)(59) -20 47, 26 15.7 15.7|15.3

Type F A53 A K02504 1 (8a) 200~48 30 16.0 16.0|16.0

A139 A 1 (8b) A< 48 30 16.0 16.0|16.0

A587 ... K11500 1 (57)(59) <20 48 30 16.0 16.016.0

A53 A K02504 1 (57)(59) B 48 30 16.0 16.016.0

A106 A K02501 1 (57) B 48 30 16.0 16.0[16.0

A135 A 1 (57)(59) B 48 30 16.0 16.016.0

A369  FPA K02501 1 (B2 B 48 30 16.0 16.0[16.0

API 5L A 1 (51577 B 48 30 16.0 16.0[16.0

A285 Gr. B A134 ... 1% (8b)(57) B 50 27 167 16.5(15.9

A285 Gr. B A672  A50 K02200 1 (57)(59)(67) B 50 27 167 16.5(15.9

A285 Gr. C A134 ... o 1 (8b)(57) A 55 30 183 183|17.7

A524 I K02104 1 (57) -20 55 30 18.3 18.3|17.7

A333 1 K03008 1 (57)(59) -50 55 30 18.3 18.3|17.7

A334 1 K03008 1 (57)(59) -50 55 30 18.3 18.3|17.7

A285 Gr. C A671 CA55  K02801 1 (59)(67) A 55 30 183 183|177

A285 Gr. C A672  A55 K02801 1 (57)(59)(67) A 55 30 183 183|17.7

A516 Gr. 5 A672 (55 K01800 1 (57)(67) C 55 30 183 18.3(17.7

A516 Gr. 6 A671 CC60  K02100 1 (57)(67) C 60 32 200 19.5(18.9

A515 Gr. 6 A671 (B60  K02401 1 (57)(67) B 60 32 200 19.5(189

A515 Gr. 6 A672 B60 K02401 1 (57)(67) B 60 32 200 19.5(18.9

A516 Gr. 6 A672  C60 K02100 1 (57)(67) C 60 32 200 19.5(189

A139 (B K03003 . 1 (8b) A 60 35 20.0 20.0]/20.0

A135.7 B K03018 1 (5759 B 60 35 20.0 20.0(20.0

K524 | K02104 1 (57) -20 60 35 20.0 20.0]20.0

A53 B K03005 1 (57)(59) B 60 35 20.0 20.0(20.0

A106 B K03006 1 (57) B 60 35 20.0 20.0[20.0

A333 6 K03006 1 (57) -50 60 35 20.0 20.0 20.0

A334 6 K03006 1 (57) -50 60 35 20.0 20.0 20.0

A369 FPB K03006 1 (57) -20 60 35 20.0 20.0 20.0

A381 Y35 1 ... A 60 35 20.0 20.0 20.0

API 5L B 1 (57)(5977) B 60 35 20.0 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 [Note (1)]

Type/
400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 Grade Spec. No.

Carbon Steel
Pipes and Tubes )

1.7 13.0 123 119 115 10.7 9.2 7.9 5.9 . . . . . A134
1.7 13.0 123 119 115 10.7 9.2 79 5.9 4.0 2.5 1.6 1.0 A45 A672
2 ... A25 API 5L
2 ... A25 API 5L
4.8 141 133 128 124 107 9.2 7.9 5.9 4.0 2.5 1.6 1.0 . A179
16.0 A A53
1.0 16.0 153 146 125 10.7 9.2 7.9 . . ce M. . . A587
1.0 16.0 153 146 125 10.7 9.2 7.9 5.9 4.0 2.5 1.6 1.0 A A53
16.0 16.0 153 14.6 125 10.7 9.2 7.9 5.9 4.0 2.5 1.6 1.0 A A106
1.0 16.0 153 146 125 10.7 9.2 7.9 5.9 4.0 2.5 1.6 1.0 A A135
1.0 16.0 153 146 125 10.7 9.2 7.9 5.9 4.9 2.5 1.6 1.0 FPA A369
1.0 16.0 153 146 125 10.7 9.2 79 5.9 4.0 2.5 1.6 1.0 A API 5L
1.4 147 13.8 133 125 10.7 9.2 79 5.9 . ce . . . A134
1.4 147 13.8 133 125 10.7 9.2 7.9 5.9 4.0 2.5 1.6 1.0 A50 A672
17.1 16.3 153 148 143 13.0 108 _8.7 5.9 . ce . . . A134
1.1 16.3 153 14.8 143 13.0 10.8%8.7 5.9 4.0 2.5 . . Il A524
1.1 16.3 153 148 143 13.0 108~ 8.7 5.9 4.0 2.5 1.6 1.0 1 A333
17.1 16.3 153 14.8 143 13.0 _N108 8.7 5.9 4.0 2.5 1.6 1.0 1 A334
1.1 16.3 153 148 143 13.08_)10.8 8.7 5.9 4.0 2.5 1.6 1.0 CA55 A671
1r.1 16.3 153 148 143 1300, 108 8.7 5.9 4.0 2.5 1.6 1.0 A55 A672
1.1 16.3 153 148 143 130 108 8.7 5.9 4.0 2.5 1.6 1.0 C55 A672
182 17.4 16.4 158 153 139 11.4 8.7 5.9 4.0 2.5 . . CC60 A671
182 17.4 16.4 158 ( 153 139 114 87 5.9 4.0 2.5 1.6 1.0 CB60 A671
182 17.4 16.4 158 Y7153 139 11.4 8.7 5.9 4.0 2.5 1.6 1.0 B60 A672
18.2  17.4 16.4 458 153 139 114 87 5.9 4.0 2.5 1.6 1.0 C60 A672
B A139
199 19.0«=1/.9 173 167 139 114 8.7 5.9 4.0 2.5 e . B A135
199 190/ ,'17.9 173 16.7 139 11.4 87 5.9 4.0 2.5 | A524
19.9 ~719.0 179 173 167 139 11.4 8.7 5.9 4.0 2.5 1.6 1.0 B A53
1p.9¢ "19.0 179 173 16.7 13.9 11.4 8.7 5.9 4.0 2.5 1.6 1.0 B A106
199 19.0 179 173 167 139 114 8.7 5.9 4.0 2.5 1.6 1.0 6 A333
199 19.0 179 173 167 139 114 8.7 5.9 4.0 2.5 1.6 1.0 6 A334
199 19.0 179 173 167 139 114 8.7 5.9 4.0 2.5 1.6 1.0 FPB A369
199 19.0 179 173 167 139 114 8.7 5.9 4.0 2.5 1.6 1.0 Y35 A381
199 19.0 179 173 167 139 114 87 5.9 4.0 2.5 1.6 1.0 B API 5L
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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
Class/ Min. s Mlnl; ksi Min.
Type/ UNS Condition/ Temp., Strength, ksi. Temp.

Material Spec. No. Grade No. Temper Size, in. P-No. (5) Notes °F (6) Tensile Yield to 100 200 300

Carbon Steel (Cont’d)
Pipes and Tubes (2) (Cont’d)

A139 C K03004 1 (8b) A 60 42  20.0 20.0]20.0

A139 D K03010 1 (8b) A 60 46 20.0(20.0 | 20.0

APl 5L X42 1 (55)(77) A 60 42 20.0 ,20.0|20.0

A381 Y42 1 - A 60 42 '20.0 20.01(20.0

A381 Y48 1 A 62 48) 20.7 20.7|20.7

APl 5L X46 1 (55)(77) A 63 46 21.0 21.0(21.0

A381 Y46 1 . A 63 46 21.0 21.0(21.0

A381 Y50 1 A 64 50 21.3 21.3]21.3

A516 Gr. 6 A671  CC65 K02403 1 (57)(67) B 65 35 21.7 21.4(20.6

A515 Gr. 6 A671 (CB65 K02800 1 (57)(67) A 65 35 21.7 21.4]20.6

A515 Gr. 6 A672 B65 K02800 1 (57)(67) A 65 35 21.7 21.4(20.6

A516 Gr. 6 A672  C65 K02403 1 (57)(6R B 65 35 21.7 21.4]20.6

A139 E K03012 1 (8b) A 66 52 22.0 22.0(22.0

API 5L X52 1 (55)(77) A 66 52 22.0 22.0(22.0

A381 Y52 1 A 66 52 22.0 22.0(22.0

A516 Gr. 7 A671 CC70 K02700 1 (57)(67) B 70 38 23.3 23.2|22.4

A515 Gr. 7 A671 CB70 K03101 1 (57)(67) A 70 38 23.3 23.2|22.4

A515 Gr. 7 A672 B70 K03101 1 (57)(67) A 70 38 23.3 23.2|22.4

A516 Gr. 7 A672 C70 K02700 1 (57)(67) B 70 38 23.3 23.2|22.4

e A106 C K03501 A 1 (57) B 70 40 23.3 23.3|23.3

A537 Cl. 1 A671 CD70 K12437 < 21/2 thk. 1 (67) D 70 50 23.3 23.3|22.8

A537 Cl. 1 A672 D70 K12437 < 21/2 thk. 1 67) D 70 50 23.3 23.3]22.8

A537 Cl. 1 A691 CMSH-70 K12437 < 21/2 thk. 1 (67) D 70 50 23.3 23.3|22.8

APl 5L X56 1 (51)(55)(71)(77) A 71 56 23.7 23.7|23.7

e A381 Y56 e 1 (51)(55)(71) A 71 56 23.7 23.7|23.7

A299 Gr. A A671 CK7Z5 K02803 > 1 thk. 1 (57)(67) A 75 40 25.0 24.4(23.6

A299 Gr. A A672 N75 K02803 > 1 thk. 1 (57)(67) A 75 40 25.0 24.4]23.6

A299 Gr. A A691L~CMS-75 K02803 > 1 thk. 1 (57)(67) A 75 40 25.0 24.4(23.6

A299 Gr. A A671  CK75 K02803 <1 thk. 1 (57)(67) A 75 42 25.0 25.0]24.8

A299 Gr. A A672 N75 K02803 <1 thk. 1 (57)(67) A 75 42 25.0 25.0]24.8

A299 Gr. A A691 CMS-75 K02803 <1 thk. 1 (57)(67) A 75 42 25.0 25.0]24.8
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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 [Note (1)]

Type/
400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 Grade Spec. No.

Carbon Steel (Cont’d)
Pipes and Tuhes (2) (Cont’d)

C A139
200 ... X42 API 5L
200 ... Y42 A381
20.7 207 207 187 ... Y48 A381
210 ... X46 API 5L
210 ... Y46 A381
21.3 213 213 187 ... Y50 A381
199 19.0 179 173 167 139 114 9.0 6.3 4.0 2.5 ce. . CC65 A671
199 19.0 179 173 167 139 114 9.0 6.3 4.0 2\5 1.6 1.0 CB65 A671
199 19.0 179 173 167 139 114 9.0 6.3 4.0 2.5 1.6 1.0 B65 A672
199 19.0 179 173 167 139 114 9.0 6.3 4.0 2.5 1.6 1.0 C65 A672
2p0 ... X52 API 5L
2p.0 Y52 A381
21.6 206 19.4 18.8 18.1 148 12.0 9.3 6.7 4.0 2.5 . . CC70 A671
21.6 20.6 19.4 18.8 18.1 148 12.0_(93 6.7 4.0 2.5 1.6 1.0 CB70 A671
21.6 206 19.4 188 18.1 14.8 120 +v9.3 6.7 4.0 2.5 1.6 1.0 B70 A672
21.6 206 19.4 18.8 18.1 148 .12.0 9.3 6.7 4.0 2.5 1.6 1.0 C70 A672
2p.8 217 20.4 19.8 183 148/ 12.0 ... . . . R . C A106
2p.7 227 224 219 183 .., Cb70 A671
2p.7 227 224 219 183 _ .. D70 A672
2p.7 227 224 219 183/\\.. e R e R . . .. CMSH-70 A691
2B.7 ... X56 API 5L
2B.7 ... Y56 A381
2p.8 217  20.4 198 19.1 15.7 12,6 9.3 6.7 4.0 2.5 1.6 1.0 CK75 A671
2p.8 217  20.4y19.8 19.1 157 126 9.3 6.7 4.0 2.5 1.6 1.0 N75 A672
2p.8 217 204, 198 19.1 15.7 12,6 9.3 6.7 4.0 2.5 1.6 1.0 CMS-75 A691
2.9 228,\21.5 208 196 ... CK75 A671
2.9 228V 215 208 196 ... N75 A672
2B.9 (2228 215 208 196 ... R . CMS-75 A691

163

Copyright ASME International
Provided by IHS under license with ASME Licensee=Methanex Corp/5975064001
No reproduction or networking permitted without license from IHS Not for Resale, 06/16/2015 06:19:47 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2014.pdf

(14)

ASME B31.3-2014

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
Class/ Min. s Mlnl; ksi Min.
Type/ UNS Condition/ Temp., Strength, ksi. Temp.
Material Spec. No. Grade No. Temper Size, in. P-No. (5) Notes °F (6) Tensile Yield to 100 200 300
Carbon Steel (Cont’d)
Pipes and Tubes (2) (Cont’d)
APl 5L X60 1 (51)(55)(71)(77) A 75 60 25.0 2504 25.0
API 5L X65 1 (51)(55)(71)(77) A 77 65 25.7(25.7 | 25.7
APl 5L X70 1 (51)(55)(71)(77) A 82 70 273 ,27.3]|27.3
API 5L X80 1 (51)(55)(71)(77) A 90 80 '30.0 30.0]30.0
A381 Y60 1 (51)(71) A 75 60) 25.0 25.0]25.0
Pipes (Structural Grade) (2)
A283 Gr. A A134 1 (8a)(8¢c) =20 45 24 15.0 14.7 |14.2
A1011 Gr. 30 A134 1 (8a)(8¢c) <20 49 30 16.3 16.3]16.3
A283 Gr. B A134 1 (8a)(8¢c) -20 50 27 16.7 16.5|15.9
A1011 Gr. 33 A134 1 (8a)(8¢) =20 52 33 173 17.3]|17.3
A1011 Gr. 36 A134 1 (8a)(8c) =20 53 36 17.7 17.7 (17.7
A1011 Gr. 40 A134 1 (8a)(8¢) -20 55 40 18.3 18.3]18.3
A36 Al134 1 (8a)(8¢) =20 58 36 19.3 19.3(19.3
A283 Gr. D Al134 1 (8a)(8¢c) -20 60 33 20.0 20.0]19.5
A1011 Gr. 45 Al134 1 (8a)(8¢c) -20 60 45 20.0 20.0120.0
A1011 Gr. 0 Al134 1 (8a)(8¢c) -20 65 50 21.7 21.7|21.7
Plates, Bprs, Shapes, and Sheets
g A285 A K01700 1 (57)(59) B 45 24 15.0 14.7 (14.2
A285 B K02200 1 (57)(59) B 50 27 16.7 16.5[15.9
A516 55 K01800 1 (57) C 55 30 18.3 18.3|17.7
A285~C K02801 1 (57)(59) A 55 30 18.3 18.3|17.7
A516 60 K02100 1 (57) C 60 32 20.0 19.5]18.9
A515 60 K02401 1 (57) B 60 32 20.0 19.5(18.9
A696 B K03200 1 (57) A 60 35 20.0 20.0]20.0
AS+6—65 k62463 3 &5 B 65 323 41 20.6
A51 65 K02800 1 (57) A 65 35 21.7 21.4 20.6
A516 70 K02700 1 (57) B 70 38 23.3 23.2 22.4
A515 70 K03101 1 (57) A 70 38 23.3 23.2 22.4
A696 C K03200 e . 1 (57) A 70 40 23.3 233 233
A537 K12437 1 < 21/2 thk. 1 D 70 50 23.3 23.3 228
A299 A K02803 > 1 thk. 1 (57) A 75 40 25.0 24.4 23.6
A299 A K02803 <1 thk. 1 (57) A 75 42 25.0 25.0 24.8
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

ASME B31.3-2014

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 [Note (1)]

Type/
400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 Grade Spec. No.
Carbon Steel (Cont’d)

Pipes and Tuhes (2) (Cont’d)

2b.0 X60 API 5L

2b.7 X65 API 5L

2Y.3 X70 API 5L

30.0 X80 API 5L
2b.0 Y60 A381
Pipes (Structural Grade) (2)

1B.7 Al134
16.3 Al134
Al134

1t.3 Al134
1y.7 Al134
18.3 Al134
19.3 Al134
.. Al134
20.0 A134
21.7 A134
Plates, Bars, Shapes, arld Sheets

1B.7 13.0 12.3 11.9 115 10.7 9.2 7.9 5.9 4.0 2.5 1.6 1.0 A A285
1b.4 14.7 13.8 13.3 12.5 10.7 9.2 7.9 5.9 4.0 2.5 1.6 1.0 B A285
1r.1 16.3 15.3 14.8 14.3 13.0 10.8 8.7 55 A516
1r.1 16.3 15.3 14.8 14.3 13.0 10.8 8.7 5.9 4.0 2.5 1.6 1.0 C A285
18.2 17 .4 16.4 15.8 15.3 13.9 11.4 8.7 . - e 60 A516
18.2 174 16.4 15.8 15.3 13.9 11.4 8.7 5.9 4.0 2.5 60 A515
19.9 1970 17.9 17.3 15.6 B A696
199¢ 190 179 173 167 139 114 90 A5 A516
19.9 19.0 17.9 17.3 16.7 13.9 11.4 9.0 6.3 4.0 2.5 65 A515
21.6 20.6 19.4 18.8 18.1 14.8 12.0 9.3 . e . 70 A516
21.6 20.6 19.4 18.8 18.1 14.8 12.0 9.3 6.7 4.0 2.5 70 A515
22.8 21.7 20.5 19.7 18.3 C A696
22.7 22.7 22.4 21.9 18.3 .1 A537
22.8 21.7 20.4 19.8 19.1 15.7 12.6 9.3 6.7 4.0 2.5 1.6 1.0 A A299
23.9 22.8 21.5 20.8 19.6 15.7 12.6 9.3 6.7 4.0 2.5 1.6 1.0 A A299
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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
Class/ Min. s Mlnl; ksi Min.
Type/ UNS Condition/ Temp., Strength, ksi. Temp.
Material Spec. No. Grade No. Temper Size, in. P-No. (5) Notes °F (6) Tensile Yield to 100 200 300
Carbon Steel (Cont’d)

Plates, Bars, Shapes_and Sheets (Structural)
A283 A K01400 . ce 1 80)(57) A 45 24 15.0 1474 14.2
A1011 30 K02502 C A 1 80)(57) A 49 30 16.3,716.3(16.3
A283 B K01702 e e 1 (80)(57) A 50 27 ‘16.7 16.5|15.9
A1011 33 K02502 e A 1 80)(57) A 52 33\, 173 17.3]|17.3
A1011 36 K02502 . A 1 80)(57) A 53 36 17.7 17.7 (17.7
A283 C K02401 . . 1 (80)(57) A 55 30 18.3 18.3|17.7
A1011 40 K02502 - - 1 80)(57) A 55 40 18.3 18.3]18.3
A36 . K02600 . . 1 (80) A 58 36 19.3 19.3(19.3
A283 D K02702 . R 1 80)(57) A 60 33 20.0 20.0(19.5
A1011 45 K02507 - - 1 80)(57) A 60 45 20.0 20.0]20.0
A1011 50 K02507 - - 1 (80)(57) A 65 50 21.7 21.7|21.7
A992 ... . . . 1 80)(57) A 65 50 19.9 19.9(19.9

Forgings [and Fittings (2)
A350 LF1 K03009 . . 1 9)(57)(59) =20 60 30 20.0 18.3]17.7
A181 ... K03502 60 . 1 9 (7)(59) A 60 30 20.0 18.3]|17.7
A420 WPL6 K03006 . N 1 (57) -50 60 35 20.0 20.0(20.0
A234 WPB K03006 o . 1 (57)(59) B 60 35 20.0 20.0(20.0
A350 LF2 K03011 1 c 1 9(57) =50 70 36 23.3 22.0(21.2
A350 LF2 K03011 2 R 1 9)(57) 0 70 36 23.3 22.0(21.2
A105 ... K03504 - ce 1 9)(57)(59) -20 70 36 23.3 22.0(21.2
A181 . K03502 70 . 1 9)(57)(59) A 70 36 23.3 22.0(21.2
A234  WRC K03501 Ce e 1 (57)(59) B 70 40 233 233|233

Castings|(2)
A216  WCA J02502 - R 1 (57) -20 60 30 20.0 18.3]17.7
A352 LCB J03003 - - 1 9)(57) -50 65 35 21.7 21.4(20.6
A352 LCC J02505 . . 1 9 =50 70 40 23.3 23.3(23.3
A216 WCB J03002 . . 1 9(57) -20 70 36 23.3 22.0 21.2
A216  WCC ]02503 - - 1 9)(57) -20 70 40 23.3 23.3 233

166

Copyright ASME International
Provided by IHS under license with ASME Licensee=Methanex Corp/5975064001
No reproduction or networking permitted without license from IHS Not for Resale, 06/16/2015 06:19:47 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2014.pdf

ASME B31.3-2014

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 [Note (1)]

Type/
400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 Grade Spec. No.

