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(10

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
administrative sponsor. The breadth of the field involved required that membership of the

Seetional-Commitiee-be-drawnfromsome-40-engineering-societiesindustries,—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.Séctional Committee
became American National Standards Committee B31 and the Code was.renamed the American
National Standard Code for Pressure Piping. The next B31.3 revision) was designated ANSI
B31.3-1973. Addenda were published through 1975.

A draft Code Section for Chemical Plant Piping, prepared by Section Committee B31.6, was
ready for approval in 1974. It was decided, rather than have{wo closely related Code Sections,
to merge the Section Committees and develop a joint Codé\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 *eonceptually integrated with that for the
pverall processing facility, with safeguarding recoghized 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 regrganized in 1978 as a Committee operating under ASME
procedures with ANSI accreditation. Itis now the ASME Code for Pressure Piping, B31 Committee.
Section committee structure remains essentially unchanged.

The second edition of Chemical Plant and Petroleum Refinery Piping was compiled from the
1976 Edition and its five Addenda, 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 decifled to merge the two Section Committees and develop a more inclusive Code
with the sametitle. The work of consolidation was partially completed in the ANSI/ASME
331.3-1984 Edition.

Significantchanges 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
Edition was redesignated as ASME/ANSI B31.3-1987 Edition.

Adderda to subsequent Editiorns, publistedatthree-year intervats, tave beer primmarity to
keep the Code up-to-date. New Appendices have been 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
are being made in the Introduction and Scope statements of B31.3, and its title is changed to
Process Piping.

Under direction of ASME Codes and Standards management, metric units of measurement are
being emphasized. With certain exceptions, SI metric units were listed first in the 1996 Edition
and were designated as the standard. Instructions for conversion are given where metric data
are not available. U.S. customary units also are given. By agreement, either system may be used.
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In this Edition of the Code, SI metric units are given first, with U.S. Customary units in
parentheses. Appendices H and X, the table in Appendix K, and Tables C-1, C-3, and C-6 in
Appendix C are exceptions. A portion of the allowable design values in Appendix A are given
in both SI metric and U.S. Customary units. Except for Appendix A, values in metric units are
to be regarded as the standard, unless otherwise agreed between the contracting parties. In
Appendix A, the U.S. Customary units are to be regarded as the standard. 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 Process Piping are published on
the following ASME web page: http://cstools.asme.org/csconnect/CommitteePages.cfin? Committee =

b NG ZWaVaVa WaWPaVal
INITUUZUZUU.
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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 Pressure pipihg

Rules for each Section reflect the kinds of piping installations considered during its developmént
as follows:

B31.1  Power Piping: piping typically found in electric power generating stations, dn indus-
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 relatéd\processing plants
and terminals

B31.4  Pipeline Transportation Systems for Liquid Hydrocarbons and-Other Liquids: piping
transporting products that are predominately liquid between plants and terminals
and within terminals, pumping, regulating, and metering stations

B31.5  Refrigeration Piping: piping for refrigerants and secondary coolants

B31.8  Gas Transportation and Distribution Piping Systends: piping transporting products
that are predominately gas between sources andterminals, including compressor, reg1
ulating, and metering stations; gas gathering pipelines

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

B31.11  Slurry Transportation Piping Systemis: piping transporting aqueous slurries between
plants and terminals and withifi terminals, pumping, and regulating stations

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

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

It is the owner’s respensibility to select the Code Section that most nearly applies to a proposed
piping installation. Fadtors to be considered by the owner include limitations of the Code Section
jurisdictional 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 ong
Code Section'may apply to different parts of the installation. The owner is also responsible for
imposing tequirements supplementary to those of the Code if necessary to assure safe piping
for thesproposed installation.

€ettain piping within a facility may be subject to other codes and standards, including bu
not limited to

— ANSI Z223.1 National Fuel Gas Code: piping for fuel gas from the point of delivery to thg

COTIeCtion of eactt fuel utilization device

— NFPA Fire Protection Standards: fire protection systems using water, carbon dioxide, halon,
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 construc-
tion of pressure piping. While safety is the basic consideration, this factor alone will not necessarily
govern the final specifications for any piping installation. The designer is cautioned that the
Code is not a design handbook; it does not eliminate the need for the designer or for competent
engineering judgment.
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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 Hmitation Ol Stesses, reactions, and Mmovements
pssociated with pressure, temperature changes, and other forces

(d) guidance and limitations on the selection and application of materials, components, and
oining 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 Ameriean Society
pf Mechanical Engineers that have been accredited by the American National Standards Institute.
The Committee is a continuing one, and keeps all Code Sections current withrnew developments
in materials, construction, and industrial practice. New editions are published at intervals of two
years.

Code users will note that clauses in the Code are not necessarily ndmbered consecutively. Such
discontinuities result from following a common outline, insofar as practical, for all Code Sections.
[n 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 anatlier issue, or the regulatory body having
urisdiction imposes the use of another issue, the latest-edition issued at least 6 mo prior to the
priginal contract date for the first phase of activity*covering a piping installation shall be the
poverning document for all design, materials, fabrication, erection, examination, and testing for
the piping until the completion of the work anhd initial operation.

Users of this Code are cautioned against.making use of Code revisions without assurance that
they are acceptable to the proper authotitiés in the jurisdiction where the piping is to be installed.
The B31 Committee has established.ah orderly procedure to consider requests for interpretation
pnd revision of Code requirements.- To receive consideration, such request must be in writing
and must give full particulars-invaccordance with Appendix Z.

The approved reply to anyingquiry will be sent directly to the inquirer. In addition, the question
and reply will be published as part of an Interpretation supplement.

A Case is the preseribed form of reply when study indicates that the Code wording needs
clarification, or when\the reply modifies existing requirements of the Code or grants permission
fo use new materials or alternative constructions. The Case will be published as part of a Case
supplement.

The ASME_B31 Standards Committee took action to eliminate Code Case expiration dates
pffective’'Seéptember 21, 2007. This means that all Code Cases in effect as of this date will remain
pvailable. for use until annulled by the ASME B31 Standards Committee.

Arequest for revision of the Code will be placed on the Committee’s agenda. Further information
priactive participation on the part of the proponent may be requested during consideration of a

proposed revision.

Materials ordinarily are listed in the stress tables only when sufficient usage in piping within
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 B31.3-2010
SUMMARY OF CHANGES

Following approval by the B31 Committee and ASME, and after public review, ASME B31.3-2010

was approved by the American National Standards Institute on September 24, 2010.

Changes given below are identified on the pages by a margin note, (10), placed next(to the

affected area.

Page Location Change
Xii, xiii Foreword Penultimate paragraph, revised
Xvii, xviii Introduction (1) In second paragraphi, B31.12 added
(2) Last paragraph-tevised
1 300(d)(2) Revised
2-8 300(d)(7) Added
300.2 (1) borescopic examination, compression type
tube fittings, face seal fitting, High
Purity Fluid Service (under fluid
service), hygienic clamp joint, orbital
welding, piping subassembly, weld
coupon, and weld coupon examination
added
(2) Normal Fluid Service revised
(3) elevated temperature fluid service moved|
under fluid service
11 301.5.2 Revised
301.5:3 Revised
12 802.2.2 Revised
13 302.2.5 Revised
15 302.3.5(c) Revised
18 302.3.5(e) Revised
302.3.6(a) Revised
32 307.1.2 Revised
34 314.21 Subparagraphs (a) and (b) revised
35 Table 31421 Title Tevised
40 319.4.4(c) Last equation number deleted
319.5.1 Equations renumbered and their cross-
references revised
319.5.2 Equation cross-references revised
41, 42 320 Added
45 323.1.2 Revised
47, 52 Table 323.2.2 Note (1) revised
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Page Location Change
323.3.2 First paragraph revised
53 Table 323.3.5 In third column, second entry revised
56, 57 Table 326.1 (1) ASME BPE and MSS SP-106 added
(2) Titles of API 594, 602, 603, and 609
revised
(3) Titles of MSS SP-44 and SP-70 revised
(@) Notes(S)through (7 Termumbered a5
(4) through (8) and new Note (3)
added
b9 328.3.1 Revised in its entirety
b3 Fig. 328.5.2C Revised
H6 Table 330.1.1 P-No. 15E added
Hh8 Table 331.1.1 P-No. 15E added
71 335.1(c) Revised
R2 345.1(d) Added
B3 345.4.2 First paragraph revised
B4 34554 Revised
D0 A314.2.2 Subpatragraphs (a) through (c) revised
D7 Table A326.1 ASTM F 1281, F 1282, and F 1974 added
102 A335.3.4 Title revised
A335.8 Revised in its entirety
104 A345.4.2(a) Revised
114 K302.3.1(d) Revised
115 K302.3.2(d) Revised
119 K304.8.5 First paragraph revised
121, 122 K310 Second paragraph added
K314 Revised in its entirety
K315 Revised in its entirety
124 K323.3.1 Revised
133-135 K341.4.2 Revised
K342 Revised
Table K341.3.2 (1) Third column head revised
(2) Under Criterion Value Notes, entry
for symbol C revised
(3) Note (2) revised
K344.6 Revised in its entirety
138-142 Chapter X Added
145, 146 Specification Index for (1) ASTM A 992, B 861, and B 862 added

Appendix A

XX

(2) ASTM B 337 deleted
(3) Titles of ASTM B 462 and B 658
revised
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Page
147-150

Location

Notes for Tables

Change

(1) Title revised

(2) General Note (c) revised

(3) General Notes (d) and (e) added from
information previously within Tables
A-1 and A-2

(4) Note (4) revised and redesignated as
(4a)

152-159

162-167

168-179

180-183

184-193

194, 195

Table A-1

Table A-1

Table A-1

Table A-1

TabletA-1

Table A-1

(5 Note (¢b)added
(6) Notes (7) and (76) deleted
(1) Under Carbon Steel, UNS Nos:)added|

and stress values revised
(2) A 992 added

(1) Under Low and Intermediate Alloy
Steel, P-No. revisedAor A 335 P91,
A 691 P91, A 38791 Cl. 2, A 182 F91,
and A 234 WP9l

(2) For A 182F12 CI. 1, Min. Yield
Strength and stress values revised

(3) For A234 WP12 Cl. 1, stress values
revised

(4) "For" A 420 WPLS, Min. Tensile
Strength and stress values revised

(1) Under Stainless Steel, UNS Nos.
added and stress values revised

(2) A 479 304H, 304L, 316, 316H, and
316L added

(1) Under Copper and Copper Alloy,
stress values revised

(2) Temper revised for B 88 H58
(formerly H55)

(1) Under Nickel and Nickel Alloy, stress
values revised

(2) S-Nos. replaced by P-Nos.

(3) All references to Note (76) deleted

(4) B 408 N08800, N08810, and N08811
added

(5) B 619, B 622, B 626, B 575, B 366,
B 462, B 564, and B 574 N06035 and
N06200 added

(6) B 366 N08810 and N08811 added

(1) Under Titanium and Titanium Alloy,
UNS Nos.—added and stress szalues

205

217

Table A-1

Table A-1B

Table A-3

XXi

revised
(2) B 337 replaced by B 861 and B 862

Under Zirconium and Zirconium Alloy,
stress values revised

(1) Under Nickel and Nickel Alloy, for
B 626, Descriptions revised

(2) Titanium and Titanium Alloy entries
revised

Added
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Page Location Change

221, 222 Table B-1 For D 3035 and F 714, 3 rows deleted
and 17 rows added

224 Table B-6 Added

226-229 Table C-1 (1) Seventh column head revised

(2) Columns for Titanium, N10675,
N06035, and N06200 added

P30-233 Table C-3 (1) Seventh column head revised
(2) Columns for Titanium, N10675,
NO06035, and N06200 added
D36, 237 Table C-6 (1) Under Nickel and Nickel Alloys,-first
entry under Material revised
(2) N06035 and N10675 added
(3) Zirconium Alloys headirig and entries
added
P41 Table D300 In three-column table;third row revised
D43 Table D300 Note (13) revised
D44-249 Appendix E Revised in its entirety
P50 F301.10 (1) Paragraph F301.10 redesignated as
F301:10.2
(2) Paragraphs F301.10 and F301.10.1
added
D52 F323.1(1) Added
P59-271 Appendix ] Revised in its entirety
D73 Notes for Appendix K (1) General Note (d) added from
Table information previously within
Table K-1
(2) Note (4) revised
P90 Fig. MG00 Revised
DI1 P300(a) Revised
P300.2 Revised
P302.3.5 Revised
D92 P319.4.4(a) Revised
P319.4.5 Revised
D94 S300.1 Revised
DI5 S301.3(f) Revised and footnote 1 deleted
297 S301.6 Last paragraph revised
299 5302.6.1 Revised in its entirety
314 X302.2.1(d) Added
X302.2.3(a) Revised

NOTES:

(1) The interpretations to ASME B31.3 issued between April 29, 2008 and October 5, 2009 follow the last page of
this edition as a separate supplement, Interpretations Volume 22.

(2) After the interpretations, a separate supplement containing Cases 180, 181, and 185 follows.

xxii
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Chapter |
Scope and Definitions

300 GENERAL STATEMENTS

shall have the latitude to do so; however, the approach

(a)| Identification. This Process Piping Code is a
Sectipn of the American Society of Mechanical Engineers
Codg¢ for Pressure Piping, ASME B31, an American
Natignal Standard. It is published as a separate docu-
ment| 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
which will govern the entire fluid handling or process
installation of which the piping is a part. The owner is
also fesponsible for designating piping in certain fluid
servifes and for determining if a specific Quality System
is to pe employed. [See paras. 300(d)(4), (d)(5), (e), and
Appéndix Q.]

2) Designer. The designer is responsible to the
owndr for assurance that the engineering design of pip+
ing domplies with the requirements of this Code and
with|any additional requirements established by the
owngr.

3) Manufacturer, Fabricator, and Erector~The manu-
factuper, fabricator, and erector of piping aretesponsible
for providing materials, components, and workmanship
in compliance with the requirements\of this Code and
of the engineering design.

4) Owner’s Inspector. Thie ,owner’s Inspector (see
para/340) is responsible to{the owner for ensuring that
the requirements of this‘Code for inspection, examina-
tion, pnd testing are niet: If a Quality System is specified
by the owner to besémployed, the owner’s Inspector is
respqnsible for.verifying that it is implemented.

(c)| Intent gfthe Code
1) ItSsithe intent of this Code to set forth engi-
neering-requirements deemed necessary for safe design

and onchriaction of i g dact a1l ot oo
ConsStracHon— o pipHgMStaHations:

must be documented in the engineering design and its
validity accepted by the owner. The approach fised shall
provide details of design, construction,examination,
inspection, and testing for the desigficonditions of para.
301, with calculations consistent with the design criteria
of this Code.

(4) Piping elements should, insofar as pyacticable,
conform to the specifications and standardsg listed in
this Code. Piping elemients neither specifically fpproved
nor specifically prohibited by this Code may be used
provided they are-qualified for use as set forth in applica-
ble Chapters ©f 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) Compatibility 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

(1) Code requirements for design and comstruction
include fluid service requirements, which affect selection
and application of materials, components, apd joints.
Fluid service requirements include prohibitions, limita-
tions, and conditions, such as temperature limits or a
requirement for safeguarding (see para. 300.2 and
Appendix G). Code requirements for a piping system
are the most restrictive of those which apply|to any of
its elements.

(2) For metallic piping not in Category| M, High
Pressure, or High Purity Fluid Service, Codé require-
ments are found in Chapters I through VI (bdse Code),
and fluid service requirements are found in

(a) Chapter III for materials

L)

(2) This Code is not intended to apply to the opera-
tion, examination, inspection, testing, maintenance, or
repair of piping that has been placed in service. The
provisions of this Code may optionally be applied for
those purposes, although other considerations may also
be necessary.

(3) Engineering requirements of this Code, while
considered necessary and adequate for safe design, gen-
erally employ a simplified approach to the subject. A
designer capable of applying a more rigorous analysis

0/ ChathL HPart3—for components
(c) Chapter II, Part 4, for joints

(3) For nonmetallic piping and piping lined with
nonmetals, all requirements are found in Chapter VIIL.
(Paragraph designations begin with “A.”)

(4) For piping in a fluid service designated by the
owner as Category M (see para. 300.2 and Appendix M),
all requirements are found in Chapter VIII. (Paragraph
designations begin with “M.”)

(5) For piping in a fluid service designated by the
owner as Category D (see para. 300.2 and Appendix M),

(10
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piping elements restricted to Category D Fluid Service
in Chapters I through VII, as well as elements suitable
for other fluid services, may be used.

(6) Metallic piping elements suitable for Normal
Fluid Service in Chapters I through VI may also be
used under severe cyclic conditions unless a specific
requirement for severe cyclic conditions is stated.

(7) For piping designated by the owner as High
Purity Fluid Service (see para. 300.2 and Appendix M),

(a) piping systems designed for internal gage pres-
sures at or above zero but less than 105 kPa (15 psi),
provided the fluid handled is nonflammable, nontoxic,
and not damaging to human tissues as defined in 300.2,
and its design temperature is from —29°C (-20°F)
through 186°C (366°F)

(b) power boilers in accordance with BPV Code?
Section I and boiler external piping which is required
to conform to B31.1

all requifements are found i Chapter X. (faragrapn  (¢) tubes, tube headers, Crossovers, and manito}ds of

designatipns begin with “U”.)

(e) High Pressure Piping. Chapter IX provides alterna-
tive ruleq for design and construction of piping desig-
nated by| the owner as being in High Pressure Fluid
Service.

(1) These rules apply only when specified by the
owner, afid only as a whole, not in part.

(2) Qhapter IX rules do not provide for Category
M Fluid pervice. See para. K300.1.4.

(3) Haragraph designations begin with “K.”

(f) Apdendices. Appendices of this Code contain Code
requirements, supplementary guidance, or other infor-
mation. See para. 300.4 for a description of the status
of each Appendix.

300.1 Sqope

Rules fpr the Process Piping Code Section B31.3" have
been developed considering piping typically found in
petroleurh refineries; chemical, pharmaceutical, textile,
paper, seniconductor, and cryogenic plants; and related.
processinjg plants and terminals.