Carbon Steel (Cont’d)
Plates Bars _Shapes_and Sheets (Structural)

1.7 13.0 123 11.9 115 10.7 ... A A283
1.3 163 153 14.6 12,5 10.7 ... 30 A1011
1.4 147 13.8 133 125 107 ... B A283
1.3 173 16.9 14.6 12.5 10.7 ... 33 A1011
1y.7 17,7 177 146 125 10.7 ... 36 A1011
1r.1 16.3 153 148 143 13.0 ... C A283
183 183 183 183 156 13.0 ... 40 A1011
193 193 184 17.8 15.6 A36
188 179 169 163 158 139 ... D A283
20.0 20.0 20.0 200 169 139 ... . . ce - - . 45 A1011
217 217 217 205 169 139 ... 50 A1011
199 199 199 189 155 12.8 10.5 . A992

Forgings and Fittings (2)

1r.1 16.3 15.3 14.8 14.3 13.8 11.4 8.7 5.9 4.0 2.5 . . LF1 A350
1r.1 16.3 15.3 14.8 14.3 13.8 11.4 8.7 5.9 4.0 2.5 1.6 1.0 Cl. 60 A181
19.9 19.0 17.9 17.3 16.7 13.9 114 8.7 5.9 4.0 2.5 A e WPL6 A420
19.9 19.0 17.9 17.3 16.7 13.9 11.4 8.7 5.9 4.0 2.5 1.6 1.0 WPB A234
20.5 19.6 18.4 17.8 17.2 148 12.0 9.3 6.7 4.0 2.5 A . LF2 Cl. 1 A350
20.5 19.6 18.4 17.8 17.2 14.8 12.0 9.3 6.7 4.0 2.5 - - LF2 Cl. 2 A350
20.5 19.6 18.4 17.8 17.2 14.8 12.0 9.3 6.7 4.0 2.5 1.6 1.0 . A105
20.5 19.6 18.4 178 17.2 14.8 12.0 9.3 6.7 4.0 2.5 1.6 1.0 Cl. 70 A181
2p.8 21.7 20.4 19.8 18.3 14.8 12.0 A Ce e Ce Ce Ce WPC A234

Captings (2)
1r.1 16,3 15.3 14.8 14.3 13.8 11.4 8.7 5.9 4.0 2.5 1.6 1.0 WCA A216
19.9 19.0 17.9 17.3 16.7 13.9 11.4 9.0 6.3 4.0 2.5 1.6 1.0 LCB A352
2p.8 21.7 20.4 19.8 19.2 LCC A352
20.5 19.6 18.4 17.8 17.2 14.8 12.0 9.3 6.7 4.0 2.5 1.6 1.0 WCB A216
22.8 21.7 20.4 19.8 18.3 14.8 12.0 9.3 6.7 4.0 2.5 - - WCC 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

Specified Min.

Class/ Min. < h ksi Min.
Nominal Type/ UNS  Condition/ Size, Temp., _Strength, kst Temp.
Composition Spec. No. Grade No. Temper in. P-No. (5) Notes °F (6) Tensile Yield to 100 200

Low and Intermediate Alloy Steel

Pipes (2)
Y, Cr-Y5Mo A335 P2 K11547 T, 3 .. -20 55 30 18\3¢| 18.3
Y4Cr=Y,Mo A691  YHCR  K12143 3 (11)(67) -20 55 33 183 | 18.3

A387 Gr.|2 Cl. 1
Cc-%Mo A335 P1 K11522 3 (58) -20 55 N30 18.3 | 18.3
c-Y%Mo A369  FP1 K11522 3 (58) -20 55 30 18.3 | 18.3
YCr-Y,Mo A369  FP2 K11547 3 ... -20 55 30 18.3 | 18.3
1Cr-Y,Mo A691  1CR K11757 4 (11)(67) -20 55 33 18.3 | 18.3

A387 Gr.[12 Cl. 1
Y,Cr-YMo A426  CP2 J11547 3 (10) -20 60 30 18.4 | 17.7
1%Si-Y4M A335 P15 K11578 R, 3 . -20 60 30 18.8 | 18.2
1Y%,Si-YM A426  CP15  ]11522 AU 3 (10) -20 60 30 18.8 | 18.2
1Cr-Y%Mo A426  CP12 11562 e 4 (10) -20 60 30 18.8 | 18.3
5Cr-Y,Mo—1Y,Si A426  CP5b  J51545 el 5B (10) -20 60 30 18.8 | 17.9
3Cr-Mo A426  CP21  ]31545 e 5A (10) -20 60 30 18.8 | 18.1
%, Cr=/,Ni—Cu-Al A333 4 K11267 R, 4 . -150 60 35 20.0 | 19.1
2Cr-Y%Mo A369 FP3b  K21509 B, 4 . -20 60 30 20.0 | 18.5
1Cr-YMo A335 P12 K11562 e o 4 .. -20 60 32 20.0 | 18.7
1Cr-Y%Mo A369 FP12  K11562 T 4 . -20 60 32 20.0 | 18.7
1Y,Cr=-YM A335 P11 K11597 ~\% ... 4 .. -20 60 30 20.0 | 18.7
1Y,Cr-%M A369 FP11  K11597 ~. ... 4 e -20 60 30 20.0 | 18.7
1Y,Cr=-YMm A691 1Y, CR K11789 ee 4 11)(67) -20 60 35 20.0 | 20.0

A387 Gr.[11 Cl. 1
5Cr-Y,Mo A691  5CR K44545 cee 5B (11)(67) -20 60 30 20.0 | 181

A387 Gr.|5 Cl. 1
5Cr-YMo A335 B5 K41545 e 5B . -20 60 30 20.0 | 18.1
5Cr-Y,Mo-fSi A335,~\P5b K51545 e 58 e -20 60 30 20.0 | 18.1
5Cr-Y4Mo-Ti A335¢ P5¢ K41245 R, 5B e -20 60 30 20.0 | 18.1
5Cr-Y4Mo A369  FP5 K41545 e 58 e -20 60 30 20.0 | 18.1
9Cr-1Mo A335 P9 K90941 e 58 e -20 60 30 20.0 | 18.1
9Cr-1Mo A369  FP9 K90941 R, 5B - -20 60 30 20.0 | 18.1
9Cr-1Mo A691  9CR K90941 e 58 e -20 60 30 20.0 | 18.1

A387 Gr.lo-ei—=
3Cr-1Mo A335 P21 K31545 e 5A .. -20 60 30 20.0 18.7
3Cr-1Mo A369  FP21  K31545 B, 5A . -20 60 30 20.0 18.7
3Cr-1Mo A691  3CR K31545 B, 5A (11)(67) -20 60 30 20.0 18.5

A387 Gr. 21 Cl. 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 [Note (1)]

Type/
300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade Spec. No.

Low and Intermediate Alloy Steel

Pipes (2)
17.5 |16.9 16.3 15.7 15.4 15.1 13.8 13.5 13.2 12.8 9.2 5.9 Ce A A ... P2 A335
18.3 |[18.3 179 17.3 16.9 16.6 13.8 13.8 13.4 128 9.2 5.9 Ce . - AW A691
17.5 |16.9 16.3 15.7 15.4 15.1 13.8 13.5 13.2 12.7 8.2 4.8 4.0 2.4 A L, NPT A335
17.5 |16.9 16.3 15.7 15.4 15.1 13.8 13.5 13.2 12.7 8.2 4.8 4.0 2.4 A 5..) FP1 A369
17.5 |16.9 16.3 15.7 15.4 15.1 13.8 13.5 13.2 12.8 9.2 5.9 4.0 2.4 A W, . FP2 A369
18.3 |[18.3 179 17.3 16.9 16.6 16.3 159 15.4 14.0 11.3 7.2 4.5 2.8 1.8 1.1  1CR A691
17.0 [16.3 15.6 149 14.6 14.2 13.9 13.5 13.2 12.5 10.0 6.3 4.0 24 A ... CP2 A426
17.6 |17.0 16.5 15.9 15.6 15.3 15.0 14.4 13.8 12.5 10.0 6.3 4.0 2% Ce ... P15 A335
17.6 |17.0 16.5 159 15.6 15.3 15.0 14.4 13.8 12.5 10.0 6.3 4.0 2.4 - ... (P15 A426
17.6 |17.1 16.5 15.9 15.7 15.4 15.1 14.8 14.2 13.1 11.3 7.2 4.5 2.8 1.8 1.1 CP12 A426
17.1 |16.2 15.4 145 14.1 13.7 13.3 12.8 12.4 109 9.0 5% 3.5 2.5 1.8 1.2 CP5b A426
17.4 116.8 16.1 15.5 15.2 14.8 14.5 13.9 13.2 12.0 9.0 7;0 5.5 4.0 2.7 1.5 (P21 A426
18.2 [17.3 16.4 15.5 15.0 ... 4 A333
17.5 |16.4 16.3 15.7 15.4 15.1 13.9 13.5 13.1 12.5 (10.0 6.2 4.2 2.6 1.4 1.0 FP3b A369
18.0 |17.5 17.2 16.7 16.2 15.6 15.2 15.0 14.5_@2.8 11.3 7.2 4.5 2.8 1.8 1.1 P12 A335
18.0 |17.5 17.2 16.7 16.2 15.6 15.2 15.0 14.5 12.8 11.3 7.2 4.5 2.8 1.8 1.1 FP12 A369
18.0 |17.5 17.2 16.7 16.2 15.6 15.2 150" 414.5 12.8 9.3 6.3 4.2 2.8 1.9 1.2 P11 A335
18.0 |17.5 17.2 16.7 16.2 15.6 15.2 15.0714.5 12.8 9.3 6.3 4.2 2.8 1.9 1.2 FP11 A369
20.0 (19.7 18.9 183 18.0 17.6 173\16.8 163 15.0 9.9 6.3 4.2 2.8 1.9 1.2 11/4CR A691
17.4 (172 17.1 16.8 16.6 16.3 ~13.2 12.8 12.1 10.9 8.0 5.8 4.2 2.8 2.0 1.3 5CR A691
17.4 |17.2 171 16.8 166/ 16.3 13.2 12.8 12.1 109 8.0 5.8 4.2 2.9 1.8 1.0 P5 A335
17.4 (172 17.1 16.8416.6 16.3 13.2 12.8 12.1 109 8.0 5.8 4.2 2.9 1.8 1.0 P5b A335
17.4 117.2 171 16:8¢ 16.6 16.3 13.2 12.8 12.1 10.9 8.0 5.8 4.2 2.9 1.8 1.0 P5c A335
17.4 |17.2 171 6.8 16.6 16.3 13.2 12.8 12.1 109 8.0 5.8 4.2 2.9 1.8 1.0 FP5 A369
17.4 |17.2 1A 16.8 16.6 16.3 13.2 12.8 12.1 11.4 10.6 7.4 5.0 3.3 2.2 1.5 P9 A335
17.4 |17.22.37.1 16.8 16.6 16.3 13.2 12.8 12.1 11.4 10.6 7.4 5.0 3.3 2.2 1.5 FP9 A369
17.4 |17:2:717.1 16.8 16.6 16.3 13.2 12.8 12.1 11.4 10.6 7.4 5.0 3.3 2.2 1.5 9CR A691
18.0 175 17.2 16.7 16.2 15.6 15.2 15.0 14.0 12.0 9.0 7.0 5.5 4.0 2.7 1.5 P21 A335
18.0 17.5 17.2 16.7 16.2 15.6 15.2 15.0 14.0 12.0 9.0 7.0 5.5 4.0 2.7 1.5 FP21 A369
18.1 179 179 179 179 179 179 17.8 14.0 12.0 9.0 7.0 5.5 4.0 2.7 1.5 3CR A691

169

Copyright ASME International
Provided by IHS under license with ASME Licensee=Methanex Corp/5975064001
No reproduction or networking permitted without license from IHS Not for Resale, 06/16/2015 06:19:47 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2014.pdf

ASME B31.3-2014

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.

Class/ Min. s h ksi Min.
Nominal Type/ UNS Condition/ Size, Temp., _Strength, ksi Temp.
Composition Spec. No. Grade No. Temper in. P-No. (5) Notes °F (6) Tensile Yield to 100 200
Low and Intermediate Alloy Steel (Cont’d)
Pipes (2)(Cont’d)
2%Cr—lMo A691 21/4CR K21590 - A 5A 11)(67)(72)(75) =20 60 30 20.0¢| 18.5
A387 Gr.[22 Cl. 1
21/;,Cr—1Mo A369 FP22 K21590 - A 5A (72)(75) =20 60 30 20.0 | 18.5
21/,,Cr—1Mo A335 P22 K21590 A - 5A (72)(75) -20 60 30 20.0 | 18.5
2Ni-1Cu A333 9 K22035 A e 9A . -100 63 46 21.0
2Ni-1Cu A334 9 K22035 ce A 9A e -100 63 46 21.0
21/4Ni A333 7 K21903 A R 9A ce -100 65 35 21.7 | 19.6
21/,,Ni A334 7 K21903 e . 9A . —100 65 35 21.7 | 19.6
31/2Ni A333 3 K31918 A . 9B . -150 65 35 21.7 | 19.6
31/2Ni A334 3 K31918 . - 9B - -150 65 35 21.7 | 19.6
C—l/zMo A426 CP1 J12521 . RN 3 (10)(58) =20 65 35 21.7 | 21.7
C—Mo A204 Gr. A A672 L65 K11820 . - 3 ) (58)(67) =20 65 37 21.7 | 21.7
C—Mo A204 Gr. A A691 CM65 K11820 A . 3 (11)(58)(67) -20 65 37 21.7 | 21.7
21/£,Ni A203 Gr. B A671 CF70 K22103 e e 9A (11)(65)(67) -20 70 40 23.3
31/2'Ni A203 Gr. E A671 CF71 K32018 - - 9B (11)(65)(67) -20 70 40 23.3
C—Mo A204 Gr. B A672 L70 K12020 . o ( 3 (11)(58)(67) -20 70 40 23.3 | 23.3
C-Mo A204 Gr. B A691 CM70 K12020 e A 3 (11)(58)(67) =20 70 40 23.3 | 23.3
1Y,Cr-YMm A426  CP11 12072 20\ 4 (10) -20 70 40 23.3 | 23.3
21/4Cr—1M0 A426 CP22  J21890 s R 5A 10)(72) -20 70 40 23.3 | 23.3
C—Mo A204 Gr. C A672 L75 K12326, e . 3 (11)(58)(67) -20 75 43 25.0 | 25.0
C-Mo A204 Gr. C A691 CM75 K12320 . R 3 (11)(58)(67) =20 75 43 25.0 | 25.0
9Cr-1Mo- A335 P91 K90901 A < 3 thk. 15E ce -20 85 60 28.3 | 28.3
9Cr-1Mo- A691 P91 K90901 . < 3 thk. 15E . -20 85 60 28.3 | 28.3
SCr—l/zMo A426 €P5 142045 A . 5B (10) -20 90 60 30.0 | 28.0
9Cr-1Mo A426 CP9 }82090 . R 5B (10) =20 90 60 30.0 | 22.5
INi A333 8 K81340 . R 11A 47) -320 100 75 31.7 | 31.7
INi A334 8 K81340 . . 11A Ce -320 100 75 31.7 | 31.7
Plates
hCr-Y5Mo A387 2 K12143 1 .. 3 .. -20 55 33 18.3 18.3
1Cr-Y%Mo A387 12 K11757 1 . 4 . -20 55 33 18.3 18.3
9Cr-1Mo A387 9 K90941 1 . 5 A -20 60 30 20.0 18.1
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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 [Note (1)]

Type/
300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade Spec. No.

Low and Intermediate Alloy Steel (Cont’d)
Pipes (2) (Cont’d)

18.0 |17.9 179 179 179 179 179 17.8 14,5 128 10.8 7.8 5.1 3.2 2.0 1.6 21/4CR A691
18.0 |17.9 179 179 179 179 179 17.8 14,5 128 10.8 7.8 5.1 3.2 2.0 1.6  FP22 A369
18.0 |17.9 179 179 179 179 179 17.8 145 12.8 10.8 7.8 5.1 3.2 2.0 1.6 P22 A335
9 A333

9 A334

19.6 [18.7 17.6 16.8 16.3 15.5 13.9 11.4 9.0 6.5 4.5 2.5 1.6 1.0 AN R4 A333
19.6 |18.7 17.6 16.8 16.3 155 13.9 11.4 9.0 6.5 4.5 2.5 1.6 1.0 J. . R4 A334
19.6 |18.7 17.8 16.8 16.3 155 13.9 11.4 9.0 6.5 4.5 2.5 1.6 10 . R A333
19.6 |18.7 17.8 16.8 16.3 155 139 11.4 9.0 6.5 4.5 2.5 1.6 1.0 - ... 3 A334
21.7 (21.7 21.3 20.7 20.4 20.0 16.3 15.7 14.4 12.5 10.0 6.3 4.0 2.4 A ... CP1 A426
21.7 (20.7 20.0 19.3 19.0 18.6 16.3 15.8 15.3 13.7 8.2 438 4.0 2.4 - ... Lé5 A672
21.7 (20.7 20.0 19.3 19.0 18.6 16.3 15.8 15.3 13.7 8.2 4,8 4.0 2.4 . ... CM65 A691
CF70 A671

CF71 A671

23.3 |[22.5 21.7 20.9 20.5 20.1 175 17.5 17.1_4a3.7 8.2 4.8 4.0 2.4 - ... L7o A672
23.3 |22.5 21.7 20.9 20.5 20.1 17,5 17.5 17.1 3.7 8.2 4.8 4.0 2.4 . ... (CMm70 A691
23.3 [23.3 229 223 21.6 20.9 155 15.0° M4.4 13.7 9.3 6.3 4.2 2.8 1.9 1.2 (P11 A426
23.3 (23.3 229 223 21.6 209 17.5 17.516.0 14.0 11.0 7.8 5.1 3.2 2.0 1.2 (CP22 A426
25.0 [24.1 23.3 22,5 22.1 21.7 188\718.8 18.3 13.7 8.2 4.8 4.0 2.4 ce ... L7s A672
25.0 |24.1 23.3 22.5 221 21.7.188 18.8 18.3 13.7 8.2 4.8 4.0 2.4 . ... (CMm75 A691
28.3 [28.2 28.1 27.7 27.3 26.7 259 249 23.7 22.3 20.7 18.0 14.0 10.3 7.0 4.3 P91 A335
28.3 [28.2 28.1 27.7 27,3\26.7 25.9 249 23.7 223 20.7 18.0 14.0 10.3 7.0 4.3 P91 A691
26.1 [24.1 22.1 20.1419.0 17.5 16.0 14.5 12.8 10.4 7.6 5.6 4.2 3.1 1.8 1.0 CP5 A426
22.5 |22.5 22.5 2254 22.5 22.0 21.0 19.4 17.3 15.0 10.7 8.5 5.5 3.3 2.2 1.5 CP9 A426
8 A333

8 A334

Plates

18.3 18.3 17.9 17.3 16.9 16.6 13.8 13.8 13.4 12.8 9.2 5.9 . . . ... 2CL1 A387
18.3 183 17.9 17.3 16.9 16.6 16.3 159 15.4 14.0 11.3 7.2 4.5 2.8 1.8 1.1 12Cl1 A387
17.4 17.2 171 16.8 16.6 16.3 13.2 128 12.1 11.4 10.6 7.4 5.0 3.3 2.2 1.5 9C.1 A387
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(14) 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.

Class/ Min. s h ksi Min.
Nominal Type/ UNS Condition/ Size, Temp., _Strength, ksi Temp.

Composition Spec. No. Grade No. Temper in. P-No. (5) Notes °F (6) Tensile Yield to 100 200

Low and Intermediate Alloy Steel (Cont’d)
Plates (Cpnt’d)
1Y,Cr-Y4M A387 11 K11789 1 4 e -20 60 35 2010¢| 20.0
5Cr-Y,Mo A387 5 K41545 1 5B e -20 60 30 20:0 | 18.1
3Cr-1Mo A387 21 K31545 1 5A e -20 60 30 20.0 | 18.5
2Y,Cr—1Mo| A387 22 K21590 1 5A 72 -20 60 30 20.0 | 18.5
2YuNi A203 A K21703 e 9A (12)(65) -20 65 ) 37 21.7 | 19.6
3YNi A203 D K31718 e 9B (12)(65) -20 65 37 21.7 | 19.6
Cc-%5Mo A204 A K11820 e 3 (58) =20 65 37 21.7 | 21.7
1Cr-Y,Mo A387 12 K11757 2 e 4 e =20 65 40 21.7 | 21.7
2Y,Ni A203 B K22103 e 9A (12)(65) -20 70 40 23.3 ] 21.1
3YNi A203 E K32018 e 9B (12)(65) -20 70 40 23.3 | 211
Y4Cr=Y,Mo A387 2 K12143 2 .. 3 - -20 70 45 23.3 | 17.5
C-%;Mo A204 B K12020 e 3 (58) -20 70 40 23.3 | 23.3
Cr-Mn-Si A202 A K11742 e 4 e -20 75 45 25.0 | 23.9
Mn-Mo A302 A K12021 e 3 .. -20 75 45 25.0 | 25.0
C-¥;Mo A204 C K12320 e 3 (58) -20 75 43 25.0 | 25.0
1Y,Cr-Y4Mm A387 11 K11789 2 4 ... -20 75 45 25.0 | 25.0
5Cr-%Mo A387 5 K41545 2 5B . -20 75 45 25.0 | 24.9
3Cr-YMo A387 21 K31545 2 5A .. -20 75 45 25.0 | 25.0
2Y,Cr-1Mo| A387 22 K21590 2 5A (72) -20 75 45 25.0 | 25.0
Mn-Mo A302 B K12022 ~ . 3 . -20 80 50 26.7 | 26.7
Mn-Mo-Ni A302 C K12039 e 3 . -20 80 50 26.7 | 26.7
Mn-Mo-Ni A302 D K1205% e 3 e -20 80 50 26.7 | 26.7
Cr—-Mn-Si A202 B K12542 e 4 e -20 85 47 28.4 | 27.1
9Cr—1Mo- A387 91 K50901 2 <3thk. 15E ... -20 85 60 28.3 | 28.3
8Ni A553 K71340 R, 11A  (47) -275 100 85 31.7 | ...
5Ni A645,~ A K41583 e 11A ... -275 95 65 31.7 | 31.6
9Ni A553 | K81340 e 11A  (47) -320 100 85 31.7 | 31.7
9Ni A353 ... K81340 e 11A  (47) -320 100 75 31.7 | 31.7
Forgings [and Fittings (2)
c-Y,Mo A234  WP1  K12821 el 3 (58) -20 55 30 18.3 | 18.3
1Cr-Y,Mo A182  F12 K11562 1 - 4 ©) -20 60 32 20.0 19.3
1Cr-Y5Mo A234  WP12 K12062 1 e 4 e -20 60 32 20.0 19.3
1Y,cr-Y%Mo A182 F11 K11597 1 ... 4 ) -20 60 30 20.0 18.7
1Y,Cr-%Mo A234  WP11 K11597 1 . 4 ... -20 60 30 20.0 18.7
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d) (14)
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 [Note (1)]

Type/
300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade Spec. No.

Low and Intermediate Alloy Steel (Cont’d)
Plates (Cont’d)

20.0 |19.7 18.9 183 18.0 17.6 173 16.8 163 13.7 9.3 6.3 4.2 2.8 1.9 1.2 11ClL % A387
17.4 117.2 17.1 16.8 16.6 16.3 13.2 128 121 109 8.0 5.8 4.2 2.9 1.8 1.0 5C.a A387
18.1 (179 179 179 179 179 179 17.8 140 12.0 9.0 7.0 5.5 4.0 2.7 1.5 21'%l,1 A387
18.0 |17.9 179 179 179 179 179 17.8 145 12.8 10.8 8.0 5.7 3.8 2.4 1.4 922ClL1 A387
19.6 |16.3 16.3 163 16.3 155 139 114 9.0 6.5 45 2.5 . . . 5. ) A A203
19.6 |16.3 16.3 16.3 16.3 155 139 114 9.0 6.5 4.5 2.5 . . . .. D A203
21.7 |20.7 20.0 19.3 19.0 18.6 16.3 158 153 13.7 8.2 4.8 4.0 2.4 N ... A A204
21.7 |21.7 21.7 209 20.5 20.1 19.7 19.2 18.7 18.0 11.3 7.2 4.5 2.8 1.8 1.1 12CL 2 A387
21.1 |17.5 17.5 17.5 17,5 16.6 148 120 93 6.5 4.5 2.5 . 0)- . ... B A203
21.1 |17.5 17.5 175 17.5 16.6 148 12.0 9.3 6.5 45 2.5 o . . ... E A203
17.5 |17.5 17.5 17.5 17.5 17.5 17.5 17.5 16.8 14.5 10.0 6.3 <$- - . . oo 2CL2 A387
23.3 |22.5 21.7 209 20.5 20.1 175 17.5 17.1 13.7 8.2 4.8 4.0 2.4 . ... B A204
22.8 |21.6 20.5 19.3 18.8 17.7 157 120 78 50 3.0 1,5 A A202
25.0 |25.0 25.0 25.0 25.0 25.0 183 17.7 16.8 13.7 8.2 4.8 e e A A302
25.0 |24.1 23.3 225 221 21.7 188 188 183 13.7 8% 4.8 4.0 2.4 C A204
25.0 |25.0 24.3 23.5 23.1 227 222 21.6 21.1 132\ 9.3 6.3 4.2 2.8 1.9 1.2 11Cl2 A387
24.2 (241 23.9 23.6 23.2 228 16.5 16.0 15.1,_4d0.9 8.0 5.8 4.2 2.9 1.8 1.0 5Cl.2 A387
24.5 1241 23.9 23.8 23.6 23.4 23.0 225 19.0 '13.1 9.5 6.8 4.9 3.2 2.4 1.3 21ClL2 A387
24.5 |24.1 23.9 23.8 23.6 23.4 23.0 225 .2I.8 17.0 11.4 7.8 5.1 3.2 2.0 1.2 22CL2 A387
26.7 |26.7 26.7 26.7 26.7 26.7 19.6 18.8<17.9 137 8.2 4.8 . . . ... B A302
26.7 |26.7 26.7 26.7 26.7 26.7 19.6 \\188 17.9 13.7 8.2 4.8 . . . ... C A302
26.7 |26.7 26.7 26.7 26.7 26.7 19%\"18.8 17.9 137 8.2 4.8 . . . ... D A302
25.8 |24.5 23.2 21.9 213 198 7.7 120 78 50 3.0 1.5 . . . ... B A202
28.3 |28.2 28.1 27.7 27.3 ,26.7 259 249 237 223 207 180 140 103 7.0 43 91Cl 2 A387
Il A553

A A645

I A553

A353

Forgings and Fittings (2)

17.5 1169 16.3 15.7 15.4 15.1 13.8 13.5 13.2 12.7 8.2 4.8 4.0 2.4 c.. ... WP1 A234

18.1 173 16.7 16.3 16.0 15.8 155 153 149 145 113 7.2 4.5 2.8 1.8 1.1 F12Cl1 A182

18.1 17.3 16.7 16.3 16.0 15.8 15.5 153 149 145 11.3 7.2 4.5 2.8 1.8 1.1 WP12Cl 1 A234

18.0 17.5 17.2 16.7 16.2 15.6 152 150 14.5 128 9.3 6.3 4.2 2.8 1.9 1.2 F1c.1 A182

18.0 17.5 17.2 16.7 16.2 15.6 152 150 145 128 93 6.3 4.2 2.8 1.9 1.2 WP11Cl 1 A234
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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.

Class/ Min. < h ksi Min.

Nominal Type/ UNS Condition/ Size, Temp., _Strength, ksi. Temp.
Composition Spec. No.  Grade No. Temper in. P-No. (5) Notes °F (6) Tensile Yield to 100 200

Low and Intermediate Alloy Steel (Cont’d)
Forgings and Fittings (2) (Cont’d)

Zl/z,Cr—lMo A182 F22 K21590 1 C. 5A 9)(72)(75) -20 60 30 20,0 18.5
21/4Cr—1M0 A234  WP22 K21590 1 R 5A (72) -20 60 30 20.0] 18.5
SCr—l/zMo A234  WP5 K41545 . e 5B - -20 60 30 20.0] 18.1
9Cr-1Mo A234  WP9 K90941 . A 5B - -20 60 30 20.0] 18.1

31/2Ni A420  WPL3 K31918 e . 9B e -150 65 35 21.7

31/2Ni A350 LF3 K32025 A . 9B 9 =150 70 37.5 233
YhCr-Y5Mo A182 F2 K12122 e 3 © -20 70 40 23.3| 23.3
C—l/zMo A182 F1 K12822 . - 3 9)(58) =20 70 40 23.3| 23.3
1Cr—1/2Mo A182 F12 K11564 2 - 4 ) -20 70 40 23.3| 23.3
1Cr—l/2Mo A234 WP12 K12062 2 . 4 N - -20 70 40 23.3] 23.3
11/4Cr—1/2M A182 F11 K11572 2 Ce 4 ) =20 70 40 23.3] 23.3
1Y,Cr-%M A234  WP11 K11572 2 . 4 ... -20 70 40 23.3| 23.3
5Cr—1/2M0 A182 F5 K41545 . - 5B ) -20 70 40 23.3] 23.3
3Cr-1Mo A182 F21 K31545 . ... 5A ) -20 75 45 25.01 25.0
21/,,Cr—1Mo A182 F22 K21590 3 A 5A 972 -20 75 45 25.01 25.0
2%Cr—1Mo A234 WP22 K21590 3 . 5A 72) -20 75 45 25.01 25.0
9Cr-1Mo A182 F9 K90941 e . 5B 9) -20 85 55 28.3] 28.3
9Cr-1Mo- A182 F91 K9090.1 - < 3 thk. 15E - -20 85 60 28.3] 28.3
9Cr-1Mo- A234  WP91 K90901 . < 3 thk. 15E .. =20 85 60 28.3| 28.3
SCr—l/zMo A182 F5a Ké2544 e e 5B 9 -20 90 65 30.0( 29.9
INi A420  WPL8 K81340 - - 11A (47) -320 100 75 33.3| 33.3

Castings|(2)
C—l/2M0 A352 LC1 J12522 . e 3 9)(58) =75 65 35 21.7] 21.5
C—1/2M0 A217 WC1 ]12524 . . 3 9)(58) -20 65 35 21.7] 21.5
21/2Ni A352 LC2 ]22500 e . 9A 9) -100 70 40 23.3| 17.5
31/2Ni A352 LC3 J31550 - . 9B 9 -150 70 40 23.3| 17.5
Ni—Cr—l/QM A217 WC4 ]12082 . - 4 9) -20 70 40 23.3] 23.3
Ni—=Cr—=1Mo A217 (S 22000 4 (Q) =20 Z0 40 2331 233
1Y,Ccr-%Mo A217  WC6 112072 el 4 9) -20 70 40 23.3 23.3
21/4Cr—1Mo A217  WC9 ]21890 e - 5A 9 =20 70 40 23.3 23.3
5Cr—1/2M0 A217 (5 142045 e A 5B 9 -20 90 60 30.0 29.9
9Cr-1Mo A217 C12 182090 e A 5B 9 -20 90 60 30.0 29.9
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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 [Note (1)]

Type/
300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200 Grade Spec. No.

Low and Intermediate Alloy Steel (Cont’d)
Forgings and Fittings (2) (Cont’d)

18.0 (17.9 179 179 179 179 179 17.8 14.5 12.8 10.8 7.8 5.1 3.2 2.0 1.2 F22C. 4 A182
18.0 |17.9 179 179 179 179 179 17.8 145 12.8 10.8 7.8 5.1 3.2 2.0 1.2 WP22¢€lL1 A234
17.4 |17.2 17.1 16.8 16.6 163 13.2 128 121 109 8.0 5.8 4.2 2.9 1.8 1.0 WP5 A234
17.4 |17.2 17.1 16.8 16.6 163 13.2 128 12.1 11.4 10.6 7.4 5.0 3.3 2.2 15, “WP9 A234

WPL3 A420

LF3 A350
23.3 |22.5 21.7 209 205 20.1 175 17.5 17.1 15.0 9.2 5.9 . X . ... FR2 A182
23.3 |22.5 21.7 209 20.5 20.1 175 17.5 17.1 13.7 8.2 4.8 4.0 2.4 ce. ... R A182
23.3 |22.5 21.7 20.9 20.5 20.1 19.7 19.2 18.7 18.0 11.3 7.2 74,5 2.8 1.8 1.1 F12Cl 2 A182

23.3 |22.5 21.7 209 20.5 20.1 19.7 19.2 18.7 18.0 11.3 7.2 4.5 2.8 1.8 1.1 WP12Cl 2 A234

23.3 |22.5 21.7 20.9 20.5 20.1 19.7 19.2 187 13.7 9.3 6.3 4.2 2.8 1.9 1.2 F11ClL 2 A182
23.3 |22.5 21.7 20.9 20.5 20.1 19.7 19.2 187 13.7 93 6.3 4.2 2.8 1.9 1.2 WP11 Cl. 2 A234

22.6 |22.4 22.4 22,0 21.7 213 154 14.8 141 109 <80 5.8 4.2 2.9 1.8 1.0 F5 A182
24,5 1241 23.9 23.8 23.6 23.4 23.0 225 19.0 13.1* 9.5 6.8 4.9 3.2 2.4 1.3 21 A182
24,5 1241 23.9 23.8 23.6 23.4 23.0 225 2N18.17.0 11.4 7.8 5.1 3.2 2.0 1.2 F22Cl.3 A182

24.5 1241 23.9 23.8 23.6 23.4 23.0 225218 17.0 11.4 7.8 5.1 3.2 2.0 1.2 WP22Cl 3 A234

27.5 |27.2 27.1 26.8 263 258 18.7_18.1 17.1 16.2 11.0 7.4 5.0 3.3 2.2 1.5 F9 A182
28.3 |28.2 28.1 27.7 27.3 26.7 259.\249 237 223 20.7 18.0 140 103 7.0 43 P91 A182
28.3 |28.2 28.1 27.7 273 26.7 259°249 237 223 207 180 140 103 7.0 4.3  WP91 A234
29.1 |28.9 28.7 283 279 27.3(19.8 19.1 143 109 8.0 5.8 4.2 2.9 1.8 1.0 F5a A182

WPLS8 A420

Captings (2)

20.5 |19.7 18.9 183~18.0 176 ... ... ... ... ... R ) A352
20.5 |19.7 18.9 18.3¢ 18.0 17.6 16.2 158 153 13.7 8.2 4.8 4.0 2.4 . ... wa A217
17.5 |(17.5 175N\17.5 175 ... ... ... .. ... ... ... LC2 A352
17.5 (17.5 TA57 175 175 ... ... ... .. .. .. ... a3 A352
23.3 |22:5+21.7 20.9 20.5 20.1 175 17.5 17.1 15.0 9.2 5.9 . . . ... WC4 A217
233 225 217 209 205 201 175 175 171 163 11.0 6.9 4.6 2.8 WCS A217
23.3 225 21.7 20.9 20.5 20.1 19.7 19.2 187 145 11.0 6.9 4.6 2.8 2.5 1.3 WCé A217
23.1 22,5 22.4 224 222 219 215 21.0 19.8 17.0 11.4 7.8 5.1 3.2 2.0 1.2 WC9 A217
29.1 28.9 28.7 283 279 273 19.8 19.1 143 109 8.0 5.8 4.2 2.9 1.8 1.0 G5 A217
29.1 28.9 28.7 283 279 273 19.8 19.1 182 16.5 11.0 7.4 5.0 3.3 2.2 1.5 (12 A217
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(14) 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.

Class/ Min. s i Min.

Product Spec. Type/  UNS Condition/ P-No. Temp., _Strength, ksi. Temp.
Material Form No.  Grade No. Temper  Size, in.  (5) Notes °F(6) Tensile Yield to 100 200 300 400

Stainless Steel (3)(4a)
Pipes and Tubes )

18Cr-10Ni-Ti Smls. pipe A312 TP321 $32100 > 3/3 thk. 8 (30)36) -425 70 25 167 167 \I6) 16.7
18Cr-10Ni-Ti Pipe A376 TP321 532100 e > 3/g thk. 8 (30)36) -425 70 25 167 (67°16) 16.7
18Cr-8Ni Tube A213 TP304L  S30403 8 (14)(36) =425 70 25 167 Y16.7 16} 15.8
18Cr-8Ni Tube A269 TP304L  S30403 8 (14)(36) -425 70 25) 167 16.7 16)7 15.8
18Cr-8Ni Pipe A312 TP304L  S30403 8 -425 70 25+ 16.7 16.7 16}/ 15.8
A240 Type 30hL Pipe A358 304L 530403 8 (36) -425 708/25 167 16.7 16) 15.8
16Cr-12Ni-2Mo Tube A213 TP316L S31603 8 (14)(36) =425 700 25 16.7 16.7 16) 15.7
16Cr-12Ni-2Mo Tube A269 TP316L S31603 8 (14)(36) -425 70 25 167 16.7 16) 15.7
16Cr-12Ni-2Mo Pipe A312 TP316L S31603 8 A -425 70 25 16.7 16.7 16} 15.7
A240 Type 31pL Pipe A358 316l 531603 8 (36) =425 70 25 167 16.7 16) 15.7
16Cr-12Ni-2Mo-Ti Tube A213 TP316Ti S31635 8 (30) 2325 75 30 20.0 20.0 20 19.3
18Cr-10Ni-Ti Smls. pipe  A312 TP321 532100 e > 3/g thk. 8 (28)(30)(36) -425 70 25 167 16.7 16) 16.7
18Cr-10Ni-Ti Pipe A376 TP321 $32100 e 3/3 thk. 8 (28)(30)(36) -425 70 25 167 16.7 16) 16.7
18Cr-10Ni-Ti Smls. pipe  A312 TP321H S$32109 e > 3/g thk. 8 (30)36) -325 70 25 167 16.7 16) 16.7
18Cr-10Ni-Ti Pipe A376 TP321H S32109 e > 3/3 thk. 8 -325 70 25 167 16.7 16) 16.7
23Cr-13Ni s A451 CPH8 193400 8 (26)(28)(35) -325 65 28 187 187 18} 18.0
25Cr-20Ni A451  CPK20  ]94202 8 22)(28)(35)(39) -325 65 28 187 187 18} 18.0

11Cr-Ti Tube A268  TP409 540900 7 (35) -20 60 30 20.0

18Cr-Ti Tube A268 TP430Ti S43036 7 (35)(49) -20 60 40 20.0

15Cr-13Ni-2Mo-Cb .. A451  CPF1OMC ... 8 (28) -325 70 30 20.0

16Cr-8Ni-2Mp Pipe A376 16-8-2H S16800 8 (26)(31)(35) -325 75 30 20.0
12Cr-Al Tube A268  TP405 S40500 7 (35) -20 60 30 20.0 20.0 196 19.3
13Cr Tube A268 TP410 S41000 A, ... 6 (35) =20 60 30 20.0 20.0 196 19.3
16Cr Tube A268  TP430 S430Q00 oo e 7 (35)(49) -20 60 35 20.0 20.0 196 193
18Cr-13Ni-3Mo Pipe A312 TP317L $31703 cee 8 e -325 75 30 20.0 20.0 20p 18.9
25Cr-20Ni Pipe A312 TP310 /.. cee e 8 (28)(35(39) -325 75 30 20.0 20.0 20p 20.0
A240 Type 31pS e A358 310S 531008 e 8 (28)(31)(35)(36) -325 75 30 20.0 20.0 20p 20.0
25Cr-20Ni Pipe A409__TP310 531000 e 8 (28)(31)(35)(36)(39) -325 75 30 20.0 20.0 20p 20.0
18Cr-10Ni-Ti Smls. & A312,VTP321 $32100 ... < 3/8 thk. 8 (30) -425 75 30 20.0 20.0 20p 20.0

wld. pipé
18Cr-10Ni-Ti Pipe A358 321 $32100 8 (30)(36) -425 75 30 20.0 20.0 20p0 20.0
18Cr-10Ni-Ti Pipe A376 TP321 532100 ... £ 3/8 thk. 8 (30 -425 75 30 20.0 20.0 20p 20.0
18Cr-10Ni-Ti Pipé A409 TP321 $32100 8 (30)(36) -425 75 30 20.0 20.0 20)0 20.0
23Cr-12Ni Pipe A312 TP309 8 (28)(35)(39) -325 75 30 20.0 20.0 20p 20.0
A240 Type 30pS . A358 309S 530908 8 (28)(31)(35)(36) -325 75 30 20.0 20.0 20p0 20.0
23Cr-12Ni Pipe A409—FR369 $36966 g 2HHE5H36H3 325 FH—30—20:0—20-6—260 20.0
18Cr-8Ni A451  CPF8 192600 8 (26)(28) -425 70 30 20.0 20.0 20.0 18.6
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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, ksi, at Metal Temperature, °F [Note (1)]

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 (3)(4a)