300.1{1 Content and Coverage
(a) This Code prescribes requirements for materials
and components, design, fabrication, assembly, erection,
examinatjon, inspection, and testing.of piping.
(b) This Code applies to piping for allfluids, including
(1) rhw, intermediate, and finished chemicals
(2) getroleum products
(3) gas, steam, air, and\water
(4) fluidized solids
(5) refrigerants
(6) cryogenig’fluids
(c) See[Fig.300.171 for a diagram illustrating the appli-
cation of B313Piping at equipment. The joint connecting

fired heaters, which are internal to the heater enclpsure

(d) pressure vessels, heat exchangers, pfumps, |com-
pressors, and other fluid handling or precessing efquip-
ment, including internal piping and connections for
external piping

300.2 Definitions

Some of the terms relating.to piping are defined below.
For welding, brazing, afid-Soldering terms not shown
here, definitions in accdrdance with AWS Standard [A3.0°
apply.
air-hardened steelsa steel that hardens during cooling in
air from a temperature above its transformation range.

anneal heat-treatment: see heat treatment.

arc cytting: a group of cutting processes whereih the
severing or removing of metals is effected by m¢lting
with the heat of an arc between an electrode and the
base metal. (Includes carbon-arc cutting, metal-arf cut-
ting, gas metal-arc cutting, gas tungsten-arc cutting,
plasma-arc cutting, and air carbon-arc cutting.) Se¢ also
oxygen-arc cutting.

arc welding (AW): a group of welding processes yhich
produces coalescence of metals by heating them|with
an arc or arcs, with or without the application of pressure
and with or without the use of filler metal.

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

automatic welding: welding with equipment whiclf per-
forms the welding operation without adjustment ¢f the
controls by an operator. The equipment may or mdy not
perform the loading and unloading of the work.

aled

piping to| equipment is within the scope of B31.3.

300.1.2 Packaged Equipment Piping. Also included
within the scope of this Code is piping which intercon-
nects pieces or stages within a packaged equipment
assembly.

300.1.3 Exclusions.
following;:

This Code excludes the

! 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.

Lo PP o4 | PRI P | anaacaaaablo Jigc ozt
ORI S Ci— et —SCC—CONSHIAOTC 115611~

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 and Brazing Qualifications

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

(10
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Fig. 300.1.1 Diagram Illlustrating Application of B31.3 Piping at Equipment

I

4
/

—

5 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:

backifig ring: material in the form of a ring used to sup-
port molten weld metal.

balanped piping system: see para. 319:22(a).

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

basic [allowable stress: see stiess terms frequently used.

bolt design stress: see stress terms frequently used.

bondgd joint: a pefmanent joint in nonmetallic piping
madg¢ by one of-the following methods:

(a)| adhesivegoint: a joint made by applying an adhe-
sive to thetsurfaces to be joined and pressing them
together

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.

j__

X

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

(e) solvent cemented joint: a joint made by uging a sol-
vent cement to soften the surfaces to be joined qnd press-
ing them together

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

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

bonding operator: one who operates machine or jutomatic
bonding equipment.

bonding procedure: the detailed methods and|practices
involved in the production of a bonded joint.

(b) buii-uud-wruppcd Jotr—arjottt TITacte by 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

bomding procedure specification (BPS) the document which
lists the parameters to be used in the construction of
bonded joints in accordance with the requirements of
this Code.

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

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

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

buttjoint: ajoint between two members a]ignpd approxi-

equipment connection: see connections for external piping.

erection: the complete installation of a piping system 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 following;:

mately ir} the same plane.
Category D: see fluid service.
Category M: see fluid service.

caulked jognt: ajoint in which suitable material (or materi-
als) is either poured or compressed by the use of tools
into the ahnular space between a bell (or hub) and spigot
(or plain |end), thus comprising the joint seal.

chemical plant: an industrial plant for the manufacture
or procesping of chemicals, or of raw materials or inter-
mediateq for such chemicals. A chemical plant may
include sfipporting and service facilities, such as storage,
utility, arjd waste treatment units.

cold spring: see para. 319.2.4.

compressi¢n type tube fittings: tube fittings consisting of
a flarelesq, mechanical grip connection, including a body,
nut, and pingle or dual ferrules. See also para. U306.6.

connections for external piping: those integral parts of indi-
vidual pjeces of equipment which are designed for
attachmept of external piping.

consumable insert: preplaced filler metal which is.eom-
pletely fused into the root of the joint and becomles part
of the wdld.

damaging|to human tissues: for the purpgses-of this Code,
this phrage describes a fluid service(inywhich exposure
to the fluid, caused by leakage undernexpected operating
conditions, can harm skin, eyes) or exposed mucous
membrafes so that irreversible damage may result
unless prpmpt restoratiye easures are taken. (Restor-
ative megsures may inchide flushing with water, admin-
igtration bf antidotesyor medication.)

design mifrimum tefuperature: see para. 301.3.1.

désign prdssutersee para. 301.2.

() 100% examiTation

(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.

face of weld: the exposed ‘surface of a weld on thg side
from which the welding 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 gttain
a high leak integrity seal. See also para. U315.3(b).

fillernaterial: the material to be added in making m¢tallic
orthonmetallic joints.

fillet weld: a weld of approximately triangular crosp sec-
tion joining two surfaces approximately at right angles
to each other in a lap joint, tee joint, or corner join{. (See
also size of weld and throat of a fillet weld.)

flammable: for the purposes of this Code, descripes a
fluid which under ambient or expected operating condi-
tions is a vapor or produces vapors that can be ignited
and continue to burn in air. The term thus may gpply,
depending on service conditions, to fluids defindd for
other purposes as flammable or combustible.

fluid service: a general term concerning the applidation
of a piping system, considering the combination of fluid
properties, operating conditions, and other factor§ that
establish the basis for design of the piping system. See
Appendix M.

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

de}jsign terhypératire: see para—301.3

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

displacement stress range: see para. 319.2.3.

elements: see piping elements.

engineering design: the detailed design governing a pip-
ing system, developed from process and mechanical
requirements, conforming to Code requirements, and
including all necessary specifications, drawings, and
supporting documents.

(I) tHhre—ftuid—andted—+s uuuﬂcuuulab}c, oY OXiC,
and not 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 from —29°C (-20°F)
through 186°C (366°F)

(b) Category M Fluid Service: a fluid service in which
the potential for personnel exposure is judged to be
significant and in which a single exposure to a very
small quantity of a toxic fluid, caused by leakage, can
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produce serious irreversible harm to persons on breath-
ing or bodily contact, even when prompt restorative
measures are taken.

(c) Elevated Temperature Fluid Service: a fluid service
in which the piping metal temperature has a design or
sustained operating temperature 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 owner specifies the use of Chapter IX for

(a) annealing: heating to and holding at a suitable
temperature and then cooling at a suitable rate for such
purposes as: reducing hardness, improving machinabil-
ity, facilitating cold working, producing a desired micro-
structure, or obtaining desired mechanical, physical, or
other properties

(b) normalizing: a process in which a ferrous metal is
heated to a suitable temperature above the transforma-
tion range and is subsequently cooled in still air at room

pipirfg design and construction; see also para. K300.

(e)| Normal Fluid Service: a fluid service pertaining to
most| piping covered by this Code, i.e., not subject to
the rliles for Category D, Category M, elevated tempera-
ture, Jor High Pressure Fluid Service.

(f)| High Purity Fluid Service: a fluid service that
requires alternative methods of fabrication, inspection,
exanjination, and testing not covered elsewhere in the
Codg, with the intent to produce a controlled level of
cleariness. The term thus applies to piping systems
defined for other purposes as high purity, ultra-high
purity, hygienic, or aseptic.

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

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

gas myetal-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. Shielding is obtained
entirgly from an externally supplied gas, or-gas mixture.
Somg variations of this process are called*MIG or CO,
weldfng (nonpreferred terms).

gus tyngsten-arc welding (GTAW): an.arc-welding process
that produces coalescence of metals by heating them
with [an arc between a single-turigsten (nonconsumable)
electfode and the work,Shielding is obtained from a
gas qr gas mixture. Préssdre may or may not be used
and filler metal may 61 may not be used. (This process
has sometimes béen called TIG welding.)

gas wpelding:<a group of welding processes wherein
coalescence-is*produced by heating with a gas flame or
flamg¢s, with or without the application of pressure, and
with lortwithout the nise of filler material

temperature
(c) preheating: see preheating (separate term
(d) quenching: rapid cooling of a heated metal
(e) recommended or required heat treatment: the applica-
tion of heat to a metal section subsequent to [a cutting,
forming, or welding operation,'ds provided in|para. 331
(f) solution heat treatment: heating an alloy|to a suit-
able temperature, holding/at that temperafure long
enough to allow one gr-miore constituents to pnter into
solid solution, and thef cooling rapidly enough to hold
the constituents jn solution
(g) stress-relief: uniform heating of a structure or por-
tion thereof to a sufficient temperature to r¢lieve the
major portion of the residual stresses, followgqd by uni-
form cepling slowly enough to minimize devielopment
of new residual stresses
(h) tempering: reheating a hardened metal [to a tem-
perature below the transformation range tq improve
toughness
(i) transformation range: atemperature rang¢ in which
a phase change is initiated and completed
(j) transformation temperature: a temperature at which
a phase change occurs

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 concentric groove and mating gasket that is secured
with a clamp, providing a nonprotruding, fecessless
product contact surface. See also para. U315.3(b).

indication, linear: in magnetic particle, liquid penetrant,
or similar examination, a closed surface areq marking
or denoting a discontinuity requiring evaluati¢pn, whose
longest dimension is at least three times the| width of
the indication.

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

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

heat treatment: terms used to describe various types and
processes of heat treatment (sometimes called postweld
heat treatment) are defined as follows:

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

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

joint design: the joint geometry together with the required
dimensions of the welded joint.
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listed: for the purposes of this Code, describes a material
or component which conforms to a specification in
Appendix A, Appendix B, or 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 completely by hand.

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

may be mounted on a skid or other structure prior to
delivery.

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

pvipe.a praccnvn h’g]ﬁf- adinderused-to-conveva ﬂnid or

mechanicd] joint: a joint for the purpose of mechanical
strength g¢r 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: tw@ or more straight sections of pipe matched and
joined infa plane bisecting the angle of junction so as
to produge a change in direction.

nominal: § 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.
normalizifg: see heat treatment.

notch-sengitive: describes a metal subject to reduction in
strength [in the presence of stress concentration. The
degree of notch sensitivity is usually expressed as the
strength ¢letermined in a notched specimen divided by
the strength determined in an unnotched specimen;and
can be obtained from either static or dynamic tests.

NPS: norpinal pipe size (followed, when appropriate,
by the specific size designation number without an inch
symbol).

orbital welding: automatic or machine-welding of tubes
or pipe ir}-place with the electrode-rotating (or orbiting)
around the work.

oxygen-arf cutting (OAC);-anoxygen-cutting process that
uses an grc between the‘workpiece and a consumable
electrode} through which oxygen is directed to the work-
piece. For oxidatiofi-tesistant metals, a chemical flux or
metal powdersiused to facilitate the reaction.

oxygen cuftiig(OC): a group of thermal cutting processes

FF
to transmit a fluid pressure, ordinarily designated

“pipe” in applicable material specifications~Matgrials
designated “tube” or “tubing” in the specifications are
treated as pipe when intended for pressure segvice.
Types of pipe, according to the method-of manufagture,
are defined as follows:
(a) electric resistance-welded pipe: pipe produced in
individual lengths or in contintious lengths from ¢oiled
skelp and subsequently cutinto individual lengths{ hav-
ing a longitudinal butt;joint wherein coalescence i$ pro-
duced by the heat, obtained from resistance of thg pipe
to the flow of electric current in a circuit of whidh the
pipe is a part{and by the application of pressure
(b) furnace.butt welded pipe, continuous welded:| pipe
producediin’ continuous lengths from coiled skelp and
subseqirently cut into individual lengths, having it lon-
gitudinal butt joint forge welded by the mechanicallpres-
sute developed in passing the hot-formed and pdge-
heated skelp through a set of round pass welding|rolls.
(c) electric-fusion welded pipe: pipe having a longjtudi-
nal butt joint wherein coalescence is produced in the
preformed tube by manual or automatic electrfc-arc
welding. The weld may be single (welded from oneside)
or double (welded from inside and outside) and may
be made with or without the addition of filler m¢tal.
(d) double submerged-arc welded pipe: pipe havjng a
longitudinal butt joint produced by at least two passes,
one of which is on the inside of the pipe. Coalesfence
is produced by heating with an electric arc oy arcs
between the bare metal electrode or electrodes and the
work. The welding is shielded by a blanket of granular
fusible material on the work. Pressure is not usedl and
filler metal for the inside and outside welds is obthined
from the electrode or electrodes.
(e) seamless pipe: pipe produced by piercing a |billet
followed by rolling or drawing, or both.

that severs or removes metal by means of the chemical
reaction between oxygen and the base metal at elevated
temperature. The necessary temperature is maintained
by the heat from an arc, an oxyfuel gas flame, or other
source.

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

packaged equipment: an assembly of individual pieces or
stages of equipment, complete with interconnecting pip-
ing and connections for external piping. The assembly

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

pipe-supporting elements: pipe-supporting elements con-
sist of fixtures and structural attachments as follows:
(a) fixtures: fixtures include elements which transfer
the load from the pipe or structural attachment to the
supporting structure or equipment. They include hang-
ing type fixtures, such as hanger rods, spring hangers,
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sway braces, counterweights, turnbuckles, struts, chains,
guides, and anchors; and bearing type fixtures, such as
saddles, bases, rollers, brackets, and sliding supports.

(b) structural attachments: structural attachments
include elements which are welded, bolted, or clamped
to the pipe, such as clips, lugs, rings, clamps, clevises,
straps, and skirts.

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

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

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

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

seal weld: a weld intended primarily to provide joint

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

piping components: mechanical elements suitable for join-
ing of 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.

piping elements: any material or work required to plan
and install a piping system. Elements of piping include
design specifications, materials, components, supports,
fabri¢ation, 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.

piping system: interconnected piping subject to the same
set of sets of design conditions.

plasma arc cutting (PAC): an arc cutting procéss-that uses
a constricted arc and removes molten metal-with a high
velodity jet of ionized gas issuing frorh, the constricting
orifide.

postweld heat treatment: see heat treatment.

preheiting: the application of heat to the base material
immediately before or during a forming, welding, or
cutting process. See para.”330.

proceglure qualificatioft, record (PQR): a document listing
all pprtinent data; including the essential variables
employed arid the test results, used in qualifying the
procgdure‘specification.

proce$suiit: an area whose boundaries are designated

tightess against feakage 1T metatiic piping:
semiautomatic arc welding: arc welding with eguipment

which controls only the filler metal feed. Th¢ advance
of the welding is manually controlled.

severe cyclic conditions: conditipns\applying tp specific
piping components or jointsdhywhich Sg computed in
accordance with para. 31944 exceeds 0.85, (ds defined
in para. 302.3.5), and the\equivalent number| of cycles
(N in para. 302.3.5)_exceeds 7000; or other donditions
that the designer detérmines will produce an gquivalent
effect.

shall: a terny which indicates that a provision fis a Code
requirement.

shielded\metal-arc welding (SMAW): an arc welding pro-
cess that produces coalescence of metals by healting them
with an arc between a covered metal electrode and the
work. Shielding is obtained from decompositjon of the
electrode covering. Pressure is not used and filler metal
is obtained from the electrode.

should: a term which indicates that a provision|is recom-
mended as good practice but is not a Code requirement

size of weld:
(a) fillet weld: the leg lengths (the leg length for equal-
leg welds) of the sides, adjoining the members welded,
of the largest triangle that can be inscribed within the
weld cross section. For welds between perpendicular
members, the definitions in Fig. 328.5.2A apgly.

NOTE: When the angle between members exceeds 1P5 deg, size
is of less significance than effective throat (see also| throat of a
fillet weld).

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

slag inclusion: nonmetallic solid material entfapped in

by theengineering desigmwithirrwhicthrreactiors; sepa-
rations, and other processes are carried out. Examples
of installations that are not classified as process units are
loading areas or terminals, bulk plants, compounding
plants, and tank farms and storage yards.

quench annealing: see solution heat treatment under heat
treatment.

quenching: see heat treatment.

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

weld metal or between weld metal and base metal.

soldering: a metal joining process wherein coalescence is
produced by heating to suitable temperatures and by
using a nonferrous alloy fusible at temperatures below
427°C (800°F) and having a melting point below that of
the base metals being joined. The filler metal is distrib-
uted between closely fitted surfaces of the joint by capil-
lary attraction. In general, solders are lead-tin alloys and
may contain antimony, bismuth, and other elements.

solution heat treatment: see heat treatment.
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stress ratio: see Fig. 323.2.2B.
stress relief: see heat treatment.

stress terms frequently used:

(a) basic allowable stress: this term, symbol S, repre-
sents the stress value for any material determined by
the appropriate stress basis in para. 302.3.2

(b) bolt design stress: this term represents the design
stress used to determine the required cross-sectional area
of bolts in_a bolted joint

tube: see pipe.

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

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

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

visual examination: see para. 344.2.1.

(c) hydpostatic design basis: selected properties of plas-
tic pipinjg materials to be used in accordance with
ASTM D|2837 or D 2992 to determine the HDS [see (d)
below] fdr the material

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

submerged arc welding (SAW): an arc welding process
which prpduces coalescence of metals by heating them
with an grc or arcs between a bare metal electrode or
electrodep and the work. The arc is shielded by a blanket
of granular, fusible material on the work. Pressure is
not used jand filler metal is obtained from the electrode
and somgtimes from a supplemental source (welding
rod, flux,|or metal granules).

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

té?npering see heat treatment.

thermoplagtic: a plastic that is capable of being repeatedly
softened |by increase of temperature and hardened by
decrease pf temperature.

thermosetting resin: a resin capable of being,changed into
a substaptially infusible or insoluble-product when
cured at foom temperature, or by application of heat,
or by chgmical means.

throat of { fillet weld:

(a) theqretical throat: the pérpendicular distance from
the hypotenuse of the largest right triangle that can be
inscribed|in the weld cress section to the root of the joint

(b) actdal throat: the-shortest distance from the root
of a fillet|weld tolits*face

(c) effeqtive thront: the minimum distance, minus any
reinforcefent (convexity), between the weld root and
the face af a fillet weld

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

weld coupon: a sample weld that“is taken to compare
against primary welds.

weld coupon examination: se€para. U344.8.1.

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

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

weldingoperator: one who operates machine or automatic
welding equipment.
welding procedure: the detailed methods and praftices
involved in the production of a weldment.

welding procedure specification (WPS): the documentt that
lists the parameters to be used in construction of weld-
ments in accordance with requirements of this Cqde.

weldment: an assembly whose component parfs are
joined by welding.
300.3 Nomenclature

Dimensional and mathematical symbols used in this
Code are listed in Appendix J, with definitions and{loca-
tion references to each. Uppercase and lowercase Enpglish
letters are listed alphabetically, followed by Gireek
letters.

300.4 Status of Appendices
Table 300.4 indicates for each Appendix of this [Code

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

] 4l R fors. V. | M N b |
VWIICTUICTT IU CUITLAIITS CUUC lcblullclllClllD, 5u1uau\.€, or
supplemental information. See the first page of each
Appendix for details.
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Table 300.4 Status of Appendices in B31.3

Appendix Title Status
A Allowable Stresses and Quality Factors for Metallic Piping and 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
F Precautionary Considerations 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 Guidange (2)
P Alternative Rules for Evaluating Stress Range Requirements (5)
Q Quality System Program Guidance (2)
S Piping System Stress Analysis Examples Guidance (2)
\" Allowable Variations in Elevated Temperature Service Guidance (2)
X Metallic Bellows Expansion Joints Requirements
z Preparation of Technical Inquiries Requirements (6)
NOTES:
(1) Contains default requirements, to be used unless more directlylapplicable data are available.