Pipes and Tubes )
16.1 15.2 149 14.6 143 141 139 138 13.6 13.5 9.6 6.9 5.0 3.6 2.6 1.7 1.1 0.8 0.5 0.3 ) TP3121 A312
16.1 152 149 146 143 141 139 13.8 13.6 135 9.6 6.9 5.0 3.6 2.6 1.7 1.1 0.8 0.5 03y, TP311 A376
14.7 14.0 13.7 13,5 133 13.0 128 126 123 120 6.3 5.1 4.0 3.2 2.6 2.1 1.7 1.1 1.0 09  TP3Q4L A213
14.7 14.0 13.7 13,5 133 13.0 128 126 123 120 6.3 5.1 4.0 3.2 2.6 2.1 1.7 1.1 1.0 0.9 TP3¢4L A269
14.7 14.0 13.7 13,5 133 13.0 128 126 123 120 6.3 5.1 4.0 3.2 2.6 2.1 1.7 1.1 1.0 0.9 TP3Q4L A312
14.7 14.0 13.7 13,5 133 13.0 128 126 123 120 6.3 5.1 4.0 3.2 2.6 2.1 1.7 1.1 1.0 0.9 304 A358
148 14.0 13.7 135 13.2 129 127 124 121 118 116 114 8.8 6.4 4.7 3.5 2.5 18 1.3 1.0 TP3{6L A213
148 14.0 13.7 13,5 132 129 127 124 121 118 116 114 8.8 6.4 4.7 3.5 25 1.8 1.3 1.0 TP316L A269
148 14.0 13.7 135 13.2 129 127 124 121 118 116 114 8.8 6.4 4.7 3.5 2:5 1.8 1.3 1.0 TP316L A312
148 14.0 13.7 13,5 132 129 127 124 121 118 116 114 8.8 6.4 4.7 3.5 2.5 1.8 1.3 1.0 316 A358
17.8 168 16.5 16.2 16.1 159 158 157 155 153 151 123 9.8 7.4 5.5 4.1 3.1 2.3 1.7 1.3 TP316Ti A213
16.1 152 149 146 143 141 139 138 136 135 123 9.1 6.9 5.4 41 3.2 2.5 1.9 1.5 1.1 P3N A312
16.1 152 149 14.6 143 141 139 13.8 13.6 13.5 123 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 P3N A376
16.1 152 149 146 143 141 139 138 136 135 123 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 TP311H A312
16.1 152 149 14.6 143 141 139 13.8 13.6 13.,5 123 9.1 6.9 54 4.1 3.2 2.5 1.9 1.5 1.1 TP311H A376
17.7 171 167 163 159 154 149 144 139 111 8.5 6.5 50 3.8 2.9 2.3 1.8 1.3 0.9 0.8 CPHB A451
17.7 7.1 16.7 163 159 15.4 149 144 139 113 9.8 8.5 A3 6.0 4.8 3.5 2.4 1.6 1.1 0.8  CPKpO A451
TP449 A268
TP430Ti A268
CPFIOMC  A451
16-4-2H A376
19.0 18,5 18.1 177 17.1 16.4 156 143 8.4 _4007 ... .. .. . TP4Q5 A268
19.0 185 181 17.7 17.1 16.4 156 123 8.8 6.4 4.4 2.9 1.8 1.0 TP410 A268
19.0 18,5 18.1 177 171 16.4 156 12.0 Q9.2 6.5 4.5 3.2 2.4 1.8 TP430 A268
17.7 169 16.5 16.2 158 155 15.2 TP317L A312
19.3 185 18.2 179 17.7 17.4 172 M69 159 9.9 7.1 5.0 3.6 2.5 1.5 0.8 0.5 0.4 0.3 0.2 TP310 A312
19.3 185 182 179 17.7 17.4 _1%2) 16.9 159 9.9 7.1 5.0 3.6 2.5 1.5 0.8 0.5 0.4 0.3 0.2 310 A358
19.3 185 18.2 179 17.7 1748172 169 159 9.9 7.1 5.0 3.6 2.5 1.5 0.8 0.5 0.4 0.3 0.2 TP310 A409
193 183 179 175 17.2..169 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 03 TP311 A312
193 183 179 175( 172 169 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 03 321 A358
19.3 183 17.9 1#&5517.2 169 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 TP311 A376
19.3 183 1794475 17.2 169 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 03 TP311 A409
19.4 18.8 (18,5 18.2 18.0 17.7 175 172 169 13.8 103 7.6 5 4.0 3.0 2.2 1 1.3 1.0 0.8 TP3¢9 A312
19.4 1885185 18.2 18.0 17.7 175 172 169 13.8 103 7.6 5. 4.0 3.0 2.2 1. 1.3 1.0 0.8 309p A358
19.4 188385182180 H-F— A2 —16:0—138—103 76 55 40 30 22 4 3 40 6-8—FR349 A409
17,5 16.6 16.2 158 155 152 149 14.6 143 12.2 9.5 7.5 6.0 4.8 3.9 3.3 2.7 2.3 2.0 1.7 CPF8 A451
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Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

Class/ Min. s i Min.
Product Spec. Type/  UNS Condition/ P-No. Temp., _Strength, ksi. Temp.
Material Form No.  Grade No. Temper  Size, in.  (5) Notes °F(6) Tensile Yield to 100 200 300 400
Stainless Steel (3)(4a) (Cont’d)
Pipes and Tubes (2) (Cont’d)
18Cr-10Ni-CH Pipe A312 TP347 S34700 8 .. -425 75 30 20.0 20,0 \20)0 20.0
A240 Type 34y Pipe A358 347 S34700 8 (30)36) -425 75 30 20.0 @0,0°20p 20.0
18Cr-10Ni-CH Pipe A376 TP347 S34700 8 (30)36) -425 75 30 20.00 |20.0 200 20.0
18Cr-10Ni-CH Pipe A409  TP347 S34700 8 (30)36) =425 75 30 200 20.0 20 20.0
18Cr-10Ni-CH Pipe A312 TP348 S34800 8 -325 75 301%20.0 20.0 20)0 20.0
A240 Type 34B Pipe A358 348 534800 8 (30)36) -325 75,4300 20.0 20.0 20§ 20.0
18Cr-10Ni-C Pipe A376 TP348 S34800 8 (30)(36) -325 75 N30 20.0 20.0 20)0 20.0
18Cr-10Ni-C Pipe A409 TP348 S34800 8 (30)(36) -325 75 30 20.0 20.0 20§ 20.0
23Cr-13Ni A451 CPH10  ]93402 8 (12)(14)(28)(35)(39) -325 70 30 20.0 20.0 1909 19.4
23Cr-13Ni A451 CPH20 93402 8 (12)(14)(28)35)(39) -325 70 30 20.0 20.0 199 19.4
25Cr-20Ni Pipe A312 TP310 8 (28)(29)(35)(39) 2325 75 30 20.0 20.0 20)0 20.0
A240 Type 31pS Pipe A358 310S $31008 8 (28)29)(31)(35)(36) -325 75 30 20.0 20.0 20) 20.0
18Cr-10Ni-C A451 CPF8C 192710 8 (28) -325 70 30 20.0 20.0 20 18.6
18Cr-10Ni-Ti Smls. & A312 TP321 $32100 S%thk. 8 (28)(30) -425 75 30 20.0 20.0 20p 20.0
wld. pipe
A240 Type 321L Pipe A358 321 532100 e 8 (28)(30)(36) -425 75 30 20.0 20.0 20p 20.0
18Cr-10Ni-Ti Pipe A376 TP321 $32100 < 3/3 thk. 8 (28)(30)(36) -425 75 30 20.0 20.0 200 20.0
18Cr-10Ni-Ti Pipe A409  TP321 532100 8 (28)(30)(36) -425 75 30 20.0 20.0 20 20.0
18Cr-10Ni-Ti Pipe A376 TP321H S32109 < 3/3 thKa 8 (30)36) -325 75 30 20.0 20.0 200 20.0
18Cr-10Ni-Ti Smls. & A312 TP321H S32109 < 3/3 thk® 8 -325 75 30 20.0 20.0 20p 20.0
wld. pipe
16Cr-12Ni-2Mo Tube A213 TP316 531600 (14)(26)(28)(31)(36) -425 75 30 20.0 20.0 20p 19.3
16Cr-12Ni-Mp Tube A269 TP316 $31600 8 (14)(26)(28)(31)(36) -425 75 30 20.0 20.0 20 19.3
16Cr-12Ni-2Mo Pipe A312 TP316 531600, 8 (26)(28) =425 75 30 20.0 20.0 20 19.3
A240 Type 31 Pipe A358 316 531600 8 (26)(28)(31)(36) -425 75 30 20.0 20.0 20p 19.3
16Cr-12Ni-2Mo Pipe A376 TP316 S$34600 8 (26)(28)(31)(36) -425 75 30 20.0 20.0 20p 19.3
16Cr-12Ni-2Mo Pipe A409 TP316 531600 8 (26)(28)(31)(36) -425 75 30 20.0 20.0 20p 19.3
18Cr-3Ni-3Mp Pipe A312 TR31Z 531700 8 (26)(28) -325 75 30 20.0 20.0 200 19.3
1$Cr—3Ni—3MJ Pipe A409.-.TP317 531700 8 (26)(28)(31)(36) -325 75 30 20.0 20.0 20p 19.3
léCr—lZNi—ZI:o Pipe A3Z6NAP316H  S31609 8 (26)31)(36) -325 75 30 20.0 20.0 20p 19.3
1§Cr—12Ni—2 0 Pipe A312 TP316H S31609 8 (26) -325 75 30 20.0 20.0 20p 19.3
18Cr-10Ni-CH Pipe A376 TP347H  S34709 8 (30)(36) -325 75 30 20.0 20.0 20p 20.0
18Cr—10Ni—Ct Pipe A312 TP347 $34700 8 (28) -425 75 30 20.0 20.0 200 20.0
A240 Type 34f Ripe A358 347 S34700 8 (28)(30)(36, -425 75 30 20.0 20.0 20p 20.0
18Cr-10Ni-CH Pipe A376 TP347 S34700 8 (28)(30)36, =425 75 30 20.0 20.0 20 20.0
18Cr-10Ni-CH Pipe A409  TP347 534700 8 (28)(30)(36 -425 75 30 20.0 20.0 20)0 20.0
18Cr-10Ni-Ch Pipe A312 TP348 534800 8 (28) -325 75 30 20.0 20.0 20.0 20.0
A240 Type 348 Pipe A358 348 S34800 8 (28)(30)(36) -325 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Cb Pipe A376 TP348 S34800 8 (28)(30)(36) -325 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Ch Pipe A409 TP348 534800 8 (28)(30)(36) -325 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Cb Pipe A312 TP347H S34709 8 -325 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Cb Pipe A312 TP348H S34809 8 -325 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)
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 [Note (1)]

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 (3)(4a) (Cont’d)
Pipes and Tuhes (2) (Cont’d)

20.0 193 19.0 187 185 183 182 181 181 160 121 9.1 61 44 33 2.2 1.5 1.2 0.9 0.8 ), TP347 A312
20.0 193 19.0 187 185 183 182 181 181 160 121 9.1 61 44 33 2.2 1.5 1.2 0.9 08~ 347 A358
20.0 193 19.0 18.7 185 183 182 181 181 160 121 9.1 61 44 33 2.2 1.5 1.2 0.9 0.8~ TP347 A376
20.0 193 19.0 187 185 183 182 181 181 160 121 9.1 61 44 33 2.2 1.5 1.2 0.9 0.8 TP347 A409
20.0 193 19.0 18.7 185 183 182 181 181 160 121 9.1 61 44 33 2.2 1.5 1.2 0,9 0.8 TP348 A312
20.0 193 19.0 187 185 183 182 181 181 160 121 9.1 61 44 33 2.2 1.5 1.2 0.9 0.8 348 A358
20.0 193 19.0 18.7 185 183 182 181 181 160 121 9.1 61 44 33 2.2 1.5 1.2 0.9 0.8 TP348 A376
20.0 193 19.0 187 185 183 182 181 181 160 121 9.1 61 44 33 2.2 1.5 12 0.9 0.8 TP348 A409

189 183 179 175 17.0 165 160 154 149 111 8.5 6.5 50 38 29 23 18 13 0.9 0.8 CPH[LO A451
189 183 179 175 17.0 165 16.0 154 149 111 8.5 6.5 50 38 29 2.3 8 1.3 0.9 0.8 CPHPO A451

193 185 182 17.9 17.7 174 172 169 167 13.8 103 7.6 55 40 3.0 2.2 1.7 13 1.0 0.8 TP310 A312
19.3 185 182 179 177 174 172 169 167 138 103 7.6 55 40 30 2.2 1.7 1.3 1.0 0.8 310p A358

17.5 16.6 16.2 158 155 152 149 146 143 140 121 9.1 61 44 €33 2.2 1.5 1.2 0.9 0.8 CPF3C A451
193 183 17.9 175 17.2 169 167 165 164 162 123 9.1 6.9 (54N 41 3.2 25 1.9 1.5 1.1 P31 A312

193 183 17.9 175 172 169 167 165 164 162 123 9.1 69 54 41 3.2 2.5 1.9 1.5 1.1 321 A358
19.3 183 17.9 175 17.2 169 167 165 164 162 123 9.1 69 54 41 3.2 2.5 1.9 1.5 1.1 TP311 A376
193 183 17.9 175 172 169 167 165 164 162 123 9.1 6.9 54 41 3.2 25 1.9 1.5 1.1 TP31 A409
19.3 183 17.9 175 17.2 169 167 165 164 162 123 94 69 54 41 3.2 2.5 1.9 1.5 1.1 TP311H A376
193 183 17.9 175 17.2 169 167 165 164 162 123 9.1 6.9 54 41 3.2 25 1.9 1.5 1.1 TP3}1H A312

18.0 17.0 16.6 163 16.1 159 157 156 154 153(,151 124 98 74 55 4.1 3.1 23 1.7 13 TP316 A213
18.0 17.0 16.6 163 16.1 159 157 156 154 (153" 151 124 98 7.4 55 4.1 3.1 23 17 13 TP316 A269

18.0 17.0 16.6 163 16.1 159 157 156 154 *153 151 124 98 7.4 55 4.1 3.1 23 1.7 13 TP316 A312
18.0 17.0 16.6 163 16.1 159 157 156~154 153 151 124 98 74 55 4.1 3.1 2.3 1.7 13 316 A358
18.0 17.0 16.6 163 16.1 159 157 A56-154 153 151 124 98 7.4 55 4.1 3.1 2.3 17 13 TP316 A376
18.0 17.0 16.6 163 16.1 159 157 156 154 153 151 124 98 74 55 4.1 3.1 2.3 1.7 13 TP316 A409
18.0 17.0 16.6 163 16.1 15.9 157/ 156 154 153 151 124 98 7.4 55 4.1 3.1 23 17 13 TP317 A312
18.0 17.0 16.6 163 16.1 159\15.7 156 154 153 151 124 98 74 55 4.1 3.1 23 1.7 13 TP3}7 A409
18.0 17.0 16.6 163 16.1 459/ 157 156 154 153 151 124 98 7.4 55 4.1 3.1 23 1.7 13 TP316H A376

18.0 17.0 16.6 163 1611 159 157 156 154 153 151 124 98 74 55 4.1 3.1 23 1.7 13  TP316H A312

20.0 193 19.0 187185 183 182 181 181 181 174 141 105 79 59 44 3.2 2.5 1.8 1.3 TP347H A376
20.0 193 19.0.\87 185 183 182 181 181 181 174 141 105 79 59 44 3.2 25 1.8 1.3 TP347 A312
20.0 193 190-18.7 185 183 182 181 181 181 174 141 105 79 59 44 3.2 2.5 1.8 13 347 A358
20.0 193 7190 187 185 183 182 181 181 181 174 141 105 79 59 44 3.2 25 1.8 1.3 TP347 A376
20.0 19.3C 19.0 18.7 185 183 182 181 181 181 174 141 105 79 59 4.4 3.2 2.5 1.8 13 TP347 A409
20.0 193 19.0 187 185 183 182 181 181 181 174 141 105 79 59 44 3.2 2.5 1.8 1.3 TP348 A312
20.0 193 19.0 187 185 183 182 181 181 181 174 141 105 79 59 44 3.2 2.5 1.8 13 348 A358
20.0 193 19.0 187 185 183 182 181 181 181 174 141 105 79 59 44 3.2 25 1.8 13 TP348 A376
20.0 193 19.0 187 185 183 182 181 181 181 174 141 105 79 59 44 3.2 25 1.8 13 TP348 A409

20.0 193 19.0 187 185 183 182 181 181 181 174 141 105 79 59 44 3.2 2.5 1.8 1.3 TP347H A312
20.0 193 19.0 18.7 185 183 182 181 181 181 174 141 105 79 59 44 3.2 2.5 1.8 1.3 TP348H 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.

Class/ Min. s i Min.
Product Spec. Type/  UNS Condition/ P-No. Temp., _Strength, ksi Temp.
Material Form No. Grade No.  Temper Size,in. (5) Notes °F (6) Tensile Yield to 100 200 300 400
Stainless Steel (3)(4a) (Cont’d)
Pipes and Tubes (2) (Cont’d)
18Cr-8Ni Tube A213 TP304  S30400 8 (14)(26)(28)(31)(36) =425 75 30 20.0 20.0.24.0 18.6
18Cr-8Ni Tube A269 TP304  S30400 8 (14)(26)(28)31)(36, -425 75 30 20.0(C20.0 24.0 18.6
18Cr-8Ni Pipe A312 TP304  S30400 8 (26)(28) =425 75 30 200 ,20.0 2d.0 18.6
A240 Type 300 Pipe A358 304 $30400 8 (26)28)(31)(36) -425 75 30 “20,0 20.0 24.0 18.6
18Cr-8Ni Pipe A376 TP304  S30400 8 (20)(26)(28)(31)(36) =425 75 30\ 20.0 20.0 2d.0 18.6
18Cr-8Ni Pipe A376 TP304H S30409 8 (26)31)(36) -325 75, 30 20.0 20.0 24.0 18.6
18Cr-8Ni Pipe A409 TP304  S30400 8 (26)28)(31)(36) -425 75730 20.0 20.0 2d.0 18.6
18Cr-8Ni Pipe A312 TP304H S30409 8 (26) -325 75 30 20.0 20.0 24.0 18.6
18Cr-10Ni-Mp A451 CPF8M  ]92900 8 (26)(28) -425 70 30 20.0 20.0 149 17.0
44Fe-25Ni-21Cr-Mo Tube A249 904L N08904 45 325 71 31 20.7 20.7 20.4 18.7
44Fe-25Ni-21Cr-Mo Pipe A312 904L N08904 45 -325 71 31 20.7 20.7 20.4 18.7
20Cr-Cu Tube A268 TP443  S44300 10 (35 =20 70 40 233 233233233
27Cr Tube A268 TP446  S44600 101 (35 -20 70 40 233 233225 21.9
12Cr WIid. pipe  A1053 50 $41003 7 -20 70 50 233 233233228
24Cr-9Ni-N A451 CPE20N 8 (35)(39) -325 80 40 26.7 26.7 247 26.7
23Cr-4Ni-N A789 $32304 10H (25) -60 87 58 29.0 27.9 241 24.7
23Cr-4Ni-N A790 $32304 10H™25) -60 87 58 29.0 27.9 241 247
20Cr—18Ni—6l’n0 Pipe A813 S31254 8 ®) -325 94 44 293 29.3 249 26.7
20Cr-18Ni-6Mo Pipe A814 $31254 8 ®) -325 94 44 293 29.3 249 26.7
123/,,Cr A426  CPCA-15 91150 6 (10)(35) -20 90 65 30.0
22Cr-5Ni-3Mp A789 $31803 10H (25) -60 90 65 30.0 30.0 249 27.8
22Cr-5Ni-3Mp A790 531803 10H (25) -60 90 65 30.0 30.0 249 27.8
20Cr-18Ni-6Mo Tube A249 S31254 >3/16 thk. 8 ®) -325 95 45 30.0 30.0 295 27.3
20Cr-18Ni-6Mo Tube A249 S31254 S3/16 thk. 8 ®) -325 98 45 30.0 30.0 245 27.3
20Cr-18Ni-6Mo Pipe A312 S31254 >3/16 thk. 8 ®) -325 95 45 30.0 30.0 295 27.3
20Cr-18Ni-6/Mo Pipe A312 $31254 S3/16 thk. 8 ®) -325 98 45 30.0 30.0 245 27.3
26Cr-4Ni-Mo A789 $32900 10H (25) =20 90 70 30.0
26Cr-4Ni-Mo A790 532900 10H (25) -20 90 70 30.0
46Fe-24Ni-21Cr-6Mo-Cu-N Smls. & A312 N08367 >3/16 45 (26) -325 95 45 30.0 30.0 249 28.6
wld. pipe
46Fe-24Ni-21Cr-6Mo-Cu-N WIld. pipe~~A358 N08367 >3/16 45 (26) -325 95 45 30.0 30.0 249 28.6
46Fe-24Ni-21Cr-6Mo-Cu-N Wid-pige =~ A813 N08367 >3/1(, 45 (26) -325 95 45 30.0 30.0 2949 28.6
46Fe-24Ni-21Cr-6Mo-Cu-N Wid.-pipe  A814 N08367 >3/16 45 (26) -325 95 45 30.0 30.0 249 28.6
46Fe-24Ni-21Cr-6Mo-Cu<N ‘Smls. & A312 N08367 S3/16 45 (26) -325 100 45 30.0 30.0 30.0 29.6
wld. pipe
46Fe-24Ni-21Cr-6Mo-CU-N WId. pipe  A358 N08367 S3/16 45 (26) -325 100 45 30.0 30.0 30.0 29.6
46Fe-24Ni-21Cre6Mo=Cu-N Wid. pipe  A813 N08367 £3/16 45 (26) -325 100 45 30.0 30.0 3d.0 29.6
46Fe-24Ni-2 ter—6Mo—Cu—N-Wie—pip ASHs NO8367 = ™ 45—(26} 325 100—45—30-0—36-6-36.0 29.6
21Cr-5Mn-15Ni-Cu-N Tube A789 $32101 >3/16 10H (25) -20 94 65 31.3 31.3 29.8 28.5
21Cr-5Mn-15Ni-Cu-N Pipe A790 ... $32101 >3/16 10H (25) =20 94 65 31.3 31.3 29.8 285
22Cr-5.5Ni-3Mo-N Tube A789 2205 $32205 10H (25) -60 95 70 31.7 31.7 30.6 29.4
22Cr-5.5Ni-3Mo-N Pipe A790 2205 $32205 10H (25) -60 95 70 31.7 31.7 30.6 29.4
21Cr-5Mn-15Ni-Cu-N Tube A789 $32101 33/16 10H (25) -20 101 77 33.7 33.7 32.1 31.0
21Cr-5Mn-15Ni-Cu-N Pipe A790 §$32101 53/16 10H (25) =20 101 77 33.7 33.7 32.1 31.0
21Cr-3Ni-Mo A790 $32003 > 3/16 10H (25) -60 95 65 31.7 30.7 28.9 28.6
21Cr-3Ni-Mo A789 $32003 < 3/16 10H (25) -60 100 70 33.3 32.3 30.4 30.1
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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 [Note (1)]

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 (3)(4a) (Cont’d)
Pipes and Tuhes (2) (Cont’d)

17.5 16.6 16.2 158 155 152 149 146 143 140 124 9.8 77 61 47 3.7 2.9 23 1.8 1.4 ) TP304 A213
17.5 16.6 16.2 158 155 152 149 146 143 140 124 9.8 7.7 61 47 3.7 2.9 23 1.8 1@ TP304 A269
17.5 16.6 16.2 158 155 152 149 146 143 140 124 9.8 77 61 47 3.7 2.9 23 1.8 1.47 TP304 A312
17.5 16.6 16.2 158 155 152 149 146 143 140 124 9.8 7.7 61 47 3.7 2.9 23 1.8 1.4 304 A358
17.5 16.6 16.2 158 155 152 149 146 143 140 124 9.8 7.7 61 47 3.7 2.9 23 8 1.4 TP304 A376
17.5 16.6 16.2 158 155 152 149 146 143 140 124 9.8 7.7 61 47 3.7 2.9 23 1.8 1.4 TP304H A376
17.5 16.6 16.2 158 155 15.2 149 14.6 143 140 124 9.8 7.7 61 47 3.7 2.9 2.3 1.8 1.4 TP304 A409
17.5 16.6 16.2 158 155 152 149 146 143 140 124 9.8 7.7 61 47 3.7 2.9 23 1.8 1.4 TP3Q4H A312
158 150 147 144 142 141 139 137 134 131 115 8.9 6.9 54 43 3.4 2.3 23 1.9 1.6 CPFgM A451

171 e e e e e e e e ... 904 A249
171 e e e e e e e e ... 904 A312

233 133 146 125 107 92 79 59 40 25 ... ... TP443 A268
21,5 209 206 202 19.7 191 184 175 164 151 ... ... TP446 A268

7 oo 50 A1053
26.7 267 267 26.7 26.7 267 267 267 ... ... ... CPERON A451

252 P41 238 236 234 232 230 ... ... ... A813
252 P41 238 236 234 232 230 ... ... ... A814

CPCA-15  A426

258 P47 243 241 239 237 236 ... ... (.4 A249
25.8 P47 243 241 239 237 236 ... ..o ... A249
258 P47 243 241 239 237 236 ... NN ... A312
25.8 P47 243 241 239 237 236 L \v. ... A312

A789
A790

27.7 262 257 251 247 243N, ... ... ... A312

27.7 362 257 251 244243 ... ... ... ... A358
27.7 262 257 251 249 243 ... ... ... ... A813
27.7 362 25.7 2540247 243 ... ... ... ... A814
27.7 262 257 /254 247 243 ... ... ... ... A312

27.7 262 (25,77 251 247 243 ... ... ... ... A358
27.7 3625257 251 247 243 ... ... ... ... A813

27.7 R—2oF—2A—UF—U———— A814

285 285 ... oo o0 oo oo e e A789
285 285 ... oo oo ool e e A790
287 284 ... oo oo oo e e e ... 2205 A789
287 284 ... oo oo oo s e e Lo 2205 A790
309 309 ... Lo oo oo e e e A789
309 309 ... ..o oo oo s e e A790

286 286 286 ... ... ... oo e el A790
301 301 301 ... oo oo oo e e A789
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(14) 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.

Class/ Min. s i Min.
Product Spec. Type/  UNS Condition/ P-No. Temp., _Strength, ksi Temp.
Material Form No. Grade No.  Temper Size,in. (5) Notes °F (6) Tensile Yield to 100 200 300 400
Stainless Steel (3)(4a) (Cont’d)
Pipes and Tubes (2) (Cont’d)
25Cr-8Ni-3Mp- e A789 ... $32760 e e 10H (25) -60 109 80 36.3 35.9.34.4 34.0
W-Cu-N
25Cr-8Ni-3Mp- A790 ... $32760 A e 10H (25) -60 109 80 36:3 ,35.9 34.4 34.0
W-Cu-N
29Cr-6.5Ni-2Mo-N Tube A789 ... $32906 ... 20.40 thk. 10H (25) -60 109 ~80™ 36.3 36.3 34.0 33.5
29Cr-6.5Ni-2Mo-N Pipe A790 ... 532906 ... >0.40 thk. 10H (25) -60 109,80 36.3 36.3 34.0 33.5
24Cr-17Ni-6n- e A358 ... S34565 A e 8 (36) -325 115 60 38.3 38.1 338 34.5
4Y,Mo-N
25Cr-7Ni-4Mp-N Smls. & A789 ... $32750 A A 10H (25) 60 116 80 38.7 38.5 34.4 35.1
wld. tube
25Cr-7Ni-4Mp-N Smls. & A790 2507 §$32750 A e 10H (25) -60 116 80 38.7 38.5 34.4 35.1
wld. pipe
29Cr-6.5Ni-2Mo-N Tube A789 ... $32906 ... <0.40 thk. 10H (25) -60 116 94 38.7 38.6 34.8 35.6
29Cr-6.5Ni-2Mo-N Pipe A790 ... 532906 ... <0.40 thk. 10H (25) -60 116 94 38.7 38.6 34.8 35.6
Plates [and Sheets
18Cr-10Ni . A240 305 $30500 8 (26)(36)(39) -325 70 25 16.7
12Cr-Al A240 405 S40500 7 (35) -20 60 25 16.7 15.3 148 14.5
18Cr-8Ni A240 304L S30403 8 (36) =425 70 25 16.7 16.7 147 158
16Cr-12Ni-2Mo . A240 316L 531603 8 (36) =425 70 25 16.7 16.7 147 15.7
18Cr-Ti-Al ces A240 X8M (35) -20 65 30 200 ... .]. ...
18Cr-8Ni e A167 302B 530215 8 (26)28)(31)36)(39) -325 75 30 20.0 20.0 2d.0 18.6
18Cr-Ni e A240 302 530200, 8 (26)(36) -325 75 30 20.0 20.0 2d.0 18.6
12Cr A1010 40 S41003 7 -20 66 40 22.0 22.0 220 215
12Cr A1010 50 S41003 7 .. -20 70 50 233 233233228
13Cr A240 410S $41008 7 (35)(50) -20 60 30 20.0 18.4 1748 17.4
13Cr e A240 410 S41000 6 (35) -20 65 30 20.0 18.4 178 17.4
15Cr A240 (429 S42900 6 (35 -20 65 30 20.0 18.4 1748 17.4
17Cr A240 1430 S43000 7 (35) =20 65 30 20.0 18.4 1748 17.4
18Cr-13Ni-3Mo e A240 317L $31703 8 (36) -325 75 30 20.0 20.0 2d.0 18.9
25Cr-20Ni e A167 310 $31000 8 (28)(35)(36)(39) -325 75 30 20.0 20.0 29.0 20.0
25Cr-20Ni o A240 310S $31008 8 (28)(35)(36) -325 75 30 20.0 20.0 24.0 20.0
18Cr-10Ni-Ti A240 321 $32100 8 (30)(36) -325 75 30 20.0 20.0 2d.0 20.0
20Cr-10Ni Al67 308 $30800 8 6)26)31)39) -325 75 30 20.0 20.0 20.0 18.6
23Cr-12Ni A167 309 $30900 8 (12(28)(31)(35) -325 75 30 20.0 20.0 2d.0 20.0
(36)39)
23Cr-12Ni . A240—309S S30908 8 (28)(35)(30) =375 7530200 20.020.0 20.0
18Cr-10Ni-Ch . A240 347 S34700 8 (36) -425 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Cb - A240 348 S34800 8 (36) -325 75 30 20.0 20.0 20.0 20.0
25Cr-20Ni . A167 310 531000 8 (28)(29)(35)36)(39) -325 75 30 20.0 20.0 20.0 20.0
25Cr-20Ni A240 310S $31008 8 (28)(29)(35)(36) -325 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Ti . A240 321 $32100 8 (28)(30)(36) -325 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Ti . A240 321H $32109 8 (36) -325 75 30 20.0 20.0 20.0 20.0
16Cr-12Ni-2Mo - A240 316 531600 8 (26)(28)(36) =425 75 30 20.0 20.0 20.0 19.3
18Cr-13Ni-3Mo A240 317 $31700 8 (26)(28)(36) -325 75 30 20.0 20.0 20.0 19.3
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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 [Note (1)]

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

Type/
Grade

Spec.
No.

34.0

34.0

33.0
33.0

33.8

34.5

34.5

35.2
35.2

14.3
14.7
14.8

17.5
17.5

20.8
22.1

17.2
17.2
17.2
17.2

17.7

19.3
19.3

193
17.5
19.4

19.4

20.0
20.0

19.3
19.3

193
19.3

18.0
18.0

Copyright ASME International

Stainless Steel (3)(4a) (Cont’d)

Pipes and Tuhes (2) (Cont’d)

4.0 A789
4.0 A790
3.0 A789
3.0 A790
3.2 33.1 327 32.4 320 A358
4.3 A789
4.3 250f A790
5.2 A789
5.2 A790
Plates ard Sheets
- 305 A240
40 138 13,5 131 12.6 120 113 8.4 4.0 ce. cee ... 405 A240
40 13.7 135 133 13.0 128 12.6 123 120 6.3 5D 40 3.2 2.6 21 1.7 1.1 1.0 0.9 304 A240
4,0 13.7 135 13.2 129 127 124 121 118 108 =102 88 6.4 4.7 3.5 2.5 1.8 1.3 1.0 316 A240
. e X8 A240
6.6 16.2 158 155 15.2 149 14.6 143 302B Al67
6.6 16.2 158 155 152 149 14.6 143 (140 302 A240
0.0 40 A1010
1.2 ... ... 50 A1010
6.8 16.6 16.2 15.7 151 144 A23. 8.8 6.4 4.4 2.9 1.8 1.0 410p A240
6.8 16.6 162 157 151 144 M23 88 6.4 4.4 2.9 1.8 1.0 410 A240
6.8 16.6 162 157 151 144)12.0 9.2 6.5 4.5 3.2 2.4 1.8 429 A240
6.8 16.6 162 157 1518144 12.0 9.2 6.5 4.5 3.2 2.4 1.8 430 A240
6.9 165 16.2 158 155/ 152 ... 317 A240
85 182 179 17.2.17.4 172 169 159 9.9 7.1 5.0 3.6 2.5 1.5 0.8 0.5 0.4 0.3 0.2 310 Al67
85 182 17.9(1%7 174 172 169 159 9.9 7.1 5.0 3.6 2.5 1.5 0.8 0.5 0.4 0.3 0.2 310 A240
83 179 A75~17.2 169 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 03 321 A240
6.6 308 A167
8.8 (185 182 18.0 17.7 175 172 169 138 103 7.6 5.5 4.0 3.0 2.2 1.7 13 1.0 0.8 309 Al67
88 185 18.2 180 17.7 175 17.7 169 1I3.8 10.3 76 55 40 3.0 2.2 T7 T3 1.0 0.8 3095 A240
19.3 19.0 18.7 185 183 182 181 181 160 12.1 9.1 6.1 4.4 33 2.2 1.5 1.2 0.9 0.8 347 A240
19.3 19.0 18.7 185 183 182 181 181 16.0 12.1 9.1 6.1 4.4 3.3 2.2 1.5 1.2 0.9 0.8 348 A240
18,5 182 179 177 174 172 169 167 13.8 103 7.6 5.5 4.0 3.0 2.2 1.7 1.3 1.0 0.8 310 Al67
185 182 179 177 174 172 169 167 13.8 103 7.6 5.5 4.0 3.0 2.2 1.7 13 1.0 0.8 3105 A240
183 179 175 17.2 169 16.7 165 16.4 162 123 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 321 A240
183 179 175 17.2 169 16.7 165 16.4 162 123 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 321H A240
17.0 16.6 163 16.1 159 157 156 15.4 153 151 124 9.8 7.4 5.5 4.1 3.1 2.3 1.7 1.3 316 A240
17.0 16.6 163 16.1 159 157 156 15.4 153 151 124 9.8 7.4 5.5 4.1 31 2.3 1.7 1.3 317 A240
183
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

ASME B31.3-2014

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

Class/ Min. s i Min.
Product Spec. Type/  UNS Condition/ P-No. Temp., _Strength, ksi. Temp.
Material Form No.  Grade No. Temper  Size, in.  (5) Notes °F(6) Tensile Yield to 100 200 300 400

Stainless Steel (3)(4a) (Cont’d)

Plates and Sheets (Cont’d)
18Cr-10Ni-CH A167 347 8 (28)(30)(36) -425 75 30 20.0 20,0 \20)0 20.0
18Cr-10Ni-CH A240 347 S34700 8 (28)(36) -425 75 30 20.0 @0,0°20p 20.0
18Cr-10Ni-CH A167 348 8 (28)(30)(36) -325 75 30 20.00 /20.0 20)0 20.0
18Cr-10Ni-C A240 348 534800 8 (28)(36) -325 75 30 200 20.0 20p 20.0
18Cr-8Ni A240 304 530400 8 (26)(28)(36) -425 75 3@ “20.0 20.0 20)0 18.6
44Fe-25Ni-21Cr-Mo A240  904L N08904 45 -325 718/31 20.7 20.7 204 18.7
16Cr-4Ni-6Mp-N A240 201LN 520153 8 -325 95, 45 30.0 27.6 24) 23.4
20Cr—18Ni—6m0 A240 S31254 >3/1(J thk. 8 -325 95 45 30.0 30.0 29} 27.3
20Cr-18Ni-6/Mo A240 S31254 S3/16 thk. 8 -325 98 45 30.0 30.0 29p 27.3
46Fe-24Ni-21Cr-6Mo- Plate A240 N08367 >3/1s 45  (26) -325 95 45 30.0 30.0 299 28.6

Cu-N
46Fe-24Ni-21Cr-6Mo- Sheet & A240 N08367 $3/16 45  (26) <325 100 45 30.0 30.0 309 29.6

Cu-N strip
21Cr-5Mo-13Ni-Cu-N A240 $32101 >3/1e thk. 10H (25) -20 94 65 31.3 31.3 298 28.5
21Cr-5Mo-13Ni-Cu-N A240 ... 532101 S3/16 thk. 10H (25) -20 101 77 337 33.7 321 31.0
22Cr-5.5Ni-3Mo-N A240 2205 $32205 10H (25) -60 95 65 31.7 31.7 306 29.4
21Cr-3Ni-Mo A240 $32003 > 3/1,/, 10H (25) -60 95 65 31.7 30.7 28P 28.6
21Cr-3Ni-Mo A240 532003 < 3/16 10H *(25) -60 100 70 33.3 323 30§ 30.1
29Cr-6.5Ni-2Mo-N A240 532906 >0.40 _10F (25) -60 109 80 36.3 36.3 34f 335

thk.
29Cr-6.5Ni-2Mo-N A240 532906 <0.40™ 10H (25) -60 116 94 387 38.6 368 35.6
thk.

25Cr-8Ni-3Mp-W-Cu-N. .. A240 $32760 10H (25) -60 109 80 36.3 36.3 348 34.0
25Cr-7Ni-4Mp-N A240 2507 $32750 10H (25) -60 116 80 38.7 38.5 364 35.1

Forgings’I:nd Fittings (2)
18Cr-13Ni-3Mo ces A182 F317L $31703 <5thk. 8 9)(21a) -325 70 25 167 16.7 167 15.7
18Cr-8Ni A182 F304L 530403 8 9)(21a) -425 70 25 167 16.7 16) 15.8
18Cr-8Ni A403  WPB04L + S30403 8 (32337) -425 70 25 167 16.7 16) 15.8
16Cr—12Ni—2m0 A182_ E316L 531603 8 9)(21a) -425 70 25 167 16.7 16) 15.7
16Cr-12Ni-2Mo A403, WP316L S31603 8 (32337 -425 70 25 16.7 16.7 16} 15.7
20Ni-8Cr A182 F10 $33100 8 (26)(28)(39) -325 80 30 200 ... .
18Cr-13Ni-3Mo A403  WP317L S31703 8 (3237 -325 75 30 20.0 20.0 20 18.9
25Cr-20Ni A182 F310  S$31000 8 (921283539 -325 75 30 20.0 20.0 209 20.0
25Cr-20Ni A403 WP310  S31008 8 (28)32)(35)(37)(39) -325 75 30 20.0 20.0 20p 20.0
18Cr-10Ni-Ti A182 F321 532100 8 9)(@1) -325 75 30 20.0 20.0 20p 20.0
18Cr-10Ni-Ti A403  WP321  S32100 8 (3237 -325 75 30 20.0 20.0 20p 20.0
23Cr-12Ni AZ03__WP309 530900 8 (Z9BBGYG7GY) =375 75 30 20.0 20.0 20.0 20.0
25Cr-20Ni A182 F310 531000 8 9)21)(28)(29) -325 75 30 20.0 20.0 20.0 20.0

(35)(39)
25Cr-20Ni A403 WP310  S31008 8 (28)(29)(3235) -325 75 30 20.0 20.0 20.0 20.0
(37)(39)
18Cr-10Ni-Ch A182 F347 S34700 8 9)@1) =425 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Cb A403  WP347  S34700 8 (3237 -425 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Ch A182 F348 534800 8 9)(@1) -325 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Ch A403 WP348  S34800 8 (32337 -325 75 30 20.0 20.0 20.0 20.0
184
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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 [Note (1)]

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 (3)(4a) (Cont’d)

Plates and Sheets (Cont’d)

20.0 193 19.0 18.7 185 183 182 18.1 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 1.3 ) 347 Al67
20.0 193 19.0 187 185 183 18.2 181 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 13N, 347 A240
20.0 19.3 19.0 18.7 185 183 182 18.1 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 1.3 348 Al67
20.0 193 19.0 187 185 183 18.2 181 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 1.3 348 A240
17.5 16.6 16.2 158 155 152 149 146 143 140 124 9.8 7.7 6.1 4.7 3.7 2.9 2.3 1.8 1.4 304 A240
171 }.. .0 oo oo L 904 A240
23.0 $2.9 228 226 223 21.8 21.5 201|N A240
25.8 P4.7 243 241 239 237 236 A240
25.8 P4.7 243 24.1 23.9 237 23.6 A240
27.7 262 25.7 251 24.7 243 A240
27.7 262 25.7 251 24.7 243 A240
28.5 185 A240
30.9 30.9 e A240
28.7 18.4 220 A240
28.6 18.6 28.6 A240
30.1 30.1 30.1 A240
33.0 33.0 A240
35.2 35.2 A240
33.9 339 A240
345 343 250f A240

Forgings and Fittings (2)

148 14.0 13.7 13,5 132 129 127 .{. ce. F317L A182
14.7 140 137 135 133 13.0 128 \126 123 12.0 6.3 5.1 4.0 3.2 2.6 2.1 1.7 1.1 1.0 0.9 F304L A182
14.7 14.0 137 135 133 13.0 1284126 12.3 12.0 6.3 5.1 4.0 3.2 2.6 2.1 1.7 11 1.0 0.9 WP304L A403
148 140 13.7 135 13.2 129127 124 121 118 108 10.2 8.8 6.4 4.7 3.5 2.5 1.8 1.3 1.0 F314L A182
148 14.0 13.7 13,5 13.2 429, 127 124 121 118 108 10.2 8.8 6.4 4.7 3.5 2.5 1.8 1.3 1.0  WP316L A403
s F10 A182

17.7 169 16.5 16.2( 158 155 15.2 WP317L A403
19.3 18,5 182 A79°17.7 17.4 172 169 159 9.9 7.1 5.0 3.6 2.5 1.5 0.8 0.5 0.4 0.3 0.2 F31 A182
19.3 18,5 1822179 177 174 172 169 159 9.9 7.1 5.0 3.6 2.5 1.5 0.8 0.5 0.4 0.3 0.2  WP310 A403
19.3 183 (179 17.5 17.2 169 16.7 16.5 16.4 162 9.6 6.9 5.0 3.6 2.6 1.7 1.1 0.8 0.5 03 F32 A182
19.3 183179 175 17.2 169 16.7 16.5 16.4 162 9.6 6.9 5.0 3.6 2.6 1.7 1.1 0.8 0.5 0.3  WP321 A403
19.4 18.8 185 182 18.0 17.7 175 172 169 13.8 103 7.6 5.5 4.0 3.0 2.2 1.7 1.3 1.0 0.8 WP309 A403
19.3 185 182 179 17.7 17.4 172 169 167 13.8 103 7.6 5.5 4.0 3.0 2.2 1.7 1.3 1.0 0.8 F310 A182
19.3 185 182 179 17.7 17.4 172 169 167 13.8 103 7.6 5.5 4.0 3.0 2.2 1.7 1.3 1.0 0.8 WP310 A403
20.0 193 19.0 187 185 183 182 181 181 16.0 12.1 9.1 6.1 4.4 3.3 2.2 1.5 1.2 0.9 0.8 F347 A182
20.0 193 19.0 18.7 185 183 182 181 181 16.0 12.1 9.1 6.1 4.4 3.3 2.2 1.5 1.2 0.9 0.8 WP347 A403
20.0 193 19.0 187 185 183 182 181 181 16.0 12.1 9.1 6.1 4.4 3.3 2.2 1.5 1.2 0.9 0.8 F348 A182
20.0 19.3 19.0 18.7 185 183 182 181 181 16.0 12.1 9.1 6.1 4.4 3.3 2.2 1.5 1.2 0.9 0.8 WP348 A403

Copyright ASME International

Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

185

Licensee=Methanex Corp/5975064001
Not for Resale, 06/16/2015 06:19:47 MDT

(14)


https://asmenormdoc.com/api2/?name=ASME B31.3 2014.pdf

(14)

ASME B31.3-2014

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.