@
)
4)

)
(©)

Contains no requirements but Code user is responsible for.considering applicable items.
Contains requirements applicable only when use of Chapter IX is specified.
Contains pressure-temperature ratings, materials, dimen'sions, and markings of forged aluminum
alloy flanges.

Contains alternative requirements.
Contains administrative requirements.
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Chapter Il
Design

PART 1

(¢) When more than one set of pressure—temperature

CONDITIONS AND CRITERIA
301 DESIGN CONDITIONS

Paragfaph 301 states the qualifications of the
Designer,defines the temperatures, pressures, and forces
applicablg to the design of piping, and states the consid-
eration that shall be given to various effects and their
consequent loadings. See also Appendix F, para. F301.

301.1 Qpalifications of the Designer

The D¢signer 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 an ABET accredited or equivalent
engineering degree, requiring the equivalent of at least
4 years of study, plus a minimum of 5 years experience
in the depign of related pressure piping.

(b) Professional Engineering registration, récognized
by the lofal jurisdiction, and experience in ‘the design
of relateq pressure piping.

(c) Comnpletion of an accredited engineering techni-
cian or gssociates 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 years experience in the design of related
pressure piping.

Experi¢nce in the design of related pressure piping is
satisfied|by piping.design experience that includes
design calculations” for pressure, sustained and occa-
sional logds,(and piping flexibility.

conditions exist for a piping system, the conditipng gov-
erning the rating of components conforming“to” |isted
standards may differ from the conditions governing the
rating of components designed in acegrdance|with
para. 304.

(d) When a pipe is separatedrinto individuallized
pressure-containing chambers(including jacketed pip-
ing, blanks, etc.), the partition wall shall be designed
on the basis of the most severe coincident temperature
(minimum or maximum) and differential preysure
between the adjoining;’chambers expected during ser-
vice, except as prévided in para. 302.2.4.

301.2.2 Required Pressure Containment or Relief
(a) Provisien shall be made to safely contain or r¢lieve
(see parai322.6.3) any expected pressure to whidh the
pipingmay be subjected. Piping not protected by afpres-
sure relieving device, or that can be isolated frpm a
pressure relieving device, shall be designed for af least
the highest pressure that can be developed.
(b) Sources of pressure to be considered include gmbi-
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. 302.2/4 are
also met.

301.3 Design Temperature

The design temperature of each component in a piiping
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-
nents in the same piping system may have different
design temperatures.)

In establishing design temperatures, consider af least

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.

(b) The most severe condition is that which results
in the greatest required component thickness and the
highest component rating.

10

the fluid temperatures, ambient temperatures, solar
radiation, heating or cooling medium temperatures, and
the applicable provisions of paras. 301.3.2, 301.3.3, and
301.3.4.

301.3.1 Design Minimum Temperature. The design
minimum temperature is the lowest component temper-
ature expected in service. This temperature may estab-
lish special design requirements and material
qualification requirements. See also paras. 301.4.4
and 323.2.2.
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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,
unless a lower average wall temperature is determined
by test or heat transfer calculation, the temperature for
uninsulated components shall be no less than the follow-

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.

ing values:

1) valves, pipe, lapped ends, welding fittings, and
components having wall thickness comparable to
bf the pipe: 95% of the fluid temperature

2) flanges (except lap joint) including those on fit-
and valves: 90% of the fluid temperature

3) lap joint flanges: 85% of the fluid temperature
4) bolting: 80% of the fluid temperature

other
that

tings

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-
latioms or tests.

i Ambient Effects
Appendix F, para. F301.4.

301.
Sed

301.4.1 Cooling: Effects on Presstre.© The cooling
of a gas or vapor in a piping system may reduce the
presqure sufficiently to create dn jifternal 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 to bfeak the vacuum.

301.4.2 Fluid EXpansion Effects. Provision shall be
madg¢ in the design either to withstand or to relieve
increpsed pressure caused by the heating of static fluid
in a piping.cothponent. See also para. 322.6.3(b)(2).

301.4.3 Atmospheric Icing. Where the design mini-

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 which may 4rise from
suchg sources as impact, pressure pulsation, [turbulent
flowy, 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

mum temperature ot a piping system 1s 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.

Thc fvuuvv ius thclulal cffck.to, \.Ulll}.lillcd Vv lth 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 which 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

(10

(10
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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 Char-
acteristics. These loads result from differences in ther-
mal expansion where materials with different thermal
expansion coefficients are combined, as in bimetallic,
lined, jacketed, or metallic-nonmetallic piping.

at the owner’s responsibility to extend the pressure-
temperature ratings of a component beyond the ratings
of the listed standard.

302.2.2 Listed Components Not Having Specific
Ratings. Some of the standards for components in
Table 326.1 (e.g., ASME B16.9 and B16.11) state that
pressure—temperature ratings are based on straight
seamless pipe. Except as limited in the standard or else-
where in this Code, such a component, made of a mate-

301.8 Effects of Support, Anchor, and Terminal
Mpvements

The effects 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.

30{1.9 Reduced Ductility Effects

The hagmful effects of reduced ductility shall be taken
into accoyint 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

Fatigu¢ 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 General

Paragraph 302 states pressure-temperature ratings,

stress crifleria, r]pcign allowances and minimum r‘]pcigﬁ

rial having the same allowable stress as the pipe|shall
be rated using not more than 87.5% of the“nominal
thickness of seamless pipe corresponding(to the sthed-
ule, weight, or pressure class of the fitting;less all allow-
ances applied to the pipe (e.g., thréad: depth and/or
corrosion allowance). For components with straight or
spiral longitudinal welded joints irtpressure contdining
components, the pressure rating'determined above shall
be further multiplied by W,.as'defined in para. 302.3.5(e).

302.2.3 Unlisted Components
(a) Components not listed in Table 326.1, but which
conform to a published specification or standard| may
be used within/the following limitations.
(1) Thedesigner shall be satisfied that compodition,
mechaniéal properties, method of manufacture| and
quality¢¢ontrol are comparable to the corresponding
characteristics of listed components.
(2) Pressure design shall be verified in accorglance
with para. 304.
(b) Other unlisted components shall be qualifigd for
pressure design as required by para. 304.7.2.

302.2.4 Allowances for Pressure and Temperature
Variations. Occasional variations of pressure ard/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 pressurel con-
taining components of cast iron or other nonductile
metal.

(b) Nominal pressure stresses shall not exceegl the
yield strength at temperature (see para. 302.3 of this
Code and S, data in BPV Code, Section II, Pqrt D,

Iala N1\

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, pres-
sure—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. The provisions of this Code may be used

12

Fable—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.

(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.

(10
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(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

(a) 33% for 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

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

(1) casting quality factor E, as defined in para.
302.3.3 and tabulated for various material specifications
in Table A-1A, and for various levels of supplementary
examination in Table 302.3.3C, or

(2) longitudinal weld joint factor E; as defined in
302.3.4 and tabulated for various material specifications

the dpsignerto be safe over the service tife of the piping
syst¢m by methods acceptable to the owner. (See
Appendix 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 unless
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 certain condi-
tions|cause loss of seat tightness or difficulty of operas
tion.[The differential pressure on the valve closuke
element should not exceed the maximum 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 conditions are conne¢téd, 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 bléed 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-
ture|due to remoteness from a header or piece of
equipment, the-valve(s) (and any mating flanges) may
be selected efthe basis of the different temperature. For
pipirlg on-either side of the valve, however, each system
shall[be,designed for the conditions of the service to

and classes i Table A-1B; and for various types of joints
and supplementary examinations in Table 80p.3.4

The stress values in Tables A-1 and.A-2 arg grouped
by materials and product forms, and are’for stated tem-
peratures up to the limit provided in para. $23.2.1(a).
Straight line interpolation between temperatues is per-
missible. The temperature 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:dllowable stress in tengion tabu-
lated in Table A-1 ot A-2. Allowable stress in bearing
shall be 1.60 times that value.

(c) Comptession. Allowable stresses in compression
shall be ne greater than the basic allowable gtresses in
tensionas tabulated in Appendix A. Considerdtion 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 sfrength at
room temperature (St) and one-fourth of tensile strength
at temperature

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

(3) at temperatures below the creep rangg, for bolt-
ing materials whose strength has been enhanc¢d by heat
treatment or strain hardening, the least of ome-fifth of

1 If 2 componentis made of castingsicined by longitu

which-H-is-conneected-
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

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.
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gs ] gitudinal welds,
both a casting and a weld joint quality factor shall be applied. The
equivalent quality factor E is the product of E., Table A-1A, and
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.
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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
annealed values shall be used)

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

(5) 100% of the average stress for a creep rate of
0.01% per 1000 h

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

(f) Unlisted Materials. For a material which conforms
to para. 323.1.2, the tensile (yield) strength at tempera-

(6) 677 of the average stress for rupture at the end
of 100 000 h

(7) 80% of minimum stress for rupture at the end
of 100 009 h

(b) Casf Iron. Basic allowable stress values at tempera-
ture for fast 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) Malleable Iron. Basic allowable stress values at tem-
perature [for malleable iron shall not exceed the lower
of the following:

(1) gne-fifth of the specified minimum tensile
strength it room temperature

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

(d) OtHer Materials. Basic allowable stress values at
temperatfire for materials other than bolting materials,
cast iron,|Jand malleable iron shall not exceed the lowest
of the following;:

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

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

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

(4) 100% of the average stress for a creep rate of
0.01% pef 1000 h
~ (5) §7% of the{average stress for rupture at the end
of 100 009 h

(6) 0% of the minimum stress for rupture at the

ture stratt bederived by muttiptying theavgrage
expected tensile (yield) strength at temperature Hy the
ratio of Sy (Sy) divided by the average expécted tensile
(yield) strength at room temperature.

302.3.3 Casting Quality Factor, E/

(a) General. The casting quality) factors, E., defined
herein shall be used for cast,components not having
pressure-temperature ratings\established by stanflards
in Table 326.1.

(b) Basic Quality Factors.~Castings of gray and mhllea-
ble iron, conforming tolisted specifications, are assjgned
a basic casting quality factor, E., of 1.00 (due to|their
conservative allowable stress basis). For most othelf met-
als, static castifigs which conform to the material syjecifi-
cation and\have been visually examined as required
by MSS,SP-55, Quality Standard for Steel Castings for
Valy€s,” 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 qfality
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
various combinations of supplementary examingtion.
Table 302.3.3D states the acceptance criteria fqr 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 rgquire
machining of all surfaces and /or one or more of lthese

end of 108-866+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)
' In the application of these criteria, the yield strength
at room temperature is considered to be SyRy and the
tensile strength at room temperature is considered to be
1.1S7Ry.

(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

14

supplementary examinations. In such cases, the appro-
priate increased quality factor is shown in Table A-1A.

302.3.4 Weld Joint Quality Factor, E;

(a) Basic Quality Factors. The weld joint quality fac-
tors, E; tabulated in Table A-1B are basic factors for
straight or spiral longitudinal 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 which may be substi-
tuted for those in Table A-1B for certain kinds of welds


https://asmenormdoc.com/api2/?name=ASME B31.3 2010.pdf

(10

ASME B31.3-2010

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
@) 0.85 Steel ASTM E 446 1 Types A, B, C
(2)(@) or (2)(b) 0.85 T<25mm
(3)(@) or 3)(b) 0.95 (1in)
(1) and (2)(@) or (2)(b) 0.90
(1) and B3)(@) or B3)(b) 1.00 Stiel N ASTM E 446 2 Types A, B, C
@ @) or @)(®) and 3)@) or B)(®) 1.00 <51 mm
GENERAL NOTE: Titles of standards referenced in this Table’s Notes @ in.)
are as| follows: Steel ASTM E 186 2 Categorips A, B, C
ASME B46.1 Surface Texture (Surface Roughness, Waviness T>51 mm,
and Lay) <114 mm
ASTM E 114  Practice for Ultrasonic Pulse-Echo Straight-Beam 4% in)
Testing by the Contact Method .
ASTM E 125 Reference Photographs for Magnetic Particle Steel ASTM E 280 2 Categorips A, B, C
Indications on Ferrous Castings T'>114 mm,
ASTM E 142 Method for Controlling Quality of Radiographic < 305 mm
Testing (12in)
ASTM E 165  Practice for Liquid Penetrant Inspection Method Aluminum & ASTM E 155 Shown ih reference
ASTM E 709  Practice for Magnetic Particle Examination magnesium radiographs
MS$ SP-53  Quality Standard for Steel Castings and Forgings
for Valves, Flanges and Fittings and Other Piping Copper, Ni<Cu ASTM E 272 2 Codes Al Ba, Bb
Components — Magnetic Particle Examination Bronze ASTM E 310 2 Codes Aland B
Method
NOTEY: GENERAL NOTE: Titles of ASTM standards referenced ip this Table

(1) Mhchine all surfaces to a finish of 6.3 um R, (250 pin. Ry in
aqcordance with ASME B46.1), thus increasing the effective-
ngss of surface examination.

(2) |(@ Examine all surfaces of each casting (magnetic materiat
orly) by the magnetic particle method in accordance with
A$TM E 709. Judge acceptability in accordance with MSS
SR-53, using reference photos in ASTM E 125.

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

rdnt method, in accordance with ASTM E 165. Judge accept-
aljility of flaws and weld repairs in accordance with Table 1 of
MBS SP-53, using ASTM E 125 as a reference for surface flaws.

(3) |@ Fully examine each casting ultrasonically in accordance
with ASTM E 114, accepting a ¢asting only if there is no evi-
dgnce of depth of defects infexcess of 5% of wall thickness.

(b) Fully radiograph each“casting in accordance with

A$TM E 142. Judge in accerdance with the stated acceptance

leyels in Table 302.3.3D:

—

if additional’examination is performed beyond that
required by the product specification.

areras follows:
E 155 Reference Radiographs for Inspection of Alunfinum and
Magnesium Castings

E 186 Reference Radiographs for Heavy-Walled (2 td 4-Y-in.
[51 to 114-mm)]) Steel Castings

E 272 Reference Radiographs for High-Strength Copper-Base
and Nickel-Copper Castings

E 280 Reference Radiographs for Heavy-Walled (4-'4 to 12-in.
[114 to 305-mm]) Steel Castings

E 310 Reference Radiographs for Tin Bronze Castings

E 446 Reference Radiographs for Steel Castings Up fo 2 in.

(51 mm) in Thickness

pressure and weight in any component in a pjping sys-
tem (see para. 320), shall not exceed Sy, where $, is taken
from Table A-1 at the metal temperature of the pperating
condition being considered.

(d) Allowable Displacement Stress Range, Sy. [The com-
puted displacement stress range, Sg, in a piping system
(see para. 319.4.4) shall not exceed the allowable dis-

(a) Internal Pressure Stresses. Stresses due to internal
pressure shall be considered safe when the wall thick-
ness of the piping component, including any reinforce-
ment, meets the requirements of para. 304.

(b) External Pressure Stresses. Stresses due to external
pressure shall be considered safe when the wall thick-
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, such as

Placement StIess Tange, S4 (See paras. 019.2.3 and

319.3.4), calculated by eq. (1a):
S = f(1.255, + 0.25S;) (1a)
When S, is greater than S;, the difference between
them may be added to the term 0.255, in eq. (la). In
that case, the allowable stress range is calculated by

eq. (1b):

S4 = f[1.25(S. + S;) - St ] (1b)
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Table 302.3.4 Longitudinal Weld Joint Quality Factor, E;

No.

Type of Joint

Type of
Seam

Examination

Factor,

E

Furnace butt weld,
continuous weld

—

Straight

As required by
listed specification

0.60

[No

te (1)]

Electric resistance

Straight or

As required by

.85

weld

=

spiral

listed specification

No

te (1)]

Electric fusion weld

—

(@) Single butt weld

ith or without filler
metal)

LD

Straight or
spiral

As required by
listed spedcification
or this Code

Additionally spot
radiographed in
accordance with
para. 341.5.1

Additionally 100%
radiographed in
accordance with
para. 344.5.1 and
Table 341.3.2

.80

.90

.00

—~

(b) Double butt weld

ith or without filler
metal)

Straight or spiral
[except as
provided in 4(a)
below]

As required by
listed specification
or this Code

Additionally spot
radiographed in
accordance with
para. 341.5.1

Additionally 100%
radiographed in
accordance with
para. 344.5.1 and
Table 341.3.2

.85

.90

.00

[92]

becific ‘Specification

LG AN

P
o

F.
b
G
=+

Sublllclscd dartc VVC‘ld \e=Za\Ay)
Gas metal arc weld (GMAW)
Combined GMAW, SAW

TED

Ci aenladk bl
JLIGIslll VAALLLEA ARA~E
or two seams

Spiral

A + areltor
s requiea oYy

specification

.95

NOTE:

(1) It is not permitted to increase the joint quality factor by additional examination for joint 1 or 2.

16
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Fig. 302.3.5 Stress Range Factor, f

For ¢

i

gs.

104 10°

N (cycles)

108 107 108 10°

All other materials

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

(1a) and (1b):

stress range factor,’® calculated by-eq. (1c)4. In
egs. (1a) and (1b), S. and S;, shall'be limited to
a maximum of 138 MPa (20.ksi) when using a
value of f > 1.0.

f (see Fig. 302.3.5) £ 6.0(N)**<f, (1c)
maximum value\of stress range factor; 1.2 for
ferrous materials with specified minimum ten-
sile strengths < 517 MPa (75 ksi) and at metal
temperatiires < 371°C (700°F); otherwise f,,
1.0
equivalent number of full displacement cycles
during the expected service life of the piping

S. = basic allowable stress® at minimum
perature expected during the dis
cycle under analysis

S, = basic allowable stress® at maximum

perature expected during the dis
cycle under analysis

When the computed stress range varies, whe
thermal expansion or other conditions, Sg is g
the greatest computed displacement stress r

etal tem-
acement

etal tem-
acement

ther from
lefined as
inge. The

L
Sy StCIIT

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 f1is 0.15, which results in an allowable
displacement stress range, S4, for an indefinitely large number
of cycles.

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

value of N in such cases can be calculated by| eq. (1d):
N = Np+ 2’N;) fori =1,2,..., 1 (1d)
where
Ng = number of cycles of maximum computed dis-
placement stress range, Sg
N; = number of cycles associated with displacement
stress range, S;
ri = Si/Sg
S; = any computed displacement stress range

smaller than Sg

% 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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(e) Weld Joint Strength Reduction Factor, W. Atelevated
temperatures, the long-term strength of weld joints may
be lower than the long-term strength of the base mate-
rial. For longitudinal or spiral welded piping compo-
nents, the product of the allowable stress and the
applicable weld quality factor, SE, shall be multiplied
by the weld joint strength reduction factor, W, when
determining the required wall thickness for internal
pressure in accordance with para. 304. The designer is

and earthquake forces need not be considered as acting
concurrently.