Class/ Min. 5 b ksi Min.
Product  Spec.  Type/ UNS  Condition/ P-No. Temp., _Strength, ksi Temp.
Material Form No. Grade No. Temper  Size, in.  (5) °F (6) Tensile Yield to 100 200 300 400
Stainless Steel (3)(4a) (Cont’d)
Forgings and Fittings (2) (Cont’d)
18Cr-10Ni-Ti A182 F321 $32100 8 9)( -325 75 30 20.0 20,0200 20.0
18Cr-10Ni-Ti A182 F321H $32109 8 9)( -325 75 30 20.0 (26,0°20)0 20.0
18Cr-10Ni-Ti A403  WP321 $32100 8 ( -325 75 30 20.0 | 20.0 20j0 20.0
18Cr-10Ni-Ti A403 WP321H  S32109 8 ( -325 75 30 209 20.0 200 20.0
16Cr—12Ni—2m0 A403 WP316H  S31609 8 (26 -325 75 30, 20.0 20.0 20j0 19.3
16Cr-12Ni-2Mo A182 F316H 531609 8 © -325 75,307 20.0 20.0 200 19.3
18Cr-10Ni-CH A403  WP347H  S34709 8 (32 -325 75 30 20.0 20.0 20j0 20.0
18Cr-10Ni-CH A182 F347 S34700 8 © -425 75 30 20.0 20.0 20j0 20.0
18Cr-10Ni-CH A403  WP347 S34700 8 ( -425 75 30 20.0 20.0 200 20.0
18Cr-10Ni-CH A182 F348 $34800 8 ¢ -325 75 30 20.0 20.0 20j0 20.0
18Cr-10Ni-CH A403  WP348 S34800 8 ( =325 75 30 20.0 20.0 20j0 20.0
18Cr-10Ni-CH A182 F347H S34709 8 © -325 75 30 20.0 20.0 200 20.0
18Cr-10Ni-CH A182 F348H S34809 8 © -325 75 30 20.0 20.0 20j0 20.0
16Cr-12Ni-2Mo A182 F316 531600 8 © -325 75 30 20.0 20.0 20)0 19.3
16Cr-12Ni-2Mo A403  WP316 531600 8 ( -425 75 30 20.0 20.0 20)0 19.3
18Cr-13Ni-3Mo A403  WP317 $31700 8 ( -325 75 30 20.0 20.0 200 19.3
18Cr-8Ni A182 F304 $30400 8 9)(21)(26)(28 -425 75 30 20.0 20.0 20j0 18.6
18Cr-8Ni A403  WP304 $30400 8 ( =425 75 30 20.0 20.0 20j0 18.6
18Cr-8Ni A403 WP304H  S30409 8 ( -325 75 30 20.0 20.0 20)0 18.6
18Cr-8Ni A182 F304H S30409 8 © -325 75 30 20.0 20.0 20j0 18.6
44Fe-25Ni-21Cr-Mo A182 F904L N08904 45 -325 71 31 207 20.7 20§ 18.7
13Cr A182 Féa S41000 6 39 -20 70 40 233 23.3 2209 225
13Cr A182 Féa S41000 6 (35) -20 85 55 283 283 278 273
20Cr-18Ni-6Mo A182 F44 S31254 8 -325 94 44 293 29.3 289 26.7
20Cr-18Ni-6Mo A403  WPS31254 S31254 8 -325 94 44 293 29.3 2819 26.7
;v20Cr—18Ni—6 0 A403  CRS31254 1S31254 8 -325 94 44 293 29.3 289 26.7
;f46Fe—24Ni—2 Cr-6Mo- Forgings A182 F62 N08367 45  (26) -325 95 45 30.0 30.0 2919 28.6
Cu-N
2:46Fe—24Ni—2 Cr-6Mo- Fittings A403,~ WR6XN N08367 45  (26) -325 95 45 30.0 30.0 2919 28.6
Cu-N
':‘:46Fe—24Ni—2 Cr-6Mo- Fittings A403 CR6XN N08367 45 (26) -325 95 45 30.0 30.0 2919 28.6
~ Cu-N
?;21Cr—5Nln—1. Ni-Cu-N ... A815 ... $32101 10H ( -20 94 65 313 31.3 298 285
+22Cr-5.5Ni-3Mo-N A182 2205 $32205 10H ( -60 95 65 31.7 317 30§6 29.4
22Cr-5.5Ni-3Mo-N A815 2205 $32205 10H ( -60 95 65 31.7 31.7 30§ 29.4
25Cr-8Ni-3Mp-W-€u=N. . . A182 $32760 10H ( -60 109 80 36.3 36.3 3418 34.0
25Cr-8Ni-3Mp-W<Cu-N. . . A815 ... 532760 10H (2 -60 109 80 36.3 36.3 348 34.0
13Cr A182 Féa 541000 6 €] -20 110 85 36.7
13Cr—1/2M0 A182 F6b $41026 6 B 110-135 90 36.7
25Cr-7Ni-4Mo-N Forgings A182 F53 $32750 10H ( -60 116 80 387 385 36.4 35.1
25Cr-7Ni-4Mo-N Fittings A815 WPS32750 S32750 10H ( -60 116 80 38.7 38.5 36.4 35.1
25Cr-7Ni-4Mo-N Fittings A815 CRS32750 S32750 10H ( -60 116 80 387 385 36.4 35.1
13Cr A182 Féa $41000 6 ( -20 130 110 433
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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 [Note (1)]

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 (3)(4a) (Cont’d)

Forgings and Fittings (2) (Cont’d)

193 183 179 175 17.2 169 16.7 16.5 16.4 162 123 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1, F32 A182
19.3 183 179 175 17.2 169 16.7 165 16.4 162 123 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1IN, F321H A182
193 183 179 175 17.2 169 16.7 165 16.4 162 123 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 117 WP31 A403
19.3 183 179 175 17.2 169 16.7 165 16.4 162 123 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 WPF21H  A403
180 17.0 16.6 163 16.1 159 157 15.6 15.4 153 151 124 9.8 7.4 5.5 4.1 3.1 2.3 1.7 1.3 WP316H  A403
18.0 17.0 16.6 163 16.1 159 157 156 154 153 151 124 9.8 7.4 5.5 4.1 3.1 2.3 1.7 1.3 F314H A182
20.0 193 19.0 187 185 183 18.2 181 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 1.3 WP347H  A403
20.0 193 19.0 18.7 185 183 18.2 18.1 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 1.3 B34 A182
20.0 193 19.0 187 185 183 18.2 181 181 181 174 141 105 7.9 5.9 4.4 372 2.5 1.8 1.3 WP347 A403
20.0 193 19.0 187 185 183 18.2 18.1 181 181 174 141 105 7.9 5.9 4.4 32 2.5 1.8 13 P34 A182
20.0 193 19.0 187 185 183 18.2 181 181 181 174 141 105 7.9 5.9 Ly 3.2 2.5 1.8 1.3 WP348 A403
20.0 193 19.0 187 185 183 18.2 181 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 1.3 F34JH A182
20.0 193 19.0 18.7 185 183 182 18.1 181 181 174 141 105 7.9 59 4.4 3.2 2.5 1.8 1.3 F348H A182
18.0 17.0 16.6 163 16.1 159 157 156 154 153 151 124 9.8 7.4 5.5 4.1 3.1 2.3 1.7 13 F31 A182
180 17.0 16.6 163 16.1 159 157 15.6 15.4 153 151 124 9.8 7.b 5.5 4.1 3.1 23 1.7 1.3 WP316 A403
18.0 17.0 16.6 163 16.1 159 157 156 154 153 151 124 9.8 4 5.5 4.1 3.1 2.3 1.7 1.3 WP317 A403
17.5 16.6 162 158 155 152 149 14.6 143 140 124 9.8 o4 6.1 4.7 3.7 2.9 2.3 1.8 1.4 F30 A182
17.5 16.6 16.2 158 155 152 149 14.6 143 140 124 9.8 7.7 6.1 4.7 3.7 2.9 2.3 1.8 1.4 WP304 A403
17.5 16.6 16.2 15.8 155 152 149 14.6 143 140 124 98 7.7 6.1 4.7 3.7 2.9 2.3 1.8 1.4 WP304H A403
17.5 16.6 16.2 158 155 152 149 14.6 143 140 124 9.8 7.7 6.1 4.7 3.7 2.9 2.3 1.8 1.4 F304H A182
17.1 Fo04L A182
221 2.6 212 206 200 19.2 17.2 123 88 64 . . o . FéalCl. 1 A182
26.9 262 25.7 251 243 233 172 123 88 (6.4 4.4 2.9 1.8 1.0 FéalCl. 2 A182
252 P41 23.8 23.6 234 232 230 F44 A182
25.2 P41 23.8 23.6 23.4 232 23.0 WPS31254 A403
252 P41 238 23.6 234 232 230 CRSB1254 A403
27.7 26.2 25.7 25.1 24.7 243 F62 A182
2277 262 25.7 25.1 247 243 WPEXN A403
:; 27.7 262 257 25.1 244 \24.3 CR6XN A403
285 185 o AB15
1287 18.4 220 A182
28.7 18.4 220 A815
339 339 A182
33.9 33.9 . A815
Féa Cl. 3 A182

Féb A182

345 343 F53 A182
345 343 WPS32750 A815
34.5 343 CRS32750 A815
Féa Cl. 4  A182

187
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(14) 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.

Class/ Min. 5 b ksi Min.
Product Spec. Type/  UNS Condition/ P-No. Temp., _Strength, ksi Temp.
Material Form No.  Grade No.  Temper Size, in. (5) Notes °F (6) Tensile Yield to 100 200 300 400
Stainless Steel (3)(4a) (Cont’d)
Bar
18Cr-8Ni . A479 304 S30400 8 (26)(28)(31) -425 75 30 20.0 20.0,24.0 18.6
18Cr-8Ni A479  304H 530409 8 (26)31) -325 75 30 20.0(C20.0 24.0 18.7
18Cr-8Ni A479 304L S30403 8 (1) -425 70 25 16.7),16.7 14.7 15.8
16Cr-12Ni-2Mo A479 316 531600 8 (26)(28)(31) -325 75 30 20,0 20.0 24.0 19.3
16Cr-12Ni-2Mo A479 316H $31609 8 (26)31) -325 75 30N 20.0 20.0 24.0 19.3
16Cr-12Ni-2Mo A479 316L 531603 8 (31 -425 70y 25 16.7 16.7 14.7 15.5
18Cr-10Ni-Ti A479 321 $32100 8 .. -325 757 30 20.0 20.0 24.0 20.0
18Cr-10Ni-Ti A479 321 532100 8 (28)(30) -325 75 30 20.0 20.0 24.0 20.0
18Cr-10Ni-Ti ce. A479 321H 532109 8 -325 75 30 20.0 20.0 29.0 20.0
18Cr-10Ni-Ch A479 347 S34700 8 S425 75 30 20.0 20.0 24.0 20.0
18Cr-10Ni-Ch A479 347 S34700 8 (28)30) -425 75 30 20.0 20.0 20.0 20.0
18Cr-10Ni-Ch A479  347H 534709 8 -325 75 30 20.0 20.0 24.0 20.0
44Fe-25Ni-21Cr-Mo A479  904L N08904 45 -325 71 31 20.7 20.7 2Q.4 18.7
20Cr-18Ni-6Mo e A479 ... S31254 8 e -325 95 45 30.0 30.0 295 273
46Fe-24Ni-21Cr-6Mo-Cu-N ... A479 ... N08367 45 (26) -325 95 45 30.0 30.0 249 28.6
21Cr-5Mn-1.pNi-Cu-N . A479 ... $32101 e 10H (25) -20 94 65 31.3 31.3 298 28.5
22Cr-5.5Ni-3Mo-N A479 2205 532205 10H (25) -60 95 65 31.7 31.7 34.6 29.4
22Cr—13Ni—5Mn . A479 XM-19  S20910 e 8 e -20 100 55 333 33.1 314 30.4
29Cr—6.5Ni-2Mo-N A479 ... 532906 10H (25) -60 109 80 36.3 36.3 345 33.5
25Cr-7Ni-4Mp-N L. A479 ... 532750 .. <2 thk™" 10H (25) -60 116 80 38.7 38.5 3§44 35.1
Castings|(2)
28Ni-20Cr-2Mo-3Cb . A351 CN7M 95150 45 (9)(30) -325 62 25 16.7
35Ni-15Cr-Mp e A351 HT30 N08603 45  (36)(39) -325 65 28 187 ... ..} ...
25Cr-13Ni A351 CH8 193400 8 9)31) -325 65 28 18.7 18.7 185 180
25Cr-20Ni A351 (K20 194202 8 9)(27)(31)(35)(39) -325 65 28 18.7 187 145 18.0
15Cr-15Ni-2Mo-Ch ... A351 CF10MC . 8 (30) -325 70 30 200 ... ..} ...
18Cr-8Ni A351 CF3 192500 8 ) -425 70 30 20.0 20.0 20.0 18.6
17Cr-10Ni-2Mo A351 (CF3M 192800 8 ) -425 70 30 20.0 20.0 24.0 19.2
18Cr-8Ni .. A351_JCF8 192600 8 9)(26)(27)31) 425 70 30 20.0 20.0 20.0 18.6
25Cr-13Ni A351 CH10 193401 8 (27)31)(35) -325 70 30 20.0 20.0 24.0 20.0
25Cr-13Ni e A351 CH20 193402 8 9)27)(31)(35)(39) -325 70 30 20.0 20.0 24.0 20.0
20Cr-10Ni-C A351 CF8C 192710 8 9)(@27)(30) -325 70 30 20.0 20.0 24.0 20.0
18Cr-10Ni-2Mo A351 CF8M 192900 8 9)(26)(27)30) -425 70 30 20.0 20.0 2d.0 18.6
25Cr-20Ni e A351 HK40 194204 8 (35)(36)(39) -325 62 35 20.7
25Cr-20Ni o A351 HK30 194203 8 (3539 -325 65 35 217
18(:r_8N| A351] CE3A IIO’)E(\{\ 8 (Q)(E6) =425 77 30 233 233 ) 7 217
18Cr-8Ni A351 CF8A 192600 8 (9)26)(56) -425 77 35 233 233 227 217
25Cr-10Ni-N . A351 CE20N  ]92802 8 (35)39) -325 80 40 26.7 26.7 26.7 26.7
120r A217 CALS  J91150 ... ... 6 (3 -20 90 65 30.0 30.0 29.4 289
24Cr-10Ni-Mo-N . A351 CE8MN ... e 10H (9) -60 95 65 31.7 31.6 29.3 28.2
25Cr-8Ni-3Mo-W-Cu-N . A351 (D3M- ... e 10H (9)(25) -60 100 65 33.3 33.2 31.4 30.3
WCuN
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 [Note (1)]

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 (3)(4a) (Cont’d)

Bar
17.5 16.6 16.2 158 15.5 152 149 14.6 143 140 12.4 9.8 7.7 6.1 4.7 3.7 2.9 2.3 1.8 1.4y 304 A479
17.5 16.4 16.2 160 15.6 15.2 149 14.6 144 138 122 97 77 60 47 3.7 2.9 23 1.8 1@, 304( A479
14.8 140 137 135 133 130 128 119 99 7.8 6.3 5.1 4.0 3.2 2.6 2.1 1.7 1.1 1.0 0.9 304 A479
179 17.0 16.7 163 16.1 159 157 155 154 153 145 124 98 7.4 55 4.1 3.1 2.3 1.7 13 316 A479
179 17.0 16.7 163 16.1 159 157 155 154 153 145 124 9.8 7.4 5.5 4.1 3.1 2.3 e 1.3 316f A479
144 135 13.2 129 126 124 121 11.8 115 112 108 102 88 6.4 47 3.5 2.5 1.8 1.3 1.0 316 A479
193 183 179 175 17.2 169 167 16,5 164 162 9.6 6.9 50 3.6 26 1.7 1.1 0.8 0.5 03 321 A479
193 183 179 175 17.2 169 16.7 16,5 16.4 162 123 9.1 6.9 54 41 3.2 2.5 1.9 1.5 1.1 321 A479
193 183 179 175 17.2 169 16.7 16.5 16.4 162 123 9.1 6.9 54 41 3.2 2.5 1.9 1.5 1.1 321 A479
20.0 193 19.0 187 185 183 182 181 181 160 12.1 9.1 6.1 44 33 2.2 15 1.2 0.9 0.8 347 A479
20.0 19.3 19.0 187 185 183 18.2 181 181 181 174 141 105 7.9 5.9 4.5 3.2 2.5 1.8 1.3 347 A479
200 193 19.0 18.7 185 183 18.2 181 18.1 181 174 141 105 79 59 by 3.2 2.5 1.8 1.3 347H A479
280 ... 904 A479
25.8 P4.7 243 24.1 23.9 237 236 ... ... A479
27.7 262 257 251 247 243 ... ... ... ... A479
287 WA ... ol e e e e e L. 220 A479
29.7 19.2 29.0 288 28.6 283 279 275 27.0 263 255 204 18O 83 ... e e e . oo XM19 A479

Captings (2)

CN7 A351
17.7 171 167 163 159 154 149 144 139 111 8.5 6.5 50 38 29 23 1.8 1.3 09 0.8 CH8 A351
17.7 171 167 163 159 154 149 144 _139 113 9.8 85 73 60 48 35 2.4 1.6 11 0.8 CK2 A351
17.5 16.6 16.2 158 155 152 ... (... ... ... ... (R A351
17.9 17.0 16.6 163 16.0 158 1574<.. ... ... ... CE3Ip A351
17.5 16.6 16.2 158 155 1528149 146 143 122 95 7.5 60 48 39 33 27 23 2.0 1.7 (F8 A351

20.0 20.0 20.0 20.0 20.0, 20,00 20.0 20.0 20.0 11.1 8.5 6.5 50 38 29 2.3 1.8 1.3 0.9 0.8 CH1p A351
20.0 20.0 20.0 20.0 20:0_20.0 20.0 20.0 20.0 11.1 8.5 6.5 50 38 29 23 1.8 13 0.9 0.8 CH2p A351