For Elevated Temperature Fluid Service (see definition
in para. 300.2), as an alternative to the use of 1.33 times
the basic allowable stress provided in Table A-1, the
allowable stress for occasional loads of short duration,
such as surge, extreme wind, or earthquake, may be
taken as the strength reduction factor times 90% of the
yield strength at temperature for materials other than

responsilfe—forthe—appticatiorrof weld—jomt stremgtir
reductiony factors to welds other than longitudinal and
spiral (e.g., circumferential). The weld joint strength
reduction} factor, W, is equal to 1.0 when evaluating occa-
sional lofads such as wind and earthquake, or when
evaluatir|g permissible variations in accordance with
para. 302|2.4. The pressure rating or allowable stress for
the occasjonal load or variation condition is not required
to be redyced by the weld joint strength reduction factor.
It is also|not required when calculating the allowable
stress rapge for displacement stresses, S,, in para.
302.3.5(d). The weld joint strength reduction factor only
applies af weld locations. The weld joint strength reduc-
tion factqr is the ratio of the nominal stress to cause
failure of|the weld joint to that of the base material for
the same|duration. Except as provided in (f) below, the
weld joint strength reduction factor, W, shall be in accor-
dance with Table 302.3.5.

(f) Unljsted Weld Strength Reduction Factors. A weld
strength|reduction factor other than that listed in
Table 302.3.5 may be used per one of the following
criteria:

(1) (reep test data may be used to determine the
weld joirt strength reduction factor, W. However, the
use of crefep test data to increase the factor JV above that
shown in] Table 302.3.5 is not permittedsfor the CrMo
and Cregp Strength Enhanced Ferritic/(CSEF) steels
materials| as defined in Table 302.3.5Creep testing of
weld joints to determine weld joint strength reduction
factors, when permitted, should-be full thickness cross-
weld spefimens with test.durations of at least 1 000 h.
Full thickness tests shallbe used unless the designer
otherwis¢ considers effects such as stress redistribution
across th¢ weld.

(2) With thelewner’s approval, extensive successful
experiende may be used to justify the factor W above
that shown it Table 302.3.5. Successful experience must

those withrmonductite betavior- This yield stremgthy shall
be as listed in the BPV Code, Section II, Part B, [Table
Y-1, or determined in accordance with pard."302.3.2(f).
The strength reduction factor represents the redyction
in yield strength with long-term exposure-of the majterial
to elevated temperatures and, in_the absence of more
applicable data, shall be taken as 0for austenitic ptain-
less steel and 0.8 for other mdtérials.

For castings, the basic'allowable stress shdll be
multiplied by the casting, guality factor, E.. Whete the
allowable stress valtie exceeds two-thirds of yield
strength at temperature, the allowable stress value[must
be reduced as specified in para. 302.3.2(e).

(b) Test. Stfessés due to test conditions are not siibject
to the limitations in para. 302.3. It is not necessdry 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).

302.4.1 Mechanical Strength. When necessarjy, the
wall thickness shall be increased to prevent overgtress,
damage, collapse, or buckling due to superimgosed
loads from supports, ice formation, backfill, transgorta-
tion, handling, or other causes. Where increasinjg the
thickness would excessively increase local stresges or
the risk of brittle fracture, or is otherwise impractigable,
the required strength may be obtained through jddi-
tional supports, braces, or other means withopt an
increased wall thickness. Particular consideration
should be given to the mechanical strength of smal| pipe
connections to piping or equipment.

include same or like material, weld metal composition,
and welding process under equivalent, or more severe,
sustained operating conditions.

302.3.6 Limits of Calculated Stresses Due to
Occasional Loads
(a) Operation. The sum of the longitudinal stresses,
Sp, due to sustained loads, such as pressure and weight,
and of the stresses produced by occasional loads, such
as wind or earthquake, may be as much as 1.33 times
the basic allowable stress given in Appendix A. Wind

18

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

303 GENERAL

Components manufactured in accordance with stan-
dards listed in Table 326.1 shall be considered suitable
for use at pressure-temperature ratings in accordance
with para. 302.2.1 or para. 302.2.2, as applicable. The
rules in para. 304 are intended for pressure design of
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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) (1,4

50) (1,500)

CrMo

1 095 091 086 082 0.77 0.73 0.68 0.64

[Notes (1)-(3)]
CSEF(N+T1) e e 1 0.95 0.91 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)]
(Sulbcritical PWHT)
Autogénous welds e e e 1 1 1 1 1 1 1 1 1 1 1 1
in austenitic stain-
lesq grade 3xx,
and| N088xx and
NOd6xx nickel
alloys [Note (6)]
Austenitic stainless e e e 1 0.95 0.91 0.86 0.82 0.77 0.73 0.68 0.64 0.59 0.35 0.5
grade 3xx and
NOg8xx nickel
alloys [Notes (7)
and| (8)]
Other [materials
[Nofe (9)]

GENERAL NOTES:

(@) Weld joint strength reduction factors at temperatures above the upper temperature limit listed in Appendix A for the base metal 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 additioral rules of
thjs Table and Notes do not apply.

(b) T.) = temperature 25°C (50°F) below the temperature identifying/the start of time-dependent properties listed under
"NOTES — TIME-DEPENDENT PROPERTIES" (Txx) in the Notes fo*Table 1A of the BPV Code Section Il, Part D for the base metals joined by
welding. For materials not listed in the BPV Code Section\ll, Part D, T, shall be the temperature where the creep rate or stress 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 used. forthe weld joint.

(©) T;|= temperature, °C (°F), of the component fok 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
cgnnot be addressed in a table of weld strength reduction factors. For example, fabrication issues such as the deviation from 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 cantrol of these deviations is recommended.

NOTES:

(1) THe Cr-Mo Steels include: 4Cr-Y4Mo, 1Cr-YMo, 1Y,Cr-%Mo-Si, 2Y,Cr-1Mo, 3Cr—-1Mo, 5Cr-YMo, 9Cr-1Mo. Longitudina| welds shall
either be normalized, normalized and tempered, or subjected to proper subcritical postweld heat treatment (PWHT) for the dlloy.
Rqquired examination is-in* accordance with para. 341.4.4 or 305.2.4.

(2) Langitudinal seam.fusion welded construction is not permitted for C~4,Mo steel above 850°F.

(3) THe required carbaon/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 >1.0.

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

(5) Nk T = Normalizing + Tempering PWHT.

. (6) Adtogenous welds without filler metal in austenitic stainless steel (grade 3xx) and austenitic nickel alloys UNS Nos. NO66xx|and
) NB8So—A-setutionarreatafterweldirgisrequiredforuse-of-the-factorsir-the Table—Seepara—341-4-3{b) -ferexaminatien require-
ments.

*. (7) Alternatively, the 100,000 hr Stress Rupture Factors listed in ASME Section Ill, Division 1, Subsection NH, Tables I-14.10 A-xx, B-xx,
: and Cxx may be used as the weld joint strength reduction factor for the materials and welding consumables specified.
* (8) 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.
' (9) For materials other than carbon steel, CrMo, CSEF, and the austenitic alloys listed in Table 302.3.5, W shall be as follows: For 7; < 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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components not covered in Table 326.1, but may be used
for a special or more rigorous design of such compo-
nents, or to satisfy requirements of para. 302.2.2. Designs
shall be checked for adequacy of mechanical strength
under applicable loadings enumerated in para. 301.

304.1 Straight Pipe

Table 304.1.1 Values of Coefficient Y for t < D/6

Temperature, °C (°F)

<482
(900 510 538 566 593

2621
(1,150

Materials & Lower) (950) (1,000) (1,050) (1,100) & Up)
Ferritic 0.4 0.5 0.7 0.7 0.7 0.7

304 PRESSURE DESIGN OF COMPONENTS steels
Austenitic 0.4 0.4 0.4 0.4 0.5 0.7

STeets

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

tn =t+c 2)

The mihimum thickness, T, for the pipe selected, con-
sidering manufacturer’s minus tolerance, shall be not
less than|t,,.

(b) Th¢ 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
3llowances. For threaded components, the
Eminal thread depth (dimension /1 of ASME

1.20.1, or equivalent) shall apply. For
achined surfaces or grooves where the toler-
gnce is not specified, the tolerance shall be
dssumed to be 0.5 mm (0.02 in.) in addition to
the specified depth of the cut.

utside diameter of pipe as listed in tables.of
gtandards or specifications or as measured

d = inside diameter of pipe. For pressure/design
alculation, the inside diameter of the pipe is
fhe maximum value allowable~under the pur-
hase specification.

q

E = (quality factor from Table”A-TA or A-1B

P = internal design gage pressure

S = gtress value for maferjal from Table A-1

T = pipe wall thickmess(measured or minimum in
ccordance with the purchase specification)

t =

ccordancewith para. 304.1.2 for internal pres-
ureoras determined in accordance with para.
304:1:3 for external pressure

|
q
pressure,design thickness, as calculated in
4
9

Other ductile 0.4 0.4 0.4 0.4 0.4 0.4
metals

Cast iron 0.0

304.1.2 Straight Pipe Undér’Internal Pressure
(a) For t <D/6, the internal-pressure design thickness
for straight pipe shall be,not less than that calclated
in accordance with either eq. (3a) or eq. (3b):

PD
L= 2GEW  PY) (3a)
P(d + 2¢) (3b)

L= IsEw - P - V)]

(b)“For t = 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,
effects 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 fdllow-
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 Sg¢ction
II, Part D, Table Y-1 for materials listed therein

(The symbol D, in Section VIII is equivalent to D in this

b = IMTHITOIT Tequired tiickmess, inciuding
mechanical, corrosion, and erosion allowances

W = weld joint strength reduction factor in accor-
dance with para. 302.3.5(e)

Y = coefficient from Table 304.1.1, valid for t <D /6
and for materials shown. The value of Y may
be interpolated for intermediate temperatures.
Fort>D/6,

d+ 2c

Y:D+d+2c

Code.)

304.2 Curved and Mitered Segments of Pipe

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

= S[SEWD + PY]

(30)

where at the intrados (inside bend radius)
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Fig. 304.2.1 Nomenclature for Pipe Bends

Intrados —,—\

Fig. 304.2.3 Nomenclature for Miter Bends

Extrados

_ 4(Ry/D) -1
= 4(R;/D) -2 (3d) T | \9
R M—
and gt the extrados (outside bend radius) & T
- A{m————
I = 4(R,/D) + 1 (3e) ! | 1
4(R,/D) + 2
|<— D ——4
and at the sidewall on the bend centerline radius, I =
1.0, gnd where
R; |= bend radius of welding elbow or pipe bend . .
(2)’The maximum allowable internal pr¢ssure for
Thjckness variations from the intrados to the extrados ~ a.Sihgle miter bend with angle 6 greater thar} 22.5 deg
and glong the length of the bend shall be gradual. The  ‘shall be calculated by eq. (4c):
thickhess requirements apply at the mid-span of the
bend) v /2, at the intrados, extrados, and bend centerline = SEW(T - C)/ T-c _) (4¢)
radiys. The minimum thickness at the end tangentsshall 2 \(T —¢) + 1.25 tan,/r(T|- ¢
not he less than the requirements of para. 304.1 for
straight pipe (see Fig. 304.2.1). (c) The miter pipe wall thickness, T, used irj egs. (4a),
) (4b), and (4c) shall extend a distance not leds than M
3¢4.2.2 Elbows. Manufactured elbowsnotinaccor-  from the inside crotch of the end miter weldg where
dance with para. 303 shall be qualified, as required by M = the larger of 2.5(r,T)"° or tan 6 (R 4 r,)
para| 304.7.2 or designed in acgordance with para.
304.211, except as provided in para. 328.4.2(b)(6). The length of taper at the end of the miter pipe may be
304.2.3 Miter Bends. Amntangular offset of 3 deg or included in the d.15tanc:e, M. . .
less {angle « in Fig. 304:2:3) does not require design (d) The following nomenclaturg 1S used.m egs. (4a),
consideration as a mitex\bend. Acceptable methods for (4b), and (4c) for t;ef'preis.ure des1§(r)14olf 1m itef bends:
presgure design of fmultiple and single miter bends are ¢ = sameas aelined in para. 5. -
giver in (a) and. (b)) below. E = same as defined in para. 304.1.1
(a)| Multiple, Miter Bends. The maximum allowable Pu = mix1rgurr(; allowable internal prepsure for
interpal pressure shall be the lesser value calculated from futer bends . .

. . R, = effective radius of miter bend, defirfed as the
eqs. [4a)land (4b). These equations are not applicable . . -
wher) Aexceeds 22.5 deg shortest distance from the pipe cerfterline to

: : the-interseetionoftheplaneseofladjacent
b SEW(T - c)/ T_c ) miter joints _
m = oy = ius of pi i inal wall T
r2 T . T ) 7, = mean radius of pipe using nomina
\( ¢) +0.643 tand\r,(T ) S = same as defined in para. 304.1.1
SEW(T -c){ Ri—-r, T = miter pipe wall thickness (measured or mini-
"= T \R1 - 0.5r2) (4b) mum in accordance with the purchase
specification)
(b) Single Miter Bends W = same as defined in para. 304.1.1
(1) The maximum allowable internal pressure for a = angle of change in direction at miter joint
a single miter bend with angle #not greater than 22.5 deg = 26
shall be calculated by eq. (4a). 0 = angle of miter cut
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For compliance with this Code, the value of R; shall
be not less than that given by eq. (5):

A D
R=tne*2 ©

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

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 required to
sustain the pressure shall be determined in accordance
with para. 304.3.3 or 304.3.4. There are, however, certain
branch connections which have adequate pressure
strength or reinforcement as constructed. It may be
assumed without calculation that a branch connection

(T - ¢), mm A
13 < (T_— c)<22 2(T -¢)
>22 [2(T - ¢)3] +30
(2) Hor U.S. Customary units
(T - ¢), in. A
<05 1.0
05<(T -c)<0.88 2(T - ¢)
>0.88 [2(T - ¢)3]+1.17

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

(1) Exdept as provided in (b) below, the requirements
in paras. $04.3.2 through 304.3.4 are applicable to branch
connectipns made in accordance with the following
methods:

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

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

(3) welding the branch pipe directly-to the run pipe,
with or without added reinforcemént, as covered in
para. 3285.4

(b) Thq rules in paras. 304.3.2jthrough 304.3.4 are min-
imum requirements, validvonly for branch connections
in which|(using the nomenclature of Fig. 304.3.3)

(1) the run pipe‘diameter-to-thickness ratio (D,/T})
is less than 100 and: the branch-to-run diameter ratio
(Dyp/Dy) i$ not greater than 1.0

(2) fprrurpipe with D;,/T), =100, the branch diame-
ter, D, id less than one-half the run diameter, D,

tasadequate strengthrto-sustai the rtermat-amnd-pxter-
nal pressure which will be applied to it if

(a) the branch connection utilizes a listéd)fitting in
accordance with para. 303.

(b) the branch connection is made by weldjng a
threaded or socket welding coupling or half coupling
directly to the run in accordance with para. 328.5.4} pro-
vided the size of the branch.dees not exceed ON 50
(NPS 2) nor one-fourth theneminal size of the rur]. The
minimum wall thicknessyof the coupling anywhgre in
the reinforcement zoné\(if threads are in the zone| wall
thickness is measured-from root of thread to minimum
outside diameten) shall be not less than that gf the
unthreaded branch pipe. In no case shall a coupling
or half coupling have a rating less than Class 2400 in
accordance with ASME B16.11.

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

304.3.3 Reinforcement of Welded Branch Connec-
tions. Added reinforcement is required to megt the
criteria in paras. 304.3.3(b) and (c) when it is not inljerent
in the components of the branch connection. Sgmple
problems illustrating the calculations for branch|rein-
forcement are shown in Appendix H.

(a) Nomenclature. The nomenclature below is uded in
the pressure design of branch connections. It is |illus-
trated in Fig. 304.3.3, which does not indicate detajls for
construction or welding. Some of the terms defined in
Appendix | are subject to further definitions or yaria-
tions, as follows:

b = subscript referring to branch

d; = effective length removed from pipe at branch.

For branch intersections where the bilanch

(3) angle B is at least 45 deg
(4) the axis of the branch intersects the axis of
the run
(c) Where the provisions of (a) and (b) above are not
met, pressure design shall be qualified as required by
para. 304.7.2.
(d) Other design considerations relating to branch
connections are stated in para. 304.3.5.

304.3.2 Strength of Branch Connections. A pipe
having a branch connection is weakened by the opening

opening is a projection of the branch pipe inside
diameter (e.g., pipe-to-pipe fabricated branch),
dy = [Dy - 2(T, - ¢)]/sin B
d, = “half width” of reinforcement zone
= dyor (T, — ¢) + (T, — ¢) + d1/2, whichever is
greater, but in any case not more than D,

h = subscript referring to run or header
Ly = height of reinforcement zone outside of run
pipe

= 2.5(T, - ¢) or 2.5(T, — ¢) + T,, whichever is less
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T, = branch pipe thickness (measured or minimum
in accordance with the purchase specification)
except for branch connection fittings (see para.
300.2). For such connections the value of T} for
use in calculating Ly, dy, and Aj, is the thickness
of the reinforcing barrel (minimum per pur-
chase specification) provided that the barrel
thickness is uniform (see Fig. K328.5.4) and
extends at least to the L4 hmlt (see Flg 304.3.3).

dlle made from pipe (use nom1na1 thlckness if
made from plate)

), if there is no reinforcing ring or saddle
pressure design thickness of pipe, according
jo the appropriate wall thickness equation or
procedure in para. 304.1. For welded pipe,
vhen the branch does not intersect the longitu-
flinal weld of the run, the basic allowable stress,
$, for the pipe may be used in determining
1, for the purpose of reinforcement calculation
nly. When the branch does intersect the longi-
fudinal weld of the run, the product SEW (of
the stress value, S; the appropriate weld joint
juality factor, E ir from Table A-1B; and the weld
joint strength reduction factor, W; see para.
$02.3.5) for the run pipe shall be used in the
alculation. The product SEW of the branch

ghall be used in calculating t,,.
= gmaller angle between axes of branch and run

B

(b) Required Reinforcement Area. The reinforcement
area, Ay, fequired for a branch connection under interiial
pressure s

Ay = tydy (2 - sin B) ©)
For a branch connection under external’pressure, area
A; is onethalf the area calculated /by eq. (6), using as t,
the thickness required for external-pressure.

(c) Avgilable Area. The aréajavailable for reinforce-
ment is defined as

Az + A3 + A4 > A] (6a)

These ardas are @ll within the reinforcement zone and
are furth¢r defined below.
(1) Aréa-A, is the area resulting from excess thick-

branch to the run in determining its contributions to
area As.