200 200 ... Lo N4 e oo o el ... (F8 A351
17.5 16.6 16.2 A58155 152 149 146 143 140 121 9.1 6.1 44 33 2.2 1.5 1.2 0.9 0.8  CF8ljr A351
HK4p A351
HK3p A351
204 193% 189 185 CR3 A351
204 193 189 185 ... ... .o oo oLl ... CF8A A351
267 267 267 267 267 267 267 267 ... ... . . e e . e e e ... CE20N A351
284 277 272 265 175 168 149 110 7.6 50 3.3 23 15 1.0 ... ... CA15 A217
282 282 ... ... o oo e e e ... (CES8WMN A351
298 296 ... ... oo o o0 e e ... (D3M- A351
WCuN
348 339 333 324 ... ... . o0 oo Ll ... CA6NM A487
cl.A
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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
Class/ Min. Min. X
Product UNS  Condition/ Temp., S“Lth’ks'
Nominal Composition Form  Spec. No. No. Temper Size Range, in.  P-No. (5)(7) Notes °F (6) Tensile Yield
Copper and Copper Alloy
Pipes and Tubes )
Pipe B42 C10200 061 . 31 A -452 30, 9
Pipe B42 C12000 061 . 31 - —452 30 9
Pipe B42 C12200 061 - 31 e -452 30 9
Tube B75 C10200 050 A 31 - —452 30 9
Tube B75 C10200 060 . 31 A =452 30 9
Tube B75 C12000 050 - 31 - =452 30 9
Tube B75 C12000 060 . 31 A -452 30 9
Tube B75 C12200 050 e 31 - —452 30 9
Tube B75 C12200 060 . 31 o~ -452 30 9
Tube B68 C12200 050 e 31 (22) —452 30 9
Tube B68 C12200 060 . 31 (24) —452 30 9
Tube B88 C12200 050 e 31 (24) -452 30 9
Tube B88 C12200 060 . ¥ (24) —452 30 9
Tube B280 C12200 060 e 31 4) —452 30 9
Red brass Pipe B43 C23000 061 e 32 . -452 40 12
90Cu—10Ni . B467 C70600 WO50 > 4.5 0.D. 34 (14) -452 38 13
90Cu—10Ni - B467 C70600 WO61 > 4.5 0.D, 34 (14) —452 38 13
90Cu—10Ni Ce B466 C70600 Annealed ... 34 (14) -452 38 13
90Cu—10Ni - B467 C70600 WO50 <@5 0.D. 34 (14) —452 40 15
90Cu—10Ni Ce B467 C70600 WO61 <%.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 WOQ61 > 4.5 0.D. 34 (14) -452 45 15
80Cu—20Ni - B466 C71000 Anfiealed < 4.5 0.D. 34 (14) —452 45 16
Pipe B42 C102Q0 “~H55 NPS 21/2 thru 12 31 (14)(34) —452 36 30
Pipe B42 C12000° H55 NPS 21/2 thru 12 31 (14)(34) —452 36 30
Pipe B42 €12200 H55 NPS 21/2 thru 12 31 (14)(34) -452 36 30
Tube B75 10200 H58 A 31 (14)(34) -452 36 30
Tube B75 C12000 H58 e 31 (14)(34) —452 36 30
Tube BZ5 C12200 H58 A 31 (14)(34) -452 36 30
Tube B88 C12200 H58 . 31 (14)(24)(34) -452 36 30
70Cu—30Ni . B466 C71500 060 e 34 (14) -452 52 18
70Cu—30Ni NS B467 C71500 WO50 < 4.5 0.D. 34 (14) —452 50 20
70Cu—30Ni . B467 C71500 WO61 < 4.5 0.D. 34 (14) -452 50 20
Pipe B42 €10200 H80 NPS 4 thru 2 31 (14)(34) ~452 45 | 40
Pipe B42 C12000 HB80 NPS 1/g thru 2 31 (14)(34) —452 45 40
Pipe B42 C12200 H80 NPS Y, thru 2 31 (14)(34) -452 45 | 40
Fabe B75 £10200—H36 — 24 -4 E4 452 45 40
Tube B75 C12000 H80 . 31 (14)(B4) -452 45 40
Tube B75 C12200 HB80 - 31 (14)(34) —452 45 40
Plates and Sheets
B152 C10200 025 . 31 (14)(24) —452 30 10
B152 C10400 025 - 31 (14)(24) —452 30 10
B152 C10500 025 e 31 (14)(24) -452 30 10
B152 C10700 025 - 31 (14)(24) —452 30 10
B152 C12200 025 e 31 (14)(24) -452 30 10
B152 C12300 025 - 31 (14)(24) —452 30 10
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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 [Note (1)]

Min.
Temp. UNS
to 100 150 200 250 300 350 400 450 500 550 600 650 700 No. Spec. No.
Copper and Copper Alloy
Pipes and Tubes )
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 Ce e A A C10200( B42
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 . . .. . C12000( B42
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 A . A A C12200( B42
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 e . e . C10200( B75
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 c. e ce A C10200( B75
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 Ce. . . Y oo C12000( B75
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 A e Ce V. . C12000( B75
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 . - LR A C12200( B75
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 A e AN e C12200( B75
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 e . J . - C12200( B68
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 c. .. e ce ce C12200( B68
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 ... O . e C12200| B88
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 .. A Ce Ce C12200( B88
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 . R ... - C12200| B280
8.0 7.9 7.9 7.9 7.9 7.0 5.0 2.0 c. N\ . e ... - C23000| B43
8.7 8.4 8.2 8.0 7.8 7.7 7.5 7.4 73 7.0 6.0 S S C70600| B467
8.7 8.4 8.2 8.0 7.8 7.7 7.5 7.4 73 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 e e C70600| B466
10.0 9.7 9.5 9.3 9.1 8.9 8.7 805 8.0 7.0 6.0 e e C70600| B467
10.0 9.7 9.5 9.3 9.1 8.9 8.7 85 8.0 7.0 6.0 A e 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 99 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 . ... .. e .. .. C10200( B42
12.0 11.6 10.9 10.4 10.0 9.8 9.5 ce A . e e Ce C12000( B42
12.0 11.6 10.9 10.4 10.0 9.8 9.5 Ce e A e A A C12200( B42
12.0 11.6 10.9 10.4 10:0 9.8 9.5 A c. c. e ce A C10200( B75
12.0 11.6 10.9 10.4 10:0 9.8 9.5 Ce e e e . A C12000( B75
12.0 11.6 10.9 10.4 10.0 9.8 9.5 c. A A . Ce A C12200( B75
12.0 11.6 10.9 10.4 10.0 9.8 9.5 e ... ... . . . 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 - ... ... c. e . C10200| B42
15.0 1425 13.6 13.0 12.6 12.2 4.3 A c. c. ce ce . C12000( B42
15.0 14.5 13.6 13.0 12.6 12.2 4.3 .. ... ... R ... L. C12200| B42
15.0 b 13-6 13-6 126 122 43 — — — — — — €1+62001 B75
15.0 14.5 13.6 13.0 12.6 12.2 4.3 . Ce A e e A C12000 B75
15.0 14.5 13.6 13.0 12.6 12.2 4.3 R . ce. .. .. .. C12200 B75
Plates and Sheets
6.7 5.7 5.4 5.3 5.0 4.0 3.0 2.3 1.7 o . R e C10200 B152
6.7 5.7 5.4 5.3 5.0 4.0 3.0 2.3 1.7 c. . Ce Ce C10400 B152
6.7 5.7 5.4 5.3 5.0 4.0 3.0 2.3 1.7 e e A A C10500 B152
6.7 5.7 5.4 5.3 5.0 4.0 3.0 2.3 1.7 c. ce ce A C10700 B152
6.7 5.7 5.4 5.3 5.0 4.0 3.0 2.3 1.7 .. - e R C12200 B152
6.7 5.7 5.4 5.3 5.0 4.0 3.0 2.3 1.7 . Ce Ce ce C12300 B152

-2 S
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

ASME B31.3-2014

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified
Class/ Min. s M'"h' ksi
Product UNS  Condition/ Temp., Strength, ksi.
Nominal Composition Form  Spec. No. No. Temper Size Range, in.  P-No. (5)(7) Notes °F (6) Tensile Yield
Copper and Copper Alloy (Cont’d)
Plates and Sheets (Cont’d)
90Cu—-10Ni B171 C70600 ... < 2.5 thk. 34 (14) —452 40 15
Cu-Si B96 C65500 061 e 33 - —452 52 18
70Cu-30Ni B171 C71500 ... < 2.5 thk. 34 (14) -452 50 20
Al-bronze B169 C61400 025 < 2.0 thk. 35 (13) —452 70 30
Al-bronze B169 C61400 060 < 2.0 thk. 35 (13) =452 70 30
Forgings
Cu B283 C11000 31 (14) —452 33 11
High Si-brqnze (A) B283 C65500 33 (2] -452 52 18
Forging braps B283 C37700 a (14) -325 58 23
Leaded naval brass B283 C48500 a (14) -325 62 24
Naval brasg B283 C46400 32 (14) -425 64 26
Mn-bronze| (A) B283 C67500 32 (14) -325 72 34
Castings |(2)
Compositioh bronze B62 C83600 a 9) -325 30 14
Leaded Ni—pronze B584 C97300 a -325 30 15
Leaded Ni—pronze B584 C97600 a -325 40 17
Leaded Sn-tbronze B584 €92300 El -325 36 16
Leaded Sn-tbronze B584 €92200 a S -325 34 16
Steam bronjze B61 €92200 a 9 -325 34 16
Sn-bronze B584 C90300 b -325 40 18
Sn-bronze B584 C90500 b -325 40 18
Leaded Mntbronze B584 C86400 a 9 -325 60 20
Leaded Ni—pronze B584 €97800 El -325 50 22
No. 1 Mn-lronze B584 €86500 b -325 65 25
Al-bronze B148 €95200 35 9) —425 65 25
Al-bronze B148  (C95300 35 © -425 65 25
Si—Al-bronge B148 C95600 35 Ce -325 60 28
Al-bronze B148 C95400 35 -325 75 30
Mn—bronze| B584 C86700 a -325 80 32
Al-bronze B148 C95500 35 -452 90 40
High strength B584 (86200 b -325 90 | 45
Mn—bronge
High strength B584 C86300 b -325 110 60
Mn—bronke
Rod
Si-brass B371  (C69300 HO02 <Y a -325 85 45
Si-brass B371 (69300 HO02 >, <1 a -325 75 35
Si—brass B371 C69300 HO2 >1,<2 a -325 70 30
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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 [Note (1)]

Min.
Temp. UNS
to 100 150 200 250 300 350 400 450 500 550 600 650 700 No. Spec. No.
Copper and Copper Alloy (Cont’d)

Plates and Sheets (Cont’d)
10.0 9.7 9.5 9.3 9.1 8.9 8.7 8.5 8.0 7.0 6.0 e A C70600 B171

12.0 11.9 11.9 11.7 11.6 10.0 C65500 B96
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 C€71500 B171
20.0 19.9 19.8 19.7 19.5 19.4 19.2 19.0 18.8 . A . . €61400 B169
20.0 19.9 19.8 19.7 19.5 19.4 19.2 19.0 18.8 A Ce Ce ol C61400 B169
Forgings
7.3 6.2 6.0 5.8 5.0 4.0 3.0 2.3 1.7 e e PR . C11000 B283
12.0 11.9 11.9 11.7 11.6 10.0 6.7 C65500 B283
15.3 14.5 13.9 13.3 10.5 7.5 2.0 e Ce Ce . . . C37700 B283
16.0 16.0 16.0 16.0 16.0 16.0 16.0 Ce e e S . e C48500 B283
17.3 17.3 17.3 17.3 17.1 6.3 2.5 A A A e A e C46400 B283
22.7 22.7 22.7 22.7 22.7 22.7 22.7 e e &) Ce . . C67500 B283
Captings (2)

9.3 9.3 9.2 8.6 8.1 7.7 7.4 7.3 N, . e ce A €83600 B62
10.0 C97300 B584
11.3 10.1 9.5 9.1 8.7 C97600 B584
10.7 10.7 10.7 10.7 10.7 10.7 10.7 e, e e A A . €92300 B584
10.7 9.6 9.5 9.4 9.2 8.9 8.6 . - e . . . €92200 B584

10.7 9.6 9.5 9.4 9.2 8.9 8.6 8.4 8.3 8.3 A e Ce C92200 B61
12.0 12.0 12.0 12.0 12.0 12.0 12:0 Ce e Ce . A A C90300 B584
12.0 12.0 12.0 12.0 12.0 12.0 12.0 A A c. e e e C90500 B584
13.3 13.3 13.3 13.3 13.3 13.3 A A A A e A e C86400 B584
14.7 14.7 14.7 14.7 14.7 14.7 e - - e e e A C97800 B584
16.7 16.7 16.7 16.7 1677 16.7 ce A c. c. A ce A C86500 B584
16.7 15.7 15.2 14.8 14.5 14.3 14.2 14.1 14.1 11.7 7.4 Ce A C95200 B148
16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 e e C95300 B148
18.7 C95600 B148
20.0 19.0 18.7, 18.5 18.5 18.5 18.5 16.0 13.9 e A A ce C95400 B148
21.3 21.3 21.3 21.3 21.3 21.3 Ce C86700 B584
26.7 26.7 26.7 26.7 26.7 26.7 26.7 26.7 26.7 e - - . C95500 B148
30.0 30.0 30.0 30.0 30.0 30.0 . . . e e . A €86200 B584
36.7 36.7 36.7 36.7 36.7 36.7 e Ce Ce Ce . A e €86300 B584
Rod
28.3 25.9 25.4 25.4 25.4 Ce e . e - e . A C69300 B371
23.3 20.2 19.8 19.8 19.8 A A c. c. - . - Ce C69300 B371
20.0 17.3 17.0 17.0 17.0 . . - . Ce e A A C69300 B371
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ASME B31.3-2014

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

. . Min.
Size Min. Specified M"?' emp.
Nominal Spec.  UNS Class/Condition/ ~ Range,  P-No. Temp., Strength, ksi -,
Composition No. No. Temper in. (5) Notes °F(6) Tensile Yield 100 200 300 400 500 600 650
Nickel and Nickel Alloy (4a)
Pipes anfl Tubes (2)

Low C-Ni B161 N02201 Annealed >50.D. 41 -325 50 10 6.7 6.4 63 63 63\ 63 6.2

Low C-Ni B725 N02201 Annealed >50.D. 41 -325 50 10 6.7 64 63 63 "63 63 6.2

Ni B161 N02200 Annealed >50.D. 41 -325 55 12 8.0 80 80 80780 8.0

Ni B725 N02200 Annealed >50.D. 41 -325 55 12 8.0 80 80 _'80* 80 80 ...

Low C-Ni B161 N02201 Annealed <50.D. 41 -325 50 12 8.0 7.7 1A IS5 7.5 75 7.5

Low C-Ni B725 N02201 Annealed <50.D. 41 -325 50 12 8.0 7.7 , 715/ 75 75 75 7.5

Ni B161 N02200 Annealed <50.D. 41 =325 55 15 10.0 10.0.%10.0 10.0 10.0 10.0

Ni B725 N02200 Annealed <50.D. 41 -325 55 15 10.0 100+ °10.0 10.0 10.0 10.0

Ni-Cu B165 NO04400 Annealed >50.D. 42 -325 70 25 16,7 ¥ 146 13.6 13.2 13.1 13.1] 13.1

Ni-Cu B725 NO4400 Annealed >50.D. 42 -325 70 25 16,7 146 13.6 132 13.1 13.1] 13.1

Ni-Fe-Cr B407 NO08800 H.F. or H.F. ann. . 45 -325 65 25 16.7 167 167 16.7 16.7 16.7] 16.7

Ni-Cr-Fe B167 N06600 H.F. or H.F. ann. >50.D. 43 -325 75 25 16.7 167 167 16.7 16.7 16.7] 16.7

Ni-Fe-Cr B407 N08810 C.D. sol. ann. or 45 (62) -325 65 25 16.7 167 167 167 167 16.5 16.1

H.F. ann.
Ni-Fe-Cr B514 NO08810 Annealed 45 (62)  -325 65 25 16.7 167 167 16.7 16.7 16.5 16.1
Ni-Fe-Cr B407 N08811 C.D. sol. ann. or 45 (62) -325 65 25 16.7 167 167 167 16.7 16.5 16.1
H.F. ann.

Ni-Cu B165 NO04400 Annealed <50.D. 42 =325 70 28 18.7 164 152 147 147 147 147

Ni-Cu B725 NO4400  Annealed <50.D. 42 =325 70 28 18.7 164 152 147 147 147 147

Ni-Fe-Cr-Mo B619 N08320 Sol. ann. 45 -325 75 28 18.7 187 187 187 187 186 182

Ni-Fe-Cr-Mo B622 N08320 Sol. ann. 45 -325 75 28 18.7 187 187 187 187 186 182

Low C-Ni B161 N02201  Str. rel. 41 -325 60 30 20.0 200 19.8 19.8 19.7 19.0

Low C-Ni B725 N02201  Str. rel. 41 -325 60 30 20.0 200 19.8 198 19.7 19.0 ...

Ni-Fe-Cr B514 NO08800 Annealed e 45 -325 75 30 20.0 200 20.0 20.0 20.0 20.00 20.0

Ni-Cr-Fe B167 N06600 H.F. or H.F. ann. <5 0.D. 43 -325 80 30 20.0 20.0 20.0 20.0 20.0 20.0f 20.0

Ni-Cr-Fe B167 N06600 C.D. ann. >'5 0.D. 43 -325 80 30 20.0 20.0 20.0 20.0 20.0 20.00 20.0

Ni-Fe-Cr B407 N08800 C.D. ann. 45 (61)  -325 75 30 20.0 200 20.0 20.0 20.0 20.00 20.0

Ni-Fe-Cr-Mo B668 N08028 Sol. ann. 45 -325 73 31 20.7  20.7 20.7 20.7 20.7 19.5 18.9

Ni B161 N02200  Str.rel. 41 =325 65 40 217 217 216 216 214 20.6

Ni B725 N02200 «Str.rel. 41 -325 65 40 217 217 216 21.6 214 206 ...

Cr-Ni-Fe-Mo1Cu—-Cb B464  N08020Annealed 45 -325 80 35 233 233 233 233 233 233 233

Cr-Ni-Fe-MotCu-Cb B729 NO8020 = Annealed 45 -325 80 35 233 233 233 233 233 233 233

Ni-Cr-Fe-Mo{Cu B423,~N08825 C.D. ann. 45 -325 85 35 233 233 233 233 233 233 233

Ni-Cr-Fe-Mo+Cu B705~" N08825 ... 45 -325 85 35 233 233 233 233 233 233 233

Ni-Cr-Fe-Mo{Cu B619 N06007 Sol. ann. 45 -325 90 35 233 233 233 233 233 22.7] 224

Ni-Cr-Fe-Mo1Cu B622 N06007 Sol. ann. 45 -325 90 35 233 233 233 233 233 227 224

Ni-Cr-Fe-Mo-LW B619—NO6636—Sot—anh- 45 325 85 35 B 3I—233—233—332 1243 0.9
* Ni-Cr-Fe-Mo-W B622 N06030 Sol. ann. 45 -325 85 35 233 233 233 232 221 213 209

Ni-Cr-Fe-Mo-W B626 N06030 Sol. ann. ce 45 -325 85 35 233 233 233 232 221 213 209
" Ni-Cr-Fe B167 N06600 C.D. ann. <50.D. 43 -325 80 35 233 233 233 233 233 233 233
" Ni-Cr-Fe B517 N06600 C.D. ann. 43 -325 80 35 233 233 233 233 233 233 233
* Ni-Mo-Cr B619  N06455 Sol. ann. 43 -325 100 40 26,7 267 26.7 267 267 267 267
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ASME B31.3-2014

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 [Note (1)]

UNS  Spec.
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 1,550 1,600 1,650  No. No.

Nickel and Nickel Alloy (4a)
Pipes and [Tubes (2)

62 |61 60 58 45 37 3.0 24 20 15 1.2 .\, "NOP201 B161
62 |61 6.0 58 45 37 30 2.4 20 15 1.2 .. J.. NOP201 B725
NOP200 B161
74 |73 72 58 45 37 30 24 20 15 1.2 N e e e e e . of ).. ... NoP201 B161
74 |73 72 58 45 37 30 24 2.0 15 1.2 . . . S A e Lo e ... NOP201 B725
NOP200 B161
NOP200 B725

13.0 129 127 110 80 ... ... ... ... N (0] 20O AR
13.0 12,9 127 11.0 80 ... ... oo ool oo oo e e e e Y s oee oo o NOg400  B725
16.7 16.7 16.7 16.7 16.7 16.7 16.6 163 130 98 6.6 42 20 16 1.1 1.0 08 ... ... ... NO$800 B407
16.7 16.7 16.7 16.7 160 106 7.0 45 3.0 22 20 ... ... ... S&.) ... ... ... ... ... NOg600 B167
15.7 153 150 147 145 142 140 138 116 93 74 59 47 3830 24 19 14 11  0.86 NO$810 B407

15.7 153 150 147 145 142 140 138 116 93 7.4 59 47 %38 3.0 24 19 14 1.1 0.86 NO$810 B514
157 153 150 14.7 145 142 140 138 129 104 83 6.7 547, 43 34 27 22 1.6 12  0.91 NOg811l B407

146 145 143 110 80 ... ... ... ... NO4400 B165
146 145 143 110 80 ... ... ... ... NO4400 B725
178 175 17.2 ... ... ... ... ... NO$320 B619
178 175 17.2 ... ... ... ... ... NO$320 B622
NOP201 B161
20.0 20.0 20.0 20.0 20.0 20.0 199 170 13.0~"98 6.6 4.2 20 16 11 10 08 ... ... ... NO$800 B514
20.0 0.0 20.0 20.0 16.0 106 7.0 45 3.0 22 20 ... cee e oee oo oo ... NOoe600 B167
20.0 20.0 20.0 20.0 16.0 106 7.0 &5 30 22 20 ... ... NO§600 B167

20.0 30.0 20.0 20.0 20.0 20.0 199 “¥7.0 13.0 9.8 6.6 4.2 20 16 11 1.0 08 ... ... ... NO$800 B4O7
183 17.7 172 167 ... ... =N/ oo .l ... NO028 B668
NOP200 B161
233 132 227 ... AN L cee e oo oee e e e NOg020  Bab4
233 12 227 ... SN 0 o cee e oee oo oee oo ... Nog020 B729
233 132 23.0 229. 228 226 223 ... cee e aee oo e oo NOogs25 B423
233 332 23.00\229 228 226 223 ... ... ... NOg825 B705
222 22,0 (21.8.721.7 200 195 189 ... ... ... NOg007 B619
222 020,218 ... ... ... L. ... NO§007 B622
205 WH—F——— —_— 06030 B619
205 201 197 ... ... o Lo L ceeee oo o e oo o N06030 B622
205 201 197 ... ... o oo Ll ... N06030 B626
233 233 233 233 160 106 7.0 45 3.0 22 20 ... ... NO06600 B167
233 233 233 233 160 106 7.0 45 30 22 20 ... ceeeee e oo oo oo ... NO6600 B517
265 262 258 ... ... ... ... ... ... NO6455 B619
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

ASME B31.3-2014

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Class/ Min. Specified Mi'f' Min.
Product Spec. Type/ Condition/  Size Range, P-No. Temp., M Temp.