(3) Area A, is the area of other metal provided by
welds and properly attached reinforcement. [See para.
304.3.3(f).] Weld areas shall be based on the minimum
dimensions specified in para. 328.5.4, except that larger
dimensions may be used if the welder has been specifi-
cally instructed to make the welds to those dimensions.

(d) Remforcement Zone. The relnforcement zone is a
2, on
each side of the centerline of the branch pipe and Whose
width starts at the inside surface of the run\pipe (in its
corroded condition) and extends beyond lthe outside
surface of the run pipe a perpendicular distance, |L,.

(e) Multiple Branches. When two Orymore branch con-
nections are so closely spaced that/their reinforcgment
zones overlap, the distance between centers of the ppen-
ings should be at least 1% tities their average diatheter,
and the area of reinforcement between any two opehings
shall be not less than 50% of the total that both require.
Each opening shall have adequate reinforcemgnt in
accordance with paras. 304.3.3(b) and (c). No part of the
metal cross section may apply to more than one opgning
or be evaluated more than once in any combined|area.
(Consult RFI Standard ES-7 for detailed recomménda-
tions en/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 corjstant
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-
ment requirements, galvanic corrosion, thermal ekpan-
sion, etc.

(3) If the allowable stress for the reinforcement
material is less than that for the run pipe, its calcylated
area must be reduced in the ratio of allowable ptress
values in determining its contribution to area A,.

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

304.3.4 Reinforcement of Extruded Outlet Heaflers

(a) The principles of reinforcement stated in [para.
304.3.3 are essentially applicable to extruded dutlet
headers. An extruded outlet header is a length of pipe

ness in the T pipe watt

Ay = (2dy = dy) (Ty, =, - ¢) @)
(2) Area Ajis the area resulting from excess thick-
ness in the branch pipe wall

Ay = 2L4(Ty — t, — c)/sin B (8)

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

24

TIT W}li(.ll OINIC OI' ITIOIT Uutietb fo b[dllk}l (_UIlIlELIiUI haVe
been formed by extrusion, using a die or dies to control
the radii of the extrusion. The extruded outlet projects
above the surface of the header a distance h, at least
equal to the external radius of the outlet 7, (i.e., h, = 1y).

(b) The rules in para. 304.3.4 are minimum require-
ments, valid only within the limits of geometry shown
in Fig. 304.3.4, and only where the axis of the outlet
intersects and is perpendicular to the axis of the header.
Where these requirements are not met, or where noninte-
gral material such as a ring, pad, or saddle has been
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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

Corr
all

Center line
reinforcement of branch
zone I
|l«—— D,,
Ty > |- l
c l |-——— db ;
A . ' GENERAL NOTE:
| Taper bore inside Extrusion GENERALWPTE:
30 deg max.—'ﬂ H !
N N 1/ diameter taper Sketch_to shdw method of
| { . l [if required, see , establishing 7], when the
Lg | ny * _ sketch (d)] X taper encroaches on the
v + | to match branch pipe crotch radius
1:3 maximum taper.
AT [ S \
Head t JR P
eader | Th h LT \—X Header E ded |
7 xtruded oytlet
bion 1 Y l 777 ) oo
wance, c_4 A outlet
Dp | 4, (b)
Mill tolerance dy
(a)
- D b - Branch pipe
T —] |—— or nozzle
CJH | ————— db =I
Limits|of
N ‘b ‘J:L_ T~ reinf}:rcement
— — - - - B zone
Thickness, measured ﬁ =
or minimum per purchase § ﬂ Lg
specification .
Y
. ;E/ ' \Até Extruded ouftlet
N RNy D (5
¥ % ¥
| W i Requured area ’/
TN T v i
) x> Aq =K (ty) (d) 7 Z Hegder
¥ | U207 ,
._________..J
f l d ot d ' o
Dh dh l 2 2
% Mill tolerance
GENERAL NOTE: Sketch is drawn for condition where K = 1.00.

(c)
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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.

Branch pipe
T < Dy or nozzle
Ly N -« d), >
. ‘ Limits of
b > reinforcement
(%) (%)
L Extruded outlet
I ry é / \ 5 L
hx dy
* /
i 7 Header
A t‘ S T / Required area //;
Th " X /‘_A1 =K (ty) (d,) //
v W 7 .
P
Dy g, d d
h - 2 e 72—
Mill tolerance

(d)

the outlet, pressure design shall be qualified

as requir¢d by para. 304.7.2.
(c¢) Nomenclature. The nomenclature used herein is

GENERAL NOTE: Sketch is drawn for condition where K =\1.00 and dx < dp.

(8) for an external contour with multiple rad
réquirements of (1) and (2) above apply, considerir
best-fit radius over a 45 deg arc as the maximum 1|

(4) machining shall not be employed in ord
meet the above requirements

(e) Required Reinforcement Area. The required aj
reinforcement is defined by

Al = Kthdx

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

A2+A3+A42A1

i, the
g the
hdius
er to

ea of

©)

~

ment

(%a)

ia i) 11 SN n) raaf L
ITITCOT A1ITds diT dll Wil tUiT ITIHHUICTILIITIIL ZUILT

e and

illustrateql in Fig. 304.3.4. Note the use of subscript &
signifying extruded. Refer to para. 304.3.3(a) for nonien-
clature n¢t listed here.
d, = the design inside diameter of the extruded out-
et, measured at the level of the outside surface
f the header. This dimension\is' taken after
emoval of all mechanical and eorrosion allow-
inces, and all thickness tolerances.
d, = half width of reinforcethent zone (equal to d,)
h, = height of the extruded outlet. This must be
pqual to or greater.than r, [except as shown in
ketch (b) in Fig."304.3.4].
Ls = height of reinfercement zone
= 0.7/D,T¢
ry = fadius.Oof Curvature of external contoured por-
ion‘efioutlet, measured in the plane containing
helaxes of the header and branch
T, = corroded finished thickness of extruded outlet,

measured at a height equal to r, above the out-
side surface of the header

(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 r, 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.)

are further defined below.

(1) Area A, is the area resulting from excess thick-

ness in the header wall

Ay = (2dy - d) (T -ty — ©)

(10)

(2) Area Ajis the area resulting from excess thick-

ness in the branch pipe wall

Ay = 2Ls5(Ty - £, - ¢)

(11)
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(3) Area A, is the area resulting from excess thick-
ness in the extruded outlet lip

Ay = 21 [T, - (Tb - C)] (12)

(g) Reinforcement of Multiple Openings. The rules of
para. 304.3.3(e) shall be followed, except that the
required area and reinforcement area shall be as given
in para. 304.3.4.

Table 304.4.1 BPV Code References for Closures

(h) Ldentification—Themanufacturer shall establish the
design pressure and temperature for each extruded out-
let h¢ader and shall mark the header with this informa-
tion, [together with the symbol “B31.3” (indicating the
applicable Code Section) and the manufacturer’s name
or trademark.

304.3.5 Additional Design Considerations. The
requfirements of paras. 304.3.1 through 304.3.4 are
intended to ensure satisfactory performance of a branch
conngction subject only to pressure. The designer shall
also gonsider the following;:

(a)] In addition to pressure loadings, external forces
and movements are applied to a branch connection by
thermal expansion and contraction, dead and live loads,
and rpovement of piping terminals and supports. Special
consideration shall be given to the design of a branch
conngction to withstand these forces and movements.

(b)| Branch connections made by welding the branch
pipe [directly to the run pipe should be avoided under
the fpllowing circumstances:

1) when branch size approaches run size, patticu-
larly fif pipe formed by more than 1.5% cold expansion,
or expanded pipe of a material subject to werk’harden-
ing, is used as the run pipe

2) where repetitive stresses mafbé imposed on
the cpnnection by vibration, pulsatingpressure, temper-
ature cycling, etc.

In sych cases, it is recommeénded that the design be
cons¢rvative and that considération be given to the use
of teg fittings or complete’ encirclement types of rein-
forcement.

(c)] Adequate flexibility shall be provided in a small
line which brangches from a large run, to accommodate
thermal exparsion and other movements of the larger
line (see pata. 319.6).

(d)] If xibs, gussets, or clamps are used to stiffen the

Concave to Convex to

Type of Closure Pressure Pressure
Ellipsoidal UG-32(d) UG-33(d)
Torispherical UG-32(e) UG-33(e)
Hemispherical UG-32(f) UG-33(c)
Conical (no transition UG-32(g) UG-33(f)

to knuckle)

Toriconical UG-32(h) UG-33(f)
Frar (pressure on UG34

either side)
GENERAL NOTE:  Paragraph numbers are from the.BPV C¢de, Section
VIIl, Division 1.

304.3.6 Branch Connections Under Extefnal Pres-
sure. Pressure design forabtanch connectionfsubjected
to external pressure may. be determined in a¢cordance
with para. 304.3.1, using the reinforcement arep require-
ment stated in para. 304.3.3(b).

304.4 Closurés

304.4.1. General
(a).Closures not in accordance with para. 303 or
304;4.1(b) shall be qualified as required by para. 304.7.2.
(b) For materials and design conditiong covered
therein, closures may be designed in accordgnce with
the rules in the BPV Code, Section VIII, Divisioh 1, calcu-
lated from eq. (13)

by =t+c (13)

¢ = sum of allowances defined in para. 304.1.1
t = pressure design thickness, calculatefd for the
type of closure and direction of loading, shown
in Table 304.4.1, except that the symbols used
to determine ¢t shall be:
E = same as defined in para. 304.[.1
P = design gage pressure
S = S times W, with S and W as defined in
para. 304.1.1
ty, = minimum required thickness, ihcluding
mechanical, corrosion, and erosion alJlowance

304.4.2 Openings in Closures

brandcthrtomnmection; theirareas carmot becournted-as tore
tributing to the reinforcement area determined in para.
304.3.3(c) or 304.3.4(f). However, ribs or gussets may be
used for pressure-strengthening a branch connection in
lieu of reinforcement covered in paras. 304.3.3 and
304.3.4 if the design is qualified as required by
para. 304.7.2.

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

(m—TheTules i paras—36442(b)through<(g) apply to
openings not larger than one-half the inside diameter
of the closure as defined in Section VIII, Division 1,
UG-36. A closure with a larger opening should be
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 closure is weakened by an opening and, unless
the thickness of the closure is sufficiently in excess of
that required to sustain pressure, it is necessary to pro-
vide added reinforcement. The need for and amount of
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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) or (c).

(c) Reinforcement for an opening in a closure shall
be so distributed that reinforcement area on each side
of an opening (considering any plane through the center
of the opening normal to the surface of the closure) will

(e) See Section VIII, Division 1, Appendix S, for con-
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. 304.7.2.

(b) A blind flange may be designed in accordance
with eq. (14). The minimum thickness, considering the
manufacturer’s minus tolerance, shall be not less than ¢,

equal at Jeastone-hatf the Tequired area in that piane.

(d) Th¢ 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 ¢alculated in accordance with para. 304.3.3 or
304.3.4, cpnsidering the subscript & and other references
to the rup or header pipe as applying to the closure.
Where thp closure is curved, the boundaries of the rein-
forcement zone shall follow the contour of the closure,
and dimensions of the reinforcement zone shall be mea-
sured p4qrallel to and perpendicular to the closure
surface.

(f) If tfvo or more openings are to be located in a
closure, jl:le rules in paras. 304.3.3 and 304.3.4 for the
reinforcement of multiple openings apply.

(g) Th¢ additional design considerations for branch
connectigns discussed in para. 304.3.5 apply equally to
openings|in closures.

304.5 Pressure Design of Flanges and Blanks

304.5]1 Flanges — General

(a) Fldnges not in accordance with para. 303, or
304.5.1(1) or (d), shall be qualified asirequired by
para. 3047.2.

(b) A flange may be designed inraccordance with the
BPV Codp, Section VIII, Divisiory 1, Appendix 2, using

the allowgble stresses and temiperature limits of the B31.3
Code. Ngmenclature shalltbe'as defined in Appendix 2,
except as| follows:

P = dlesign gage'pressure

Si = bolt design stress at atmospheric temperature

Sy = Dolt design stress at design temperature

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

A A

ty =t+c (14)
To calculate ¢, the rules of Section VIII) Bivision 1,
UG-34 may be used with the following changles in
nomenclature:
¢ = sum of allowances defined.in para. 304.1{1

P internal or external deSigit gage pressure
Sf product SEW [of the stress value, S, anfl the
appropriate quality)factor, E, from Table [A-1A

or A-1B and weldjoint strength reduction factor

per para. 302)3.5(e)] for flange materia]. See
para. 302:3:2(e).
t = pressure.design thickness, as calculated f¢r the

given ‘styles of blind flange, using the appro-
priate equations for bolted flat cover plafes in
UG-34

304.5.3 Blanks
{a) Blanks not in accordance with para. 303 or
304.5.3(b) shall be qualified as required by para. 344.7.2.
(b) The minimum required thickness of a permpnent
blank (representative configurations shown in
Fig. 304.5.3) shall be calculated in accordance|with

eq. (15)
i 3P
sy 16SEW * €
where

= sum of allowances defined in para. 304.1{1
inside diameter of gasket for raised or flaft face
flanges, or the gasket pitch diameter fox ring
joint and fully retained gasketed flanges
same as defined in para. 304.1.1

design gage pressure

same as defined in para. 304.1.1

same as defined in para. 304.1.1

t (15)

o

Sonom

and weld joint strength reduction factor in
accordance with para. 302.3.5(e)] for flange or
pipe material. See para. 302.3.2(e).

ok L faat L Tolal
PratTqUdIn y 1at o D1 O TaoTc

(c) The rules in (b) above are not applicable 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 should be
used.

28

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.

(b) Concentric reducers made in a conical or reversed
curve section, or a combination of such sections, may
be designed in accordance with the rules for conical and
toriconical closures stated in para. 304.4.1.
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Fig. 304.5.3 Blanks
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304.6.2 Eccentric Reducers. Eccentric reducers not
in adqcordance with para. 303 shall be qualified as
required by para. 304.7.2.

304.

304.7.1 Listed Components. Other pressure con-
taining components manufactured in acdordance with
standards in Table 326.1 may be utilized in accordance
with|para. 303.

f Pressure Design of Other Components

D4.7.2 Unlisted Components.) Pressure design of
unlisfed components to which)the rules elsewhere in
para| 304 do not apply shall be based on calculations
consistent with the design/ criteria of this Code. These
calcullations shall beysubstantiated by one or more of

k. Calculations and documentation showing com-
pliancewith paras. 304.7.2(a), (b), (c), or (d), and (e) shall

(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.

(c) proof test in accordance with either 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

29

V////Z

Y.

from Table A-1 shall be used in place of the pllowable
stress, S, in Division 2 where applicable. At dgsign tem-
peratures in the creep range, additional consjderations
beyond the scope of Division 2 may be necessary.

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

304.7.3 Metallic Components With Nonmetallic
Pressure Parts. Components not covered by standards
listed in Table 326.1, in which both metallic and nonme-
tallic parts contain the pressure, shall be evaluated by
applicable requirements of para. A304.7.2 gs well as
those of para. 304.7.2.

304.7.4 Expansion Joints
(a) Metallic Bellows Expansion Joints. The desfgn of bel-
lows type expansion joints shall be in accordance with
Appendix X. See also Appendix F, para. F304.7.4 for
further design considerations.

dance with para. 318 and other applicable requirements
of this Code.

(2) External piping loads shall notimpose excessive
bending on the joint.

(3) The effective pressure thrust area shall be com-
puted using the outside diameter of the pipe.

(c) Other Types of Expansion Joint. The design of other

types of expansion joint shall be qualified as required
by para. 304.7.2.
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PART 3
FLUID SERVICE REQUIREMENTS FOR PIPING
COMPONENTS

305 PIPE

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

305.1 General

ASTM A 426, E > 0.90
ASTM A 671, E; > 0.90
ASTM A 672, E; 2 0.90
ASTM A 691, E; > 0.90

(c) Stainless Steel Alloy Pipe
ASTM A 268, seamless
ASTM A 312, seamless
ASTM A 358, E; 2 0.90
ASTM A 376

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
305.2J1 Pipe for Category D Fluid Service. The fol-
lowing ¢arbon steel pipe may be used only for
Category| D Fluid Service:
API 5L, Furnace Butt-Welded

ASTM A 53, Type F
ASTM A 134 made from other than ASTM A 285
pldte

305.2)2 Pipe Requiring Safeguarding. When used
for other|than Category D Fluid Service, the following
carbon steel pipe shall be safeguarded:

ASTM A 134 made from ASTM A 285 plate
ASTM A 139

305.2.3 Pipe for Severe Cyclic Conditions. Only the
followinlg pipe” may be used under severe cychic
conditiorys:

(a) Carpon Steel Pipe

API pL, Grade A or B, seamless
API pL, Grade A or B, SAW, str. seam, E; 2095
API 5L, Grade X42, seamless
API 5L, Grade X46, seamless
API pL, Grade X52, seamless
API 5L, Grade X56, seamléss
API 5L, Grade X60, seamless
ASTM A 53, seamless
ASTM A 106
ASTM A 333, seaniless
ASTM A 369
ASTM A-38%,E; > 0.90
ASTM A 524

A.QN

ASTM-A-6AE—>=-696

L

ASTM A 451, E. 2 0.90

(d) Copper and Copper Alloy Pipe
ASTM B 42
ASTM B 466

(e) Nickel and Nickel Alloy Pipe
ASTM B 161
ASTM B 165
ASTM B 167
ASTM B 407

(f) Aluminum Alloy Pipe
ASTM B 210, Tempers O and H112
ASTM B 241, Tempers O and H112

305.2:4Elevated Temperature Fluid Service. In ele-
vated temperature fluid service, all longitudinal or $piral
welds'in P-No. 4 or P-No. 5 materials shall be examhined
by.100% radiography or 100% ultrasonic examingtion.
Acceptance criteria are as stated in para. 341.3.2 and in
Table 341.3.2, for Normal Fluid Service, unless othefwise
specified.

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

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.

306.1 Pipe Fittings

used
303.

306.1.2 Unlisted Fittings. Unlisted fittings may be

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

p =}

ASTM A 672, E; 2 0.90
ASTM A 691, E; 2 0.90

(b) Low and Intermediate Alloy Steel Pipe
ASTM A 333, seamless
ASTM A 335
ASTM A 369

7 Casting or joint factors, E, or E;, specified for cast or welded
pipe that do not correspond with E factors in Table A-1A or A-1B
are established in accordance with paras. 302.3.3 and 302.3.4.
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used only in accordance with para. 302.2.3.

306.1.3 Specific Fittings

(a) Proprietary welding branch outlet fittings which
have been design proof tested successfully as prescribed
in ASME B16.9, MSS SP-97, or the BPV Code, Section
VIII, Division 1, UG-101 may be used within their estab-
lished 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.
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306.1.4 Fittings for Severe Cyclic Conditions
(a) Only the following fittings may be used under
severe cyclic conditions:
(1) forged
(2) wrought, with factor Ei 2 0.90,8 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.

306.4.1 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
ASME B16.9 lap-joint stub end.

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

(c) The lap material shall have an allowable stress at

306.

306.2.1 General

(a)] A pipe bend made in accordance with paras.
332.211 and 332.2.2, and verified for pressure design in
accofdance with para. 304.2.1, is suitable for the same
servife 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.

Pipe Bends

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

3(
bend
used

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

306.3 Miter Bends

306.3.1 General. Except as stated ingpara. 306.3.2,
a miter bend made in accordance with para’304.2.3 and
welded in accordance with para. 311\1 is suitable for
use in 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
weldpd in accordancéwwith para. 311.2.1, may be used
only [for Category-D¢Fluid Service.

306.3.3 Miter'Bends for Severe Cyclic Conditions.
A mifter bend td be used under severe cyclic conditions
shall be@made in accordance with para. 304.2.3 and
weldpd\inaccordance with para. 311.2.2, and shall have

Ieast as great as that of the pipe.
(d) Welding shall be in accordance with~ppra. 311.1
and fabrication shall be in accordance with para. 328.5.5.

306.4.2 Flared Laps. See para'308.2.5 fof require-
ments of lapped flanges for use with flared lap$. A flared
lap is suitable for use in Normial Fluid Service |provided
that all of the following reéquirements are mef.

(a) The pipe used shallbe of a specification ind grade
suitable for forming Without cracks, surface [buckling,
or other defects.

(b) The outside)diameter of the lap shall pe within
the dimensional tolerances of the corredponding
ASME Bl69Jap-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 thediameter
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
conditions shall conform to the requirement$ of para.
306.4.1, except that welding shall be in accordance with
para. 311.2.2. A fabricated lap shall conform fo a detail
shown in Fig. 328.5.5, sketch (d) or (e).

an angle a (see kFig. 5304.2.3) < 22.5 deg.

306.4 Laps

The following requirements do not apply to fittings
conforming to para. 306.1, specifically lap-joint stub ends
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).

8 See paras. 302.3.3 and 302.3.4.
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(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.

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.
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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 in accordance with para. 311.2.2, with fabrication
limited to a detail equivalent to Fig. 328.5.4D sketch (2)
or (4), or to Fig. 328.5.4E.

307 VALVES AND SPECIALTY COMPONENTS

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.

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

307.1 General

307.1l1 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 only in accordance with para. 302.2.3. Unless pres-
sure—temperature ratings are established by the method
set forth in ASME B16.34, pressure design shall be quali-
fied as rejquired by para. 304.7.2.

307.2 Specific Requirements

307.2{1 Bonnet Bolting. A bolted bonnet valve
whose bqnnet is secured to the body by less than four
bolts, or by a U-bolt, may be used only for Category D
Fluid Ser}ice.

307.2{2 Stem Retention. Valves shall be designed
so that the stem seal retaining fasteners (e.g.,\packing,
gland fasteners) alone do not retain the stem. Specifi-
cally, the |design shall be such that the stent shall not be
capable gf removal from the valve,(While the valve is
under pr¢ssure, by the removal ofthe stem seal retainer
(e.g., gland) alone.

308 FLANGES, BLANKS, FLANGE FACINGS, AND
GllSKETS

308.1 G

308.1)1 Listed Components. A listed flange, blank,
or gaskef isystiitable for use in Normal Fluid Service,

neral

(1) subject to severe erosion, crevice corrosign, or
cyclic loading
(2) flammable, toxic, or damaging to’human {issue
(3) under severe cyclic conditions
(4) at temperatures below,-101°C (-150°F)
(b) The use of slip-on flanges should be avgided
where many large temperatuze cycles are expected, par-
ticularly if the flanges ate-not insulated.
(c) Slip-on Flanges as-Lapped Flanges. A slip-on flange
may be used as@ lapped flange only as shoyn in
Table 308.2.1 unless'pressure design is qualified in 4ccor-
dance with para. 304.5.1. A corner radius or bevell shall
conform to.ene of the following as applicable:
(1) _Foran ASME B16.9 lap joint stub end or a fprged
lap (seepara. 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
socket welding flange is subject to the requirements for
socket welds in para. 311.2.5. A threaded flange is syibject
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 tyclic
conditions shall be welding neck conforming to ASME
B16.5 or ASME B16.47, or a similarly proportioned
flange designed in accordance with para. 304.5.1.

308.2.5 Flanges for Flared Metallic Laps. For a

11 1 . anq
except asstated CISEWITETT 11T pdrd. SUG.

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

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

308.2.1 Slip-On Flanges
(a) A slip-on flange shall be double-welded as shown
in Fig. 328.5.2B when the service is
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flange used with a flared metallic Tap (para. 306.4.2), the
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 seating
load is compatible with the flange rating and facing, the
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strength of the flange, and its bolting. Materials shall be
suitable for the service conditions. See also Appendix F,
para. F308.4.

309 BOLTING

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

309.3 Tapped Holes

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

PART 4
FLUID SERVICE REQUIREMENTS FOR PIPING JOINTS

9.1.2 Unlisted Bolting. Unlisted bolting may be
only in accordance with para. 302.2.3.

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

309.1.4 Selection Criteria. Bolting selected shall be
adeqpiate to seat the gasket and maintain joint tightness
undefr all design conditions.

309.2 Specific Bolting

309.2.1 Low Yield Strength Bolting. Bolting having
not k3:re than 207 MPa (30 ksi) specified minimum yield

strer|gth shall not be used for flanged joints rated
ASMEE B16.5 Class 400 and higher, nor for flanged joints
using metallic gaskets, unless calculations have (been
mad¢ showing adequate strength to maintain joint

tightness.

309.2.2 Carbon Steel Bolting. Except where limited
by other provisions of this Code, carbon steel bolting
may pe 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 bewused.

309.2.3 Bolting for-Metallic Flange Combinations.
Any polting which.meets the requirements of para. 309
may |pe used¢with any combination of flange material
and facing.\If either flange is to the ASME B16.1,
AS B16:24, MSS SP-42, or MSS SP-51 specification,
the bplting material shall be no stronger than low yield

310 GENERAL

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

311 WELDED JOINTS

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

311.1.'General

EXcept as provided in paras. 311.2.1 and 311.p.2, welds
shall conform to the following:
(1) 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 accordance with
para. 341.4.1.
(d) Acceptance criteria shall be those in Tak
for Normal Fluid Service.

le 341.3.2

311.2 Specific Requirements

311.2.1 Welds for Category D Fluid Service. Welds
which meet the requirements of para. 311.], but for
which examination is in accordance with parp. 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

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

309.2.4 Bolting for Severe Cyclic Conditions. Low
yield strength bolting (see para. 309.2.1) shall not be
used for flanged joints under severe cyclic conditions.
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exaIiation stratt-be i accordarnce wittr 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 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
(a) If abacking ring is used where the resulting crevice
is detrimental (e.g., subject to corrosion, vibration, or
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severe cyclic conditions), it should be removed and the
internal joint face ground smooth. When it is impractical
to remove the backing ring in such a case, consideration
shall be given to welding without backing rings or to
the use of consumable inserts or removable nonmetallic
backing rings.

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

lds

313 EXPANDED JOINTS

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

(b) Consideration shall be given to the tightness of
expanded joints when subjected to vibration, differential
expansion or contraction due to temperature cycling, or

eld dimensions shall not be less than those
Figs. 328.5.2B and 328.5.2C.

(c) Socket welds larger than DN 50 (NPS 2) shall not
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.

311.26 Fillet Welds

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

(b) Fillet welds may also be used to attach reinforce-
ment andl structural attachments, to supplement the
strength ¢r reduce stress concentration of primarywelds,
and to pievent disassembly of joints.

311.2)7 Seal Welds. Seal welds (para. 328.5.3) may
be used ¢nly to prevent leakage of threaded joints and
shall not |be considered as contribufing any strength to
the joints|

312 FLANGED JOINTS

312.1 Jojnts Using Flanges of Different Ratings

Where [flariges of different ratings are bolted together,
the rating of the joint shall not exceed that of the lower

external mechanical loads.

314 THREADED JOINTS
314.1 General

Threaded joints are suitable forN6tmal Fluid S¢rvice
except as stated elsewhere in{para. 314. They mpy be
used under severe cyclic conditions only as provided in
paras. 314.2.1(c) and 314.272

(a) Threaded joints $hould be avoided in any sgrvice
where crevice corrosion, severe erosion, or cyclic lopding
may occur.

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

(c) Layout of piping employing threaded jpints
should{/insofar as possible, minimize stress on jpints,
givihg 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.

314.2 Specific Requirements

314.2.1 Taper-Threaded Joints. Requirements|in (a)
through (c) below apply to joints in which the thireads
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 suitabjle for
the service.

(c) Threaded components of a specialty nature which

rated flange. Bolting torque shall be limited so that
excessive loads will not be imposed on the lower rated
flange in obtaining a tight joint.

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.
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are not subject to external moment loading, such as
thermometer wells, may be used under severe cyclic
conditions.

(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. Threaded joints
in which the tightness of the joint is provided by a
seating surface other than the threads (e.g., a union com-
prising male and female ends joined with a threaded

(10)
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Table 314.2.1 Minimum Thickness of
External Threaded Components

fitting selected is also adequate for pressure and other
loadings. The design shall be qualified as required by
para. 304.7.2.

Notch- Size Range Min. Wall
Fluid Sensitive [Note (1)] Thickness
Service Material DN NPS [Note (2)] 316 CAULKED ]0|NTS
1
Normal Yes [Note 3)] - < é‘g = ;/2 gz: ig Caulked joints such as bell type joints shall be limited
65-150 2,6 Sch. 40 to Category D fluid service and to a temperature not over
- 2= . P
93°C (200°F). They shall be used within the pressure—
Normd| No [Note (4)] <50 <2 Sch. 40S temperature limitations of the joint and pipe. FProvisions
65-150 246 Sch. 40S shall be made to prevent disengagement, of|joints, to
. prevent buckling of the piping, and to\sustdin lateral
Categgry D Either <300 <12 In aFcr10rdance reactions produced by branch connectiong or other
with para.
304.1.1 causes.
GENERAL NOTE: Use the greater of para. 304.1.1 or thickness shown
in thid Table. 317 SOLDERED AND BRAZED JOINTS
NOTES: o 317.1 Soldered Joints
(1) Fdr sizes > DN 50 (NPS 2), the joint shall be safeguarded (see
Appendix G) for a fluid service that is flammable, toxic, or dam- Soldered joints-shall be made in accordancg¢ with the

aging to human tissue.

(2) N@minal wall thicknesses is listed for Sch. 40 and 80 in ASME
B36.10M and for Sch. 40S in ASME B36.19M.

(3) Fgr example, carbon steel.

(4) Fdr example, austenitic stainless steel.

uniop nut, or other constructions shown typically in
Fig. 335.3.3) may be used. If such joints are used under
sevefe cyclic conditions and are subject to external
moment loadings, safeguarding is required.

315
315.

In jselecting and applying flared, flareless, and com-
presdion type tubing fittings, theldesigner shall consider
the possible adverse effects on the joints of such factors
as aspembly and disassembly; cyclic loading, vibration,
shock, and thermal expansion and contraction.

TUBING JOINTS

I General

315.

Joints using flated, flareless, or compression type tub-
ing flttings coyered by listed standards may be used in
Normal Fluid Service provided that

(a)] the fittings and joints are suitable for the tubing
with ket S .
and minimum wall thickness) and are used within the
pressure—temperature limitations of the fitting and the
joint

(b) thejoints are safeguarded when used under severe
cyclic conditions

P Joints Conforming to Listed Standards

315.3 Joints Not Conforming to Listed Standards

Joints using flared, flareless, or compression type tub-
ing fittings not listed in Table 326.1 may be used in
accordance with para. 315.2 provided that the type of
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provisions of para. 333 and may be used only in
Category D\ fluid service. Fillet joints made wiith solder
metal are ot permitted. The low melting poinf 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 safeguarde¢d in fluid
services which are flammable, toxic, or darhaging to
human tissue. They shall not be used under seyere cyclic
conditions. The melting point of brazing alloyjs shall be
considered where possible exposure to fire is|involved.

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

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

3 - compo-
nents are suitable for Normal Fluid Service.

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 which has sufficient strength
to withstand anticipated conditions of service.
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318.2.2 Joint Interlocks. Either mechanical or
welded interlocks shall be provided to prevent separa-
tion of any joint used for a fluid service which is flamma-
ble, toxic, or damaging to human tissues, of any joint
to be used under severe cyclic conditions, and of any
joint exposed to temperatures in the creep range.

318.2.3 Bell and Gland Type Joints. If not covered
in para. 316, bell type and gland type joints used under
severe cyclic conditions require safeguarding.

as guides and anchors, it will be displaced from its
unrestrained position.

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

(c) Externally Imposed Displacements. Externally
caused movement of restraints will impose displace-
ments on the piping in addition to those related to ther-
mal effects. Movements may result from tidal changes

PART 5
FLEXIBILITY AND SUPPORT

319 PIIING FLEXIBILITY
319.1 R

-319.11 Basic Requirements. Piping systems shall
have sufffcient flexibility to prevent thermal expansion
or.contraction or movements of piping supports and

quirements

terminalg from causing

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

(b) leakage at joints

(c) detfimental stresses or distortion in piping and
valves orlin connected equipment (pumps and turbines,
for exanjple), resulting from excessive thrusts and
moments|in the piping

319.1)2 Specific Requirements. In para. 319, con-

cepts, dafa, and methods are given for determining the
requirements for flexibility in a piping system and for
assuring that the system meets all of these requirements.
In brief, these requirements are that

(a) the|computed stress range at any point/due to
displacements in the system shall not exceed the allow-
able stregs range established in para. 302:3.5

(b) reagtion forces computed in para."319.5 shall not
be detrinjental to supports or connected equipment

(c) conpputed movement of the)piping shall be within
any presdribed limits, and preperly accounted for in the
flexibility| calculations

If it is determined thata piping system does not have
adequate|inherent flexibility, means for increasing flexi-
bility shall be provided in accordance with para. 319.7.

Alternative.tules for evaluating the stress range are
provided|in Appendix P.

(dockpiping), wind sway (e.g., piping supported ffom a
tall slender tower), or temperature changes in gonnected
equipment.

Movement due to earth settlement, since it is a gingle
cycle effect, will not significantly influence fatigug life.
A displacement stress range greater than that pernpitted
by para. 302.3.5(d) may be allowable/if due considerjation
is given to avoidance of excessiye localized strain and
end reactions.

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

319:2.2 Displacement Stresses
(@)\Elastic Behavior. Stresses may be considered pro-
portional to the total displacement strains in a piping
system in which the strains are well-distributed and not
excessive at any point (a balanced system). Laydqut of
systems should aim for such a condition, which is
assumed in flexibility analysis methods provided ih this
Code.
(b) Owerstrained Behavior. Stresses cannot be cqnsid-
ered proportional to displacement strains throughout a
piping system in which an excessive amount of $train
may occur in localized portions of the system (an ynbal-
anced system). Operation of an unbalanced syst¢m in
the creep range may aggravate the deleterious effects
due to creep strain accumulation in the most susceptible
regions of the system. Unbalance may result from one
or more of the following;:
(1) highly stressed small size pipe runs in
with large or relatively stiff pipe runs.
(2) a local reduction in size or wall thicknegs, or
local use of material having reduced yield strength (for

beries

319.2 Concepts

Concepts characteristic of piping flexibility analysis
are covered in the following paragraphs. Special consid-
eration is given to displacements (strains) in the piping
system, and to resultant bending and torsional stresses.

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
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t)&dllll,)lt, BT thweldsof bubblauliany tower b'ut,ngth
than the base metal).

(3) a line 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
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and then multiplied by the ratio of the elastic modulus
at ambient temperature to the modulus used in the anal-
ysis for each segment.

Unbalance should be avoided or minimized by design
and layout of piping systems, particularly those using
materials of low ductility. Many of the effects of unbal-
ance can be mitigated by selective use of cold spring.
If unbalance cannot be avoided, the designer shall use
appropriate analytical methods in accordance with
para 3154 o-asstire—adeatate—lexibtity—as—defirred—in
para/|319.1.

319.2.3 Displacement Stress Range

(a)| In contrast with stresses from sustained loads,
suchf as internal pressure or weight, displacement
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
condjtion of greatest displacement (highest or lowest
temperature, or greatest imposed movement) from its
installed condition, any yielding or creep brings about
a reduction or relaxation of stress. When the system is
later [returned to its original condition (or a condition
of opposite displacement), a reversal and redistribution
of stiesses occurs which is referred to as self-springing.
It is $imilar to cold springing in its effects.

(b)] While stresses resulting from displacement strains
dimipnish with time due to yielding or creep, the alge-
braic|difference between strains in the extreme displace-
menff condition and the original (as-installed) conditioh
(or any anticipated condition with a greater differential
effect) remains substantially constant during.any one
cycle|of operation. This difference in strains-produces a
corresponding stress differential, the displdcement stress
rang¢, which is used as the criterion_in the design of
piping for flexibility. See para. 302.3:5(d) for the allow-
able ptress range, S4, and para. 319.4.4(a) for the com-
putedl stress range, Sg.

(c)| Average axial stresses(Ovér the pipe cross section)
due fo longitudinal foyeescaused by displacement
strains are not normally'eonsidered in the determination
of digplacement streSs range, since this stress is not sig-
nificgnt in typical(piping layouts. In special cases, how-
ever,|consideration of average axial displacement stress
is nefressarynExamples include buried lines containing
hot fluids, double wall pipes, and parallel lines with
diffefentt-operating temperatures, connected together at

hangers will not be displaced as far from their original
settings.

Inasmuch as the service life of a piping system is
affected more by the range of stress variation than by
the magnitude of stress at a given time, no credit for
cold spring is permitted in stress range calculations.
However, in calculating the thrusts and moments where
actual reactions as well as their range of variations are
significant, credit is given for cold spring.

The following paragraphs deal with propertjes of pip-
ing materials and their application in/piping fflexibility
stress analysis.

319.3.1 Thermal Expansion Data

(a) Values for Stress Range. Values of thermal displace-
ments to be used in detefmining total displlacement
strains for computing the\stress range shall [be deter-
mined from Appendix)C as the algebraic difference
between the value ataximum 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 maximun} (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 temperature, E,,
shall be taken as the values shown in Apperdix C for
the temperatures determined in para. 319.3.1fa) or (b).
For materials not included in Appendix C,|reference
shall be made to authoritative source datd, such as
publications of the National Institute of Standlards and
Technology.

319.3.3 Poisson’s Ratio. Poisson’s ratip may be
taken as 0.3 at all temperatures for all metpls. More
accurate and authoritative data may be used iffavailable.

319.3.4 Allowable Stresses
(a) The allowable displacement stress rangg, S,, and
permissible additive stresses shall be as specifigd in para.
302.3.5(d) for systems primarily stressed irf bending

1 .
more—thrarmrone l.Juul'L.