Nominal Composition Form No. Grade  UNS No. Temper in. (5) Notes °F(6) Tensile Yield to 100 200 300 400 500
Nickel and Nickel Alloy (4a) (Cont’d)

Pipes andTubes (2) (Cont’d)
Ni—Cr-Mo—Fe B619 ... N06002 Sol. ann. 43 -325 100 40 26.7 26.7 26y7 \26)7 25.5
Ni—Cr—Mo—Fe} B622 ... N06002 Sol. ann. 43 -325 100 40 26.7 26.7 26,7 °26)7 25.5
Low C-Ni-Fe-Cj-Mo-Cu B619 ... N08031 Annealed 45 -325 94 40 267 267|267 24)7 233
Low C-Ni-Fe-CJ-Mo-Cu B622 ... N08031 Annealed 45 =325 94 40 267 267 26.7 24)7 23.3
Ni—-Mo-Cr B622 ... N06455 Sol. ann. 43 -325 100 40  26.7\ 26.7 26.7 267 26.7
Ni-Mo-Cr B619 ... N10276 Sol. ann. 43 -325 100 41 ~27.3 27.3 27.3 27§13 26.9
Ni—-Mo-Cr B622 ... N10276 Sol. ann. 43 -325 100 41, 273 27.3 27.3 27§13 26.9
Ni-Mo-Cr B626 ... N10276 Sol. ann. 43 -325 100 41 273 27.3 27.3 27§13 26.9
Ni—Cu B165 ... N04400 Str. rel. 42 (54) -325 85 55 28.3 28.3 28.3 283 28.3
Ni—Cu B725 ... NO04400  Str. rel. 42 (54) -325 85 55 28.3 28.3 28.3 283 28.3
Fe—Ni-Cr—Mof-Cu-N B675 ... N08367 Annealed > 3/16 45 =325 95 45 30.0 30.0 29.9 28l6 27.7
Fe—Ni—Cr-Mo}-Cu-N B690 ... N08367 Annealed > 3/16 45 %325 95 45 30.0 30.0 29.9 28l6 27.7
Fe—Ni—Cr—Mof-Cu-N B804 ... N08367 Annealed > 3/16 45 ~325 95 45 30.0 30.0 29.9 28l6 27.7
Fe—Ni—Cr-Mof-Cu-N B675 ... N08367 Annealed <3 16 45 -325 100 45 30.0 30.0 30.0 29{6 27.7
Fe—Ni—Cr—Mof-Cu-N B690 ... N08367 Annealed < 3/16 45 -325 100 45 30.0 30.0 30.0 29)6 27.7
Fe—Ni—Cr-Mof-Cu-N B804 ... N08367 Annealed < 3/16 45 -325 100 45  30.0 30.0 29.9 28l6 27.7
Ni-Cr-Mo B619 ... N06022 Sol. ann. P 43 -325 100 45 30.0 30.0 30.0 30J0 29.0
Ni-Cr-Mo B622 ... N06022 Sol. ann. 43 -325 100 45 30.0 30.0 30.0 30J0 29.0
Ni-Cr-Mo B619 ... N06035 Sol. ann. 43 -325 85 35 23.3 233 23.3 22{2 20.6
Ni-Cr-Mo B622 ... N06035 Sol. ann. 43 -325 85 35 23.3 233 23.3 22]2 20.6
Ni-Cr—-Mo B626 ... N06035 Sol. ann. 43 -325 85 35 23.3 233 23.3 22{2 20.6
Low C-Ni-CrtMo B619 ... N06059 Sol. ann. 43 -325 100 45 30.0 30.0 30.0 30J0 29.7
Low C-Ni-CrtMo B622 ... N06059 Sol. ann. e 43 -325 100 45 30.0 30.0 30.0 300 29.7
Low C-Ni-CrtMo B626 N06059 Sol,*ahn) All 43 -325 100 45 30.0 30.0 30.0 30j0 29.7
Low C-Ni-CrtMo B619 ... N06200 Sol.qann. All 43 -325 100 45 30.0 30.0 30.0 300 28.6
Low C-Ni-CrtMo B622 ... N06200+ Sol. ann. All 43 -325 100 45 30.0 30.0 30.0 300 28.6
Low C-Ni-CrtMo B626 ... N06200, Sol. ann. All 43 -325 100 45 30.0 30.0 30.0 300 28.6
Ni—-Mo-Cr B619 ... N10362 Sol. ann. All 43 -325 105 45 30.0 30.0 30.0 30J0 28.9
Ni—-Mo-Cr B622 ... N10362 Sol. ann. All 43 -325 105 45 30.0 30.0 30.0 30J0 28.9
Ni—-Mo-Cr B626 ... N10362 Sol. ann. All 43 -325 105 45 30.0 30.0 30.0 30J0 28.9
Ni-Mo B619 . N10001 Sol. ann. 44 -325 100 45 30.0 30.0 30.0 30J0 30.0
Ni-Mo B6227% N10001 Sol. ann. 44 -325 100 45 30.0 30.0 30.0 30J0 30.0
Ni-Mo B619W/ . . N10665 Sol. ann. 44 -325 110 51 34.0 34.0 34.0 34}0 34.0
Ni-Mo B622 ... N10665 Sol. ann. 44 -325 110 51 34.0 34.0 34.0 34J0 34.0
Ni-Mo B619 ... N10675 Sol. ann. 44 -325 110 51 34.0 34.0 34.0 34J0 34.0
Ni-Mo B622 ... N10675 Sol. ann. 44 -325 110 51 34.0 34.0 34.0 34J0 34.0
Ni-Mo B626 ... N10675 Sol. ann. 44 -325 110 51 34.0 34.0 34.0 34J0 34.0
Ni-Cr-Mo-CH B44s4 ... N06625 Annealed 43 (64)(70) -325 120 60 40.0 40.0 39.6 39)2 386
Ni-Cr-W-Mo B619 ... N06230 Sol. ann. 43 -325 110 45 30.0 30.0 30.0 30J0 30.0
Ni-Cr-W-Mo B622 ... N06230 Sol. ann. 43 -325 110 45 30.0 30.0 30.0 30J0 30.0
Ni-Cr-W-Mo B626 ... NUG230Sot. anm. 73 =375 10 75 30.0 30.0 30.0 30.0 30.0

Plates and Sheets
Low C-Ni Plate B162 ... N02201 H.R. ann. 41 -325 50 12 80 7.7 75 75 75
Low C-Ni Plate B162 ... N02201 H.R.as R. 41 -325 50 12 8.0 77 75 75 7.5
Ni Plate B162 ... N02200 H.R. ann. 41 -325 55 15 10.0 10.0 10.0 10.0 10.0
Ni Plate B162 ... N02200 H.R. as R. . 41 -325 55 20 13.3 13.3 13.3 13.3 133
Ni—-Fe-Cr B409 ... N08810 Annealed All 45 -325 65 25 16.7 16.7 16.7 16.7 16.7
Ni—Fe—Cr B409 ... N08811 Annealed All 45 -325 65 25 16.7 16.7 16.7 16.7 16.7
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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 [Note (1)]

UNS No. Spec.
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 1,550 1,600 1,650 or Grade No.

Nickel and Nickel Alloy (4a) (Cont’d)
Pipes and Tubes (2) (Cont’d)

24.2
24.2
22.2
22.2
26.7
25.2

3.7 23.3 22.9 22.7 22.5 19.6 19.5 19.3 19.3 175 141 113 93 77 61 48 3.8 3.0 ... ... ...) NOogo02 B619
3.7 23.3 22.9 22.7 22.5 19.6 19.5 19.3 19.3 175 141 113 93 77 61 48 3.8 3.0 ... ... (N Nogoo2 B622
1.7 11.1 8.9 7.2 ... ... ... .. oo oo ee e e e e e e e e ww ts NOBO31  B619
1.7 11.1 8.9 7.2 ... ... ... .. oo oieaee e oo aoo oo aie i e s Uy 00 Nogp31 B622
6.7 26.5 26.1 25.8 ... ... ... .. oo oeeaee e oo aoeoeeaee e ey eI oo Noes5  B622
1.6 24.0 23.5 23.1 22.8 22.6 22.4 223 185 150 122 98 78 ... ... ... ... ... s .. ... N1op76  B619

NN N NN N

25.2 2.6 24.0 23.5 23.1 22.8 22.6 22.4 223 185 150 122 98 78 ... ... ... ... ..&/.,.. ... ... Nioprée B622
25.2 24k.6 24.0 23.5 23.1 22.8 22.6 22.4 223 185 150 122 98 78 ... ... ... ... @AM ... ... ... Nioprée Bé626

NO4400  B165

e O | (02 TXo IO - V)
5.6 25.1 24.7 24.3 23.9 23.6 ... ... ... ... ... oo oo oo oo N os o oosoos oo NO8B67  B675
5.6 25.1 24.7 24.3 23.9 23.6 ... ... ... ... ... oo oo oo oo N oo Lo oo ..o ... Nogp67  B690
5.6 25.1 24.7 24.3 23.9 23.6 ... ... ... ... oo e aee e uemNAee oo oo e .o ... NOSB67 B804
5.6 25.1 24.7 24.3 23.9 23.6 ... ... ... ... ... .o oo oo WS oo Lo oo oo ... Nogpe7  B675
6.6 25.1 24.7 24.3 23.9 23.6 ... ... ... ... ... ... oo Lo NNNL Lo Lo Lo ... ... Nogp67  B690
5.6 25.1 24.7 243 ... ... ... ... ... oooaee e oo UINT OO Lo oo oo oo ... Nogpe7 B804
7.0 26.5 26.1 25.7 ... ... ... ... oo aeeaee e almMAL Lo Lo i Lo e oo ... Nogp22  B619
7.0 26.5 26.1 25.7 ... ... ... ... ... oeeaee e URY o000 ool Lol Lae e e oee oo Nogp22  B622
D.4 19.2 19.0 188 ... ... ... ... .. oo oo S oo ool Ll e e e oee o Nogp35  B619
D.4 19.2 19.0 188 ... ... ... ... ... oo oo NNO o0 oo oo ool oo iee ee e o..  NOo6p35  B622
D.4 19.2 19.0 188 ... ... ... ... ... ... Lo SLO L0 o0 o000 ooeaueaee o ae. oo .. Nogp35  B626
7.5 26.8 26.1 25.5 ... ... ... ... ... oo AU oo oo ool ool Lol aeeaee oo oo Noeps9  B619
7.5 26.8 26.1 25.5 ... ... ... ... ... cooNleo oo oo oo Lol Lol Lie e e o .. Noeps9  B622
7.5 26.8 26.1 25.5 ... ... ... ... ... GG oo oo ool Lol Ll L ey e oee oo Nogps9  B626
6.2 25.7 25.4 252 ... ... ... ... oo (a0 Lo oo ooo Lo0 Lo oueaeeau. oo ... No6poo  B619
6.2 25.7 25.4 25.2 ... ... ... .. 0f oo oo ae e e e e e e ueewweuw. NO6R00  B622
6.2 25.7 25.4 252 ... ... ... oL elAN cee eee e o oooooo o oue o aee o aee ... NO6Roo  B626
7.3 27.0 26.7 26.4 ... ... ... LONNoL o0 o0 oo ool oo oo e e e e uweuw. N10B62  B619
7.3 27.0 26.7 26.4 ... ... ... (.47 ... L. Lo Lo oo oo oooooeaee e oo oo N10B62  B622
7.3 27.0 26.7 26.4 ... ... /U L .. oo e e e e e e e e e e aweuw. N10B62  B626
P.0 30.0 30.0 29.9 ... .../ ... .. .. o0 oo e e e e e ueeweeww. .. N1OPO1  B619
P.0 30.0 30.0 29.9 ... 7., ... ... .. oo e e e e e e e ueeaweoo. N10OpPO1  B622
V.0 34.0 34.0 34.0 ...\ ... .. o0 oo oo e e e e e e e e wwewe. N1OB65  B619
V.0 34.0 34.0 34.0/° 0 N ... ... .. Loo oieaeeaee e oo ooeoeeaee s aee e e oo N10p65  B622
V.0 34.0 33.9 335N\N. ... L. oo oo ol ooe ee e e e e e e e weeww. N10p75  B619
V.0 34.0 33.9.33.5" ... ... ... ... ... oo aieaee o aoooae o oeeaeeaee e o . N10p75  B622
V.0 34.0 33.9 33.5 ... ... ... .. oo oo e e e e e e e e e uweue. N10p75  B626
V.4 3740.36.6 36.3 36.1 358 354 31.2 31.2 231 21.0 132 ... ... ... ... ... ... ... ... ... Noge25 B4ss
D.1 28:7,'28.4 28.2 28.2 28.2 28.2 28.2 28.2 23.2 19.0 156 129 106 85 67 53 41 29 21 1.5 NO§230 B619
D.1\,28.7 28.4 28.2 28.2 28.2 28.2 28.2 28.2 23.2 19.0 156 129 106 85 67 53 41 29 21 1.5 NO§230 B622
A 28,/ Ze.4 28.72 Z8.2 Zs.2 28.2 728.Z2 Z28.2 Z23.7 15.0 156 1.5 10.6 8.5 6./ 5.3 4.1 2.9 2.1 1.5 NU6230 B626

26.2
26.2
26.2
26.2
26.2
26.2
27.6
27.6
19.7
19.7
19.7
28.2
28.2
28.2
26.9
26.9
26.9
27.7
27.7
27.7
30.0
30.0
34.0
34.0
34.0
34.0
34.0
37.8
29.6
29.6
29.6

NN N W oW W W b b W NN N NN NN NN = R RN NN NNDNDNN

Plates and Sheets

75 75 74 7.4 72 58 45 37 3.0 24 20 15 1.2 ... ... ... ... ... ... .o uo. ... N02201  B162
75 75 74 74 72 58 45 37 3.0 24 20 15 1.2 ... ... ... ... ... ... ... ... ... No2201 B162
P | (0210 (OB = ¥ (V)
133 o0 L il il oee e aeeooeoeeaeeaeeae e ooeooeoueouewwwww. NO02200  B162
16.6 16.2 15.8 15.5 15.1 14.9 14.6 143 140 138 116 93 74 59 47 38 3.0 24 19 14 1.1 0.86 N08810 B409
16.5 16.1 15.7 15.3 15.0 14.7 14.5 14.2 140 13.7 129 104 83 67 54 43 34 27 22 1.6 1.2 091 NO8811 B409
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Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)

ASME B31.3-2014

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Class/ Min. Specified Mi'f' Min.
Product Spec. Type/ Condition/  Size Range, P-No. Temp., M Temp.

Nominal Composition Form No. Grade  UNS No. Temper in. (5) Notes °F(6) Tensile Yield to 100 200 300 400 500

Nickel and Nickel Alloy (4a) (Cont’d)
Plates and Sheets (Cont’d)
Ni-Fe-Cr-Mo N B620 ... N08320 Sol. ann. All 45 -325 75 28 18.7 18.7 187 \18)7 18.7
Ni—Cu Plate B127 ... N04400 H.R. ann. o 42 -325 70 28 18.7 16.4 (15.2°14)7 14.7
Ni—Cr-Fe—Mof-Cu L B582 ... N06007 Sol. ann. > 3/4 45 -325 85 30 20.0 20.0/20.0 20§0 20.0
Ni—Fe—Cr B409 ... N08800 Annealed All 45 -325 75 30 20.0 2050 20.0 20{0 20.0
Ni—Fe-Cr-Mo N B709 ... N08028 Sol. ann. 45 -325 73 31 20.7\,.20.7 20.7 207 20.7
Ni—Cr-Fe—Mof-Cu c.. B424 ... N08825 Annealed e 45 -325 85 35 ~23.3 23.3 23.3 2313 23.3
Cr—Ni—-Fe—Mof-Cu-Cb ... B463 ... N08020 Annealed All 45 -325 80 35 \23.3 23.3 23.3 23]3 23.3
Ni—Cr-Fe—Mo-W . B582 ... N06030 Sol. ann. All 45 -325 85 35/ 23.3 23.3 23.3 23J2 221
Ni—Cr—Fe—Mof-Cu e B582 ... N06007 Sol. ann. < 3/4 45 -325 90. 35 23.3 233 23.3 23]3 23.3
Ni—Cr-Fe-Mo B435 ... N06002 H.R. sol. ann. All 43 -325 95 35 23.3 23.3 23.3 2313 223
Ni—-Cr—Fe Plate B168 ... N06600 H.R. ann. 43 -325 80 35 23.3 233 233 2313 23.3
Ni—Cr-Fe Plate B168 ... N06600 H.R. as R. 43 #4325 85 35 23.3 233 23.3 2313 23.3
Ni—-Cu Plate B127 ... N04400 H.R. as R. P 42 —325 75 40 25.0 25.0 24.7 23)9 23.4
Low C-Ni-FetCr-Mo-Cu ... B625 ... N08031 Annealed All 45 -325 94 40 26.7 26.7 26.7 24)7 23.3
Low C-Ni-Mg-Cr e B575 ... N06455 Sol. ann. All 43 -325 100 40 26.7 26.7 26.7 26{7 26.7
Low C-Ni-Mq-Cr . B575 ... N10276 Sol. ann. All 43 -325 100 41 273 27.3 27.3 27§13 26.9
Ni-Cr-Mo—-CH Plate B443 ... N06625 Annealed All 43 (64)(70) -325 110 55 36.7 36.7 36.3 359 35.4
Ni-Cr-W-Mo . B435 ... N06230 Sol. ann. All 43 -325 110 45 30.0 30.0 30.0 30J0 30.0
Ni-Cr-Mo—-CH Sheet B575 ... N06022 Sol. ann. < 3/16 43 -325 100 45 30.0 30.0 30.0 30J0 29.0
Ni-Cr-Mo B575 ... N06035 Sol. ann. All 43 -325 85 35 23.3 23.3 23.3 222 20.6
Fe—Ni—Cr-Mof-Cu-N e B688 ... N08367 Annealed > 3/16 45 -325 95 45 30.0 30.0 29.9 28l6 27.7
Fe—Ni—Cr—Mof-Cu-N e B688 ... N08367 Annealed < 3/16 45 -325 100 45 30.0 30.0 30.0 29{6 27.7
Low C-Ni-CrtMo . B575 ... N06059 Sol,*ahn’ All 43 -325 100 45 30.0 30.0 30.0 30J0 29.6
Low C-Ni-CrtMo e B575 ... N06200 $Sol.qann. All 43 -325 100 45 30.0 30.0 30.0 30{0 28.6
Ni—-Mo-Cr N B575 ... N10362+ Sol. ann. All 43 (9 -325 105 45 30.0 30.0 30.0 30J0 28.9
Ni-Mo Plate B333 ... N1000Q%, Sol. ann. > 3/15, < 21/2 44 -325 100 45 30.0 30.0 30.0 30j0 30.0
Ni-Mo Sheet B333 ... N10001 Sol. ann. < e 44 -325 115 50 33.3 33.3 33.3 33§13 33.3
Ni-Mo B333 ... NT0665 Sol. ann. All 44 -325 110 51 34.0 34.0 34.0 34J0 34.0
Ni-Mo B333 ... N10675 Sol. ann. All 44 -325 110 51 34.0 34.0 34.0 34J0 34.0
Forgings [and Fittings (2)
Low C-Ni B160" ... N02201 Annealed All 41 (99(9a) -325 50 10 6.7 6.4 63 63 6.3
Low C-Ni B366 ... N02201 Annealed All 41 (32)(74) -325 50 10 6.7 6.4 63 63 63
Ni B366 ... N02200 Annealed All 41 (32)(74) -325 55 12 80 8.0 80 8Jo 8.0
Ni B564 ... N02200 41 (32) -325 55 12 80 80 80 8Jjo 80
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