319.2.4 Cold Spring. Cold spring is the intentional
deformation of piping during assembly to produce a
desired initial displacement and stress. Cold spring is
beneficial in that it serves to balance the magnitude of
stress under initial and extreme displacement condi-
tions. 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-
installed dimensions during initial operation, so that

and/or torsion.

(b) The stress intensification factors in Appendix D
have been developed from fatigue tests of representative
piping components and assemblies manufactured from
ductile ferrous materials. The allowable displacement
stress range is based on tests of carbon and austenitic
stainless steels. Caution should be exercised when using
egs. (1a) and (1b) (para. 302.3.5) for allowable displace-
ment stress range for some nonferrous materials (e.g.,
certain copper and aluminum alloys) for other than low
cycle applications.
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319.3.5 Dimensions. Nominal thicknesses and out-
side diameters of pipe and fittings shall be used in flexi-
bility calculations.

319.3.6 Flexibility and Stress Intensification
Factors. In the absence of more directly applicable data,
the flexibility factor k and stress intensification factor i
shown in Appendix D shall be used for flexibility calcu-
lations described in para. 319.4.

For piping components or attachments (such as

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

319.4.2 Formal Analysis Requirements

(a) Any piping system which does not meet the crite-
ria in para. 319.4.1 shall be analyzed by a simplified,
approximate, or comprehensive method of analysis, as
appropriate.

(b) A simplified or approximate method may be
applied only if used within the range of configurations

valves, strainers, anchor rings, or bands) not covered in
the Table} suitable stress intensification factors may be
assumed |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 D are
combined, their combined k and i might be significantly
different from the values shown. Examples include trun-
nions on elbows and branch connection fittings welded
to anythihg other than straight pipe.

319.4 Fl

319.4/1 Formal Analysis Not Required. No formal
analysis ¢f adequate flexibility is required for a piping
system which

(a) duplicates, or replaces without significant change,
a system|operating with a successful service record

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

(c) is df uniform size, has no more than two points
of fixatioh, no intermediate restraints, and falls within
the limitgtions of empirical eq. (16)°

pxibility Analysis

(16)

for which its adequacy has been demonstrated:

(c) Acceptable comprehensive methodscef anglysis
include analytical and chart methods whi€h provifle 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 fér any component jother
than straight pipe. Credit may be taken for the [extra
flexibility of such a compofient.

319.4.3 Basic Assumptions and Requirements.
Standard assumptions specified in para. 319.3 shall be
followed in all<ases. In calculating the flexibility of a
piping system<between anchor points, the system|shall
be treated d@s*a whole. The significance of all pafts of
the line and of all restraints introduced for the pufpose
of reducing moments and forces on equipment or pmall
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 tempefature
range defined by para. 319.3.1.

319.4.4 Flexibility Stresses
(a) The range of bending and torsional stresses|shall
be computed using the reference modulus of elagticity
at 21°C (70°F), E,, except as provided in para.
319.2.2(b)(4), and then combined in accordance with eq.

where (17) to determine the computed displacement gtress
D = putside diameter of pipe, mm (in.) range, Sg, which shall not exceed the allowable ptress
E, = teference modulus of lelasticity at 21°C (70°F), range, Sy, in para. 302.3.5(d).
MPa (ksi) ,
K; = 208000 S4/E,, (mm/m) Sg = [S;2 + 452 17
= B0 Su/E,, (ingft) ' ' t )
L = developed:length of piping between anchors,  where
n (ft) M; = torsional moment
S, = pllowable displacement stress range in accor- Sy = resultant bending stress
Hance’with eq. (1a), MPa (ksi) S, = torsional stress
U = anchordistance straightline betweenanchers; =727
m (ft) Z = section modulus of pipe

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

38

(b) The resultant bending stresses, S;, to be used in
eq. (17) for elbows, miter bends, and full size outlet
branch connections (Legs 1, 2, and 3) shall be calculated
in accordance with eq. (18), with moments as shown in
Figs. 319.4.4A and 319.4.4B.

_ (iiMi)z + (ioMo)z

Sy = 7 (18)
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Fig. 319.4.4A Moments in Bends
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Fig. 319.4.4B Moments in Branch Connections
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Leg 1
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where restraints, the maximum instantaneous values of reac-
i; = in-plane stress intensification factor from  tion forces and moments may be estimated from egs.
Appendix D (21) and (22).
i, = out-plane stress intensification factor from (a) For Extreme Displacement Conditions, R,,. The tem-
Appendix D perature for this computation is the maximum or mini-
M; = in-plane bending moment mum metal temperature defined in para. 319.3.1(b),
M, = out-plane bending moment whichever produces the larger reaction:
Sy = resultant bending stress
Z = section modulus of pipe R, = R( 1- E) Ew 1)
" 3 F
(c) Th¢ resultant bending stress, S;, to be used in
eq. (17) f¢r reducing outlet branch connections shall be ~ Where
calculatedl in accordance with egs. (19) and (20), with C = cold-spring factor varying fromzefo for no
moments{as shown in Fig. 319.4.4B. cold spring to 1.0 for 100% celd spring| (The
For hedder (Legs 1 and 2) factor two-thirds is based on'experience Which
shows that specified cold spring cqnnot
(i:M)? + (i,M,)* be fully assured, even with elabprate
Sp = -z (19) precautions.)
E, = reference modulGsyof elasticity at 21°C (f0°F)
For bran¢h (Leg 3) E,, = modulus of elasticity at maximum or pmini-
— 5 mum metaltemperature
S, = M 20) R = range of{reaction forces or moments (derived
Z, fromAflexibility analysis) corresponding fo the
full displacement stress range and based fon E,
where . . . .
. . . . p . R,, = cestimated instantaneous maximum reajction
i; = in-plane stress intensification factor force or moment at maximum or minimum
Appendix D)
. . e s metal temperature
i, = qut-plane stress intensification factor
Appendix D) (b) For Original Condition, R,. The temperature fqr this
r, = nean branch cross-sectional radius computation is the expected temperature at whigh the

95
(S
Il

fesultant bending stress

thickness of pipe matching branch

T, = thickness of pipe matching run of tee orheader
6
g

~
S3
Il

xclusive of reinforcing elements

Ts = ffegtive branch wall thickness, lessér, of Th and
)(Tv)
Z, = dffective section modulus for branch
_ 2
= 1, Ts
319.4{5 Required Weld Quality Assurance. Any

weld at which Sg exceeds 0.854 (as defined in para.
302.3.5) and the equivalentmumber of cycles N exceeds
7 000 shall be fully examined in accordance with
para. 341{4.3.

319.5 Reéactions

Reactign fofées and moments to be used in design

piping is to be assembled.
R, = CR or CiR, whichever is greater

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

ShEa

Cl - 1_SEEm

(22)

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

R, = estimated instantaneous reaction forge or
moment at installation temperature

Sg = computed displacement stress rang¢q (see
para. 319.4.4)

Sy = see definition in para. 302.3.5(d)

319.5.2 Maximum Reactions for Complex Systems.
For multianchor piping systems and for two-anchofr sys-

of restraints(and supports for a piping system, and in
evaluating the effects of piping displacements on con-
nected equipment, shall be based on the reaction range
R for the extreme displacement conditions, considering
the temperature range defined in para. 319.3.1(b), and
using E,. The designer shall consider instantaneous max-
imum values of forces and moments in the original and
extreme displacement conditions (see para. 319.2.3), as
well as the reaction range, in making these evaluations.

319.5.1 Maximum Reactions for Simple Systems.
For a two-anchor piping system without intermediate
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fems with intermediate restraints, eqs. (21) and (22) are
not applicable. Each case must be studied to estimate
location, nature, and extent of local overstrain, and its
effect on stress distribution and reactions.

319.6 Calculation of Movements

Calculations of displacements and rotations at specific
locations may be required where clearance problems
are involved. In cases where small-size branch pipes
attached to stiffer run pipes are to be calculated sepa-
rately, the linear and angular movements of the junction

(10)
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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-
duce chiefly bending and torsional strains within pre-
scribed limits. The amount of axial tension or
compression strain (which produces large reactions)

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).

usually 1s small.

Wihere the piping lacks built-in changes of direction,
or where it is unbalanced [see para. 319.2.2(b)], large
reactjons or detrimental overstrain may be encountered.
The dlesigner should consider adding flexibility by one
or more of the following means: bends, loops, or offsets;
swivel joints; corrugated pipe; expansion joints of the
bellopvs or slip-joint type; or other devices permitting
angular, rotational, or axial movement. Suitable anchors,
ties, pr other devices shall be provided as necessary to
resis end forces produced by fluid pressure, frictional
resisfance to movement, and other causes. When expan-
sion [joints or other similar devices are provided, the
ss of the joint or device should be considered in
lexibility analysis of the piping.

ANALYSIS OF SUSTAINED LOADS

320.1 Basic Assumptions and Requirements

Sustained conditions may be evaluated by detailed
analysis, approximate methods, or simplified méans
such|as span tables. When detailed analysis‘is per-
formpd, the stress due to sustained loads, Sy, shall be
computed and combined as described irrthis paragraph
and shall not exceed the allowable«described in para.
302.315(c). See Appendix S, Example)2 for guidance on
ing conditions and support'scenarios that result in
eatest 5;, for each operatihg condition being con-

allowafices. Areas used to compute the stresses in this

Si = (S + S + 28, (23a)
LM + (I,Mo)?
e (IiMy)” + (I,Mo) (23b)
V4
where
I; = sustained in-plane moment'index. In the

absence of more applicable-data, I; i$ taken as
the greater of 0.75i; 014.00.
I, = sustained out-plané/moment indgx. In the
absence of moreapplicable data, I, i§ taken as
the greater of 0:75i, or 1.00.

M; = in-plane mement due to sustained lpads, e.g.,
pressurexand weight
M, = out-plane moment due to sustained Ipads, e.g.,

pressure and weight
Z = Gustained section modulus. Z in egs.{(23b) and
(23c) is described in para. 319.4.4 biit is com-
puted in this paragraph using nomjinal pipe
dimensions less allowances; see parp. 320.1.

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

LMy

S =45 (23¢)
where
I; = sustained torsional moment indgx. In the
absence of more applicable data, I} is taken
as 1.00.
M; = torsional moment due to sustained lpads, e.g.,

pressure and weight

The equation for the stress due to sustained lonjgitudinal
force, S,, is

(23d)

, = cross-sectional area of the pipe, cohsidering

paragrapit assulme oniral pipe dimensions fess attow=
ances affecting the inside diameter of the pipe, i.e., the
sum of mechanical and internal corrosion and erosion
allowances. It is the responsibility of the designer to
determine sustained stress indices, I,, I;, I,, and I;, when
a piping component is not explicitly addressed in
Appendix D, e.g., base-ells, reducing elbows, crosses,
close proximity findings, etc., as well as elbows, pipe
bends, or miters other than 90 deg or supported by a
trunnion. Sustained stress indices shall not be lower
than 1.00.

nominal pipe dimensions less allowances; see
para. 320.1

F, = longitudinal force due to sustained loads, e.g.,
pressure and weight

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

The sustained longitudinal force, F,, includes the sus-
tained force due to pressure, which is PjAf unless the
piping system includes an expansion joint that is not
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designed to carry this force itself, where P; is the internal
operating pressure for the condition being considered,
A= 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 pip-
ing system.

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
welded piping components which are to be used for

321 PIIING SUPPORT
321.1 G

The depign of support structures (not covered by this
Code) and of supporting elements (see definitions of
piping apd pipe supporting elements in para. 300.2)
shall be blased on all concurrently acting loads transmit-
ted into puch supports. These loads, defined in para.
301, inclyde weight effects, loads introduced by service
pressure$ and temperatures, vibration, wind, earth-
quake, shpock, and displacement strain (see para. 319.2.2).

For piping containing gas or vapor, weight calcula-
tions needl not include the weight of liquid if the designer
has taken specific precautions against entrance of liquid
into the piiping, and if the piping is not to be subjected to
hydrostafic testing at initial construction or subsequent
inspectiops.

neral

321.1.1 Objectives. Thelayoutand design of piping
and its spipporting elements shall be directed toward
preventirlg the following:

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

(b) leakage at joints

(c) exdessive thrusts and moments on connected
equipment (such as pumps and turbines)

(d) exgessive stresses in the~supporting (or
restraininjg) elements

(e) regonance with imposed-or fluid-induced
vibrationp

(f) excgssive interference with thermal expansion and
contractipn in piping which is otherwise adequately
flexible

(g) unintentiondl ‘disengagement of piping from its
supports

(h) excpssive) piping sag in piping requiring drain-
age slopg

pipe supporting elements.

321.1.4 Materials

(a) Permanent supports and restraints,shall pe of
material suitable for the service conditiens. If steel is
cold-formed to a centerline radiusless than twige its
thickness, it shall be annealed“0r normalized [after
forming.

(b) Cast, ductile, and malleable iron may be use
rollers, roller bases, ancher-bases, and other suppqrting
elements subject chiefly to compressive loading.| Cast
iron is not recommended if the piping may be stibject
to impact-type lgading resulting from pulsation or yibra-
tion. Ductile @nd”malleable iron may be used fo1 pipe
and beam clamps, hanger flanges, clips, bracketd, and
swivel rings.

(c) Steel of an unknown specification may be us¢d for
pipe‘supporting elements that are not welded difectly
to-pressure containing piping components. (Comphtible
intermediate materials of known specification mpay be
welded directly to such components.) Basic alloyable
stress in tension or compression shall not exceed 84 MPa
(12 ksi) and the support temperature shall be withjn the
range of —29°C to 343°C (-20°F to 650°F). For ptress
values in shear and bearing, see para. 302.3.1(b).

(d) Wood or other materials may be used for| pipe
supporting elements, provided the supporting elgment
is properly designed, considering temperature, strgngth,
and durability.

(e) Attachments welded or bonded to the piping|shall
be of a material compatible with the piping and sefvice.
For other requirements, see para. 321.3.2.

321.1.5 Threads. Screw threads shall conform to
ASME B1.1 unless other threads are required for agljust-
ment under heavy loads. Turnbuckles and adjusting nuts
shall have the full length of internal threads enghged.
lock-

d for

(i) excessive distortion or sag of piping (e.g., thermo-
plastics) subject to creep under conditions of repeated
thermal cycling

(j) excessive heat flow, exposing supporting elements
to temperature extremes outside their design limits

321.1.2 Analysis. In general, the location and
design of pipe supporting elements may be based on
simple calculations and engineering judgment. How-
ever, when a more refined analysis is required and a
piping analysis, which may include support stiffness, is
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Ansxzrthrasdad ~diictaant ch Nl ha i 0 vzt o
RythfeaaeaaajaStneRt-shar-be-proviaeawitha

nut, unless locked by other means.

321.2 Fixtures

321.2.1 Anchors and Guides

(a) A supporting element used as an anchor shall be
designed to maintain an essentially fixed position.

(b) To protect terminal equipment or other (weaker)
portions of the system, restraints (such as anchors and
guides) shall be provided where necessary to control
movement or to direct expansion into those portions of


https://asmenormdoc.com/api2/?name=ASME B31.3 2010.pdf

ASME B31.3-2010

the system which 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 consid-
ered in the design of such anchors and guides.

(c) Pipinglayout, anchors, restraints, guides, and sup-
ports for all types of expansion joints shall be designed

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

in acpordarce witthr para. X302 of AppendixX:

321.2.2 Inextensible Supports Other Than Anchors
and Guides '°

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

(b)) Hangers include pipe and beam clamps, clips,
bracKets, rods, straps, chains, and other devices. They
shall|be proportioned for all required loads. Safe loads
for threaded parts shall be based on the root area of the
threalds.

(c)| Sliding Supports. Sliding supports (or shoes) and
brackets shall be designed to resist the forces due to
frictipn in addition to the loads imposed by bearing.
The Himensions of the support shall provide for the
expefted movement of the supported piping.

321.2.3 Resilient Supports *°

(a)| Spring supports shall be designed to exert a sup-,
portihg force, at the point of attachment to the pipe;
equal to the load as determined by weight balance calcu-
latioxﬁs. They shall be provided with means te prevent
misallignment, buckling, or eccentric loading of the
sprinfgs, and to prevent unintentional disengagement of
the 1pad.

(b)| Constant-support spring hangers provide a sub-
stanfially uniform supportingAforce throughout the
rang¢ of travel. The use of this type of spring hanger is
advantageous at locations subject to appreciable move-
menf with thermal changes, " Hlangers of this type should
be selected so that their\tfavel range exceeds expected
movéments.

(c)]| Means shall\be provided to prevent overstressing
spring hangers due to excessive deflections. It is recom-
mendled that\all spring hangers be provided with posi-
tion Indicators.

32
shall be provided with stops to limit travel. Weights
shall be positively secured. Chains, cables, hangers,
rocker arms, or other devices used to attach the counter-
weight load to the piping shall be subject to the require-
ments of para. 321.2.2.

321.2.5 Hydraulic Supports. An arrangement utiliz-
ing a hydraulic cylinder may be used to give a constant

10 Various types of inextensible (solid) and resilient supports are
illustrated in MSS SP-58.
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thermat Sladitll‘tb frthe l.}il.lc watt—Ttts iuLP rtant that
attachments be designed to minimize stress Joncentra-
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,éstraps, and cleviges. If the
weight of a vertical pipeiis supported by a clamp, it is
clamp be
s welded

recommended to ptevent slippage that the
located below a flange, fitting, or support lug
to the pipe.

321.3.2( Integral Attachments. Integral at

be given to the localized stresses induced in
component by welding the integral attachme
as differential thermal displacement strains befween the
attachment and the component to which it is|attached.
Welds shall be proportioned so that the shedr stresses
meet the requirements of para. 302.3.1(b). If thee allowed
stress values differ between the piping compgnent and
the attachment material, the lower of the two values
shall be used.

(a) Integral reinforcement, complete enc{rclement
reinforcement, or intermediate pads of suitgble alloy
and design may be used to reduce contamination or
undesirable heat effects in alloy piping.

(b) Intermediate pads, integral reinforcemfent, com-
plete encirclement reinforcement, or other meaps of rein-

321.4 Structural Connections

The load from piping and pipe supporting elements
(including restraints and braces) shall be suitably trans-
mitted to a pressure vessel, building, platform, support
structure, foundation, or to other piping capable of
bearing the load without deleterious effects. See
Appendix F, para. F321.4.
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PART 6
SYSTEMS

322 SPECIFIC PIPING SYSTEMS
322.3 Instrument Piping

322.3.1 Definition. Instrument piping within the
scope of this Code includes all piping and piping compo-
nents used to connect instruments to other piping or
equipment, and control piping used to connect air or

closing of the maximum number of block valves possible
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.

hydraulidally operated control apparatus. It does not
include ifistruments, or permanently sealed fluid-filled
tubing syjstems furnished with instruments as tempera-
ture or pyessure 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. 30]. If more severe conditions are experienced
during blowdown of the piping, they may be treated as
occasiongl variations in accordance with para. 302.2.4.

(b) Comsideration shall be given to the mechanical
strength ](rincluding fatigue) of small instrument connec-
tions to giping or apparatus (see para. 304.3.5).

(c) Insfrument piping containing fluids which are nor-
mally static and subject to freezing shall be protected
by heat trpcing or other heating methods, and insulation.

(d) If if will be necessary to blow down (or bleed)
instrumept piping containing toxic or flammable fluids;
considergtion shall be given to safe disposal.

322.6 Piessure Relieving Systems

Pressufe relieving systems within the scope of this
Code shdll conform to the following reqtiitements. See
also Appendix F, para. F322.6.

322.6{1 Stop Valves in Pressure’ Relief Piping. If
one or mgre stop valves are installed between the piping
being prgtected and its protective device or devices, or
between fhe protective device or devices and the point
of dischafge, they shall ineet the requirements of (a) and
either (b)|or (c), below.

(a) A full-areastop valve may be installed on the inlet
side of a pressure'relieving device. A full area stop valve
may be plagedon the discharge side of a pressure reliev-
ing device ftsdi i
header with other discharge lines from other pressure
relieving devices. Stop valves of less than 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 increase in
pressure drop will not reduce the relieving capacity
below that required, nor adversely affect the proper
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

32262 . Disc
lines from pressure relieving safety devices sh
designed to facilitate drainage. When discha
directly to the atmosphere, discharge shall not im
on other piping or equipment and shall be-directed
from platforms and other areas used by personnel.
tions on the piping system due to’actuation of s
relief devices shall be consideted/and adequate str
shall be provided to withstand these reactions.

harge
1l be
ging
binge
away
Reac-
afety
bngth

322.6.3 Pressure Relieving Devices
(a) Pressure relieving devices required by para.
301.2.2(a) shallbe in accordance with the BPV Code,
Section VIII, Bivision 1, UG-125(c), UG-126, U(-127,
and UG-132through UG-136, excluding UG-135(¢)) and
UG-136(c): The terms design pressure'! and piping system
shall\be substituted for maximum allowable working pres-
sure and vessel, respectively, in these paragraphs The
required relieving capacity of any pressure reli¢ving
device shall include consideration of all piping systems
which it protects.
(b) Relief set pressure'? shall be in accordance|with
Section VIII, Division 1, with the exceptions statied in
alternatives (1) and (2), below.
(1) With the owner’s approval the set pressur¢ may
exceed the limits in Section VIII, Division 1, proyided
that the limit on maximum relieving pressure stated in
(c) below will not be exceeded.
(2) For a liquid thermal expansion relief device
which protects only a blocked-in portion of a pfiping
system, the set pressure shall not exceed the lesger of
the system test pressure or 120% of design pressure.

(c) The maximum relieving pressure'® shall pe in
accordance with Section VIII, Division 1, with the
tion that the allowances in para. 302.2.4(f) are per

also met.

" The design pressure for pressure relief is the maximum design
pressure permitted, considering all components in the piping
system.

12 Set pressure is the pressure at which the device begins to relieve,
e.g., lift pressure of a spring-actuated relief valve, bursting pressure
of a rupture disk, or breaking pressure of a breaking pin device.

15 Maximum relieving pressure is the maximum system pressure
during a pressure relieving event.
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Chapter Il
Materials

323 GENERAL REQUIREMENTS

(a) there is no prohibition in Appendix A or elsewhere

Chlapter III states limitations and required qualifica-
tions| for materials based on their inherent properties.
Theit use in piping is also subject to requirements and
limitations in other parts of this Code [see para. 300(d)].
See also para. 321.1.4 for support materials, and
Appgendix F, para. F323, for precautionary
considerations.

Materials and Specifications

3.1.1 Listed Materials. Any material used in pres-
ontaining piping components shall conform to a
specification except as provided in para. 323.1.2.

3.1.2 Unlisted Materials. Unlisted materials may
d provided they conform to a published specifica-
overing chemistry, physical and mechanical prop-
iefs, method and process of manufacture, heat

ements of this Code. See also ASME BPV Codé
Sectipn II, Part D, Appendix 5. Allowable stresses shall
be ddtermined in accordance with the applicable‘allow-
able [stress basis of this Code or a more conservative
basis|

323.1.3 Unknown Materials. Materials of unknown
speciffication shall not be used for_pressure-containing
pipirlg components.

323.1.4 Reclaimed Materjals. Reclaimed pipe and
otheq piping components may be used, provided they
are ppoperly identified a$ conforming to a listed or pub-
lishegl specification (para. 323.1.1 or 323.1.2) and other-
wise|meet the requirements of this Code. Sufficient
cleaning and inspeetion shall be made to determine min-
imum wall thickness and freedom from imperfections
which would‘be unacceptable in the intended service.

323.2 Temperature Limitations

in the Code
(b) the designer verifies the serviceability.of|the mate-
rial in accordance with para. 323.2.4

323.2.2 Lower Temperature Limits, Listed Materials
(a) A listed material may be Used at any terhperature
not lower than the minimum“shown in Table|A-1, pro-
vided that the base metal,,weld deposits, gnd heat-
affected zone (HAZ)are“qualified as requir¢d by the
applicable entry in €eldmn A of Table 323.2.7.
(b) For carbon steels with a letter designatjon in the
Min. Temp. column of Table A-1, the minimum|tempera-
ture is defihéd by the applicable curve and|Notes in
Fig. 323.2:2A. If a design minimum metal tenfperature-
thickness combination is on or above the curye, impact
testingis not required.
(e) A listed material may be used at a tefpperature
lower than the minimum shown in Tabﬂ\e A-1 or
Fig. 323.2.2A (including Notes), unless prolibited in
Table 323.2.2, Table A-1, or elsewhere in the Code, and
provided that the base metal, weld deposits, and HAZ
are qualified as required by the applicablg entry in
Column B of Table 323.2.2.
(d) Where the stress ratio defined in Fig. 323.2.2B is
less than one, Fig. 323.2.2B provides a furthey basis for
the use of carbon steels covered by paras. 323..2(a) and
(b), without impact testing.
(1) For design minimum temperatures |of —48°C
(=55°F) and above, the minimum design metalltempera-
ture without impact testing determined|in para.
323.2.2(b), for the given material and thicknegs, may be
reduced by the amount of the temperature freduction
provided in Fig. 323.2.2B for the applicable stfess ratio.
If the resulting temperature is lower than the jninimum
design metal temperature, impact testing of the material
is not required. Where this is applied, the piping system

shall alen nnmp]y with the Fn"nuring vnqnivaments:

The designer shall verify that materials which meet
other requirements of the Code are suitable for service
throughout the operating temperature range. Attention
is directed to Note (7) in Appendix A, which explains
the means used to set both cautionary and restrictive
temperature limits in Tables A-1 and A-2.

323.2.1 Upper Temperature Limits, Listed
Materials. A listed material may be used at a tempera-
ture above the maximum for which a stress value or
rating is shown, only if

45

(a) The piping shall be subjected to a hydrostatic
test at no less than 1% times the design pressure.

(b) Except for piping with a nominal wall thick-
ness of 13 mm (% in.) or less, the piping system shall
be safeguarded (see Appendix G) from external loads
such as maintenance loads, impact loads, and thermal
shock.

(2) For design minimum temperatures lower than
—48°C (-55°F), impact testing is required for all materi-
als, except as provided by Note (3) of Table 323.2.2.
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Table 323.2.2 Requirements for Low Temperature Toughness Tests for Metals
These Toughness Test Requirements Are in Addition to Tests Required by the Material Specification

Type of Material

Column A

Design Minimum Temperature at or 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 cast iron

A-1 No additional requirements

B-1 No additional requirements

2 Malleable and ductile

aber-stealia

A-2 No additional requirements

B-2 Materials designated in Box 2 shall
not-baucad

act iron
g

accordance with Note (1)

(a) Base Metal

(b) Weld Metal and Heat Affected
Zone (HAZ) [Note (2)]

w

Other carbon steels, low
and intermediate alloy
steels, high alloy ferritic
steels, duplex stainless
steels

A-3 (@) No additional require-
ments

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 minimum temperature or

B-3 Except as provided in Notes| (3)
and (5), heat treat base metal in
accordance with applicable A$TM
spégification listed in para. 323.3.2;
then impact test base metal, yeld
deposits, and HAZ in accordafice
with para. 323.3 [see Note (2]].
When materials are used at dpsign
min. temp. below the assignefl curve
as permitted by Notes (2) and (3) of
Fig. 323.2.2A, weld deposits gnd

n
.'_:“ lower in accordanee with the appli- HAZ shall be impact tested [spe
% cable AWS specification, additional Note (2)].
_EU testing is net required.
ﬂJ
-‘E 4 JAustenitic stainless A-4 (a) If: A-4 (b) Weld metal deposits shall be B-4 Base metal and weld metal [depos-
Bteels (1) carbon content by analysis impact tested in accordance with its shall be impact tested in gccor-
> 0.1%; or pdra. 323.3 if design min. temp. dance with para. 323.3. See Notes
(2) material is not in solution < —=29°C (-20°F) except as pro- ), 3, and (6).
heat treated condition; vided in para. 323.2.2 and in
then, impact test in aecor- Notes (3) and (6)
dance with para. 323.3)for
design min. temp. <8—29°C
(-20°F) except as provided
in Notes_(3nand (6)

5 JAustenitic ductile iron, A-5 (a) No.additional require- A-5 (b) Welding is not permitted B-5 Base metal shall be impact fested

IASTM A 571 ments in accordance with para. 323.B. Do
not use < -196°C (-320°F). Welding
is not permitted.

6 Aluminum, copper, A-6 (a) No additional require- A-6 (b) No additional requirements B-6 Designer shall be assured bj suit-
hickel, and their alloys; ments unless filler metal composition is able tests [see Note (4)] that pase
unalloyed titaniunr outside the range for base metal metal, weld deposits, and HAY are

composition; then test in accor- suitable at the design min. temp.
dance with column B-6

)

)

g 7 IAntunlisted material shall conform to a published specification. Where composition, heat treatment, and product form are comparable to those of

= 2 listed mal‘nri:ﬂ, rnqnirnmnnfc forthe rm—rncpnnrling listed material shall he mot Otheor unlisted materials chall ho qualiﬁnrl as rnquirod indthe

E applicable section of column B.

5
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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 A 36, A 283, and
A 570; pipe in accordance with ASTM A 134 when made from these plates; structural shapes in accordance with ASTM A 992; and
pipe in accordance with ASTM A 53 Type F and API 5L Gr. A25 butt weld.

(2) Impact tests that meet the requirements of Table 323.3.1, which are performed as part of the weld procedure qualification, will satisfy
all requirements of para. 323.2.2, and need not be repeated for production welds.

(3) 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

stress ratio defined in Fig. 323.2.2B does not exceed 0.3.

4 T + + Lcl + H 1 ' | ol & HI + o (& L i H AN tel ool & H +. £ AL th
sts—ay-ettde-tensie-—etongation—sharp-notch-tensitestrength{to-be-compared-with-urnotehed-tenste-strength)andfon other

tepts, conducted at or below design minimum temperature. See also para. 323.3.4.

(5) Impact tests are not required when the maximum obtainable Charpy specimen has a width along the notch of less than*2.5|mm

m|nimum temperature for the material in Table A-1.

(0}098 in.). Under these conditions, the design minimum temperature shall not be less than the lower of —48°C (£55°F) or the

(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.).

(e)| The allowable stress or component rating at any
temperature below the minimum shown in Table A-1
or Fig. 323.2.2A shall not exceed the stress value or
rating at the minimum temperature in Table A-1 or the
component standard.

(f) | Impact testing is not required for the following
combinations of weld metals and design minimum
temperatures:

1) for austenitic stainless steel base materialschav-
ing a[carbon content not exceeding 0.10%, welded with-
out filler metal, at design minimum tempefatures of
-1017C (-150°F) and higher

2) for austenitic weld metal

(a) having a carbon content notexceeding 0.10%,
and produced with filler metals conforming to AWS
A5.4) A5.9, A5.11, A5.14, or A5.22" at design minimum
temperatures of —101°C (-150°F) and higher, or
(b) having a carbon gontent exceeding 0.10%, and
prodpiced with filler.metals conforming to AWS A54,
A5.9] A5.11, A5.14,0r A5.221 at design minimum tem-
peratures of —48°CA-55°F) and higher

323.2.3_Temperature Limits, Unlisted Materials. An
unlisted (material, acceptable under para. 323.1.2, shall
be qualified for service at all temperatures within a

323.2.4 WVetification of Serviceability
(a) When dn unlisted material is to be used} or when

a listed:naterial is to be used above the highesf tempera-
ture for' which stress values appear in Appenglix A, 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 materigl, includ-
ing the derivation of stress data and the estaplishment
of temperature limits.
(b) Data for the development of design lifnits shall
be obtained from a sound scientific program carried out
in accordance with recognized technology fof both the
material and the intended service conditions. Factors to
be considered include
(1) applicability and reliability of the dta, espe-
cially for extremes of the temperature range
(2) resistance of the material to deleteriqus effects

of the fluid service and of the environment tHroughout
the temperature range
(3) determination of allowable stresses|in accor-
dance with para. 302.3

323.3 Impact Testing Methods and Acceptance
Criteria

stated range, from design minimum temperature to
design maximum temperature, in accordance with
para. 323.2.4.

! Titles of referenced AWS standards are as follows: AWS A5.4,
Stainless Steel Electrodes for Shielded Metal Arc Welding; AWS
Ab5.9, 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.

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.

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 A 370. For material
forms that are represented by the ASTM specifications

(10
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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)

Nominal Thickness T, in. [Note (6)]
0 0.394 05 1.0 1.5 2.0 25
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/ Cu‘ve 0 —— 0

20 /
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/ Note (4) -1 30
-40
_48 _—Ll___ ________ Note®) | _ _ _ | I
50 T

Design Minimum Temperature, °C

————— ——— -85
-60
0 10 20 30 40 50 60 70
Nominal Thickness 7, mm [Note (6)]
NOTES:
(1) Any carpon steel matetial may be used to a minimum temperature of —29°C (-20°F) for Category D Fluid Service.
(2) X Graddg

s of APIt5LK, and ASTM A 381 materials, may be used in accordance with Curve B if normalized or quenched and temperef.
(3) The following materials may be used in accordance with Curve D if normalized:
(@) ASTM/A 516 Plate, all grades

(b)LASIM A 671 Pipe, Grades CE55, CF60, and all grades made with A 516 plate
(c) ASTM A 672 Pipe, Grades E55, E60, and all grades made with A 516 plate

(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.

48
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Tabular Values for Minimum Temperatures Without Impact Testing for Carbon Steel

Materials (See Fig. 323.2.2A for Curves and Applicable Notes)

Design Minimum 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 oF
6.4 U.25 =94 15 =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
111 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 -250 -13 -38.3 -37
22.2 0.875 16.7 62 -3.9 25 -28.3 -10 -36.7 -34
23.8 0.9375 18.3 65 -1.7 29 £21.7 -7 -35.6 -32
25.4 1.0 20.0 68 0.6 33 -19.4 -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 44 -14.4 6 -29.4 =21 [‘5
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 94 49 -11.1 12 -26.7 -16 .
38.1 1.5 31.1 88 10.6 51 -10.0 14 -25.6 =14 EZ
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 2.0 372 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 23125 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 Minimum Design Metal Temperature Without Impact Testing

Temperature Reduction, °F
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GENERAL NPTES:
(@) The strgss ratio is defined as the maximum of the following:

(1) ngminal pressure stress (based on minimum pipe wall thickness less allowances) divided by S at the design minimum
temperature,

(2) fof pipings\components with pressure ratings, the pressure for the condition under consideration divided by the pressure ratng at

thie desigh minimum temperature.

(3) cdmbhined longitudinal stress due to pressure dead weight and displacement strain. (stress intensification factors are not
included in this calculation) divided by S at the design minimum temperature. In calculating longitudinal stress, the forces and
moments in the piping system shall be calculated using nominal dimensions and the stresses shall be calculated using section
properties based on the nominal dimensions less corrosion, erosion, and mechanical allowances.

(b) Loadings coincident with the metal temperature under consideration shall be used in determining the stress ratio as defined above.
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Table 323.3.1

Impact Testing Requirements for Metals

Column A
Materials Tested by the Manufacturer [Note (1)]

Column B
Materials Not Tested by the Manufacturer or

Test or Those in Table 323.2.2 Requiring Impact Tests Those Tested But Heat Treated During or After
[ Characteristics OTty om Welas Faprication
Number of A-1 The greater of the number required by B-1 The number required by the applicgdble
tests (@) the material specification or specification listed in para,'323.3.3 [Note (2)]

(b) the applicable specification listed in para.
323.3.2 [Note (2)]

Tests on Materials

Location and orientation
of specimens

A-2 As required by the applicable specification listed in para. 323.3.2.

Tests by

A-3 The manufacturer

B-3 The fabricatoror erector

Test piece for prepara-
tion of impact spec-
imens

will have received.

A-4 One required for each welding procedure, for each type of filler metal (i.e., AWS E-XXXX dlassifica-
tion), and for each flux to be used. Test pieces shall be subjected to essentially the same heat
treatment (including time at temperature or temperatures and cooling rate) as the erectefd piping

Tests on Welds in Fabrication or Assembly

Number of test pieces
[Note (3)]

A-5

(@) One piece, thickness T, for each range of.
material thickness from 7/2 to T+ 6 mm
Y, in)
Unless required by the engineeringtdesign,
pieces need not be made from™each lot, nor
from material for each job,-provided that
welds have been testedas-required by Sec-
tion 4 above, for the same type and grade
of material (or for'the’same P-Number and
Group Number'in.BPV Code, Section IX),
and of the same thickness range, and that
records of the tests are made available

(b)

B-5

(@) One piece from each lot of mater
specification and grade including
ment [Note (4)] unless
Materials are qualified by the fabficator or
erector as specified in Sections B-1 and B-2
above, in which case the requirements of
Section A-5 apply

al in each
heat treat-

(b)

Location and orientation
of specimens

6

(b)

possible of the HAZ in the fracture.

(@) Weld metal: across the weld, with notch in the weld metal; notch axis shall be normal
surface, with one face of specimen < 1.5 mm (Y4 in.) from the material surface.

Heat affected zone (HAZ): across the weld and long enough to locate notch in the HAZ
ing; notch axis shall be approximately normal to material surface and shall include as

to material

after etch-
much as

Tests by

7 The fabricator or erector

NOTEY:
certified report.ofimpact tests performed (after being appropriately heat treated as required by Table 323.2.2, item B-3) Hy the man-
hcturer shdll be obtained as evidence that the material (including any welds used in its manufacture) meets the requirem

A
uf]
Cq

de and_that

(a) the tests were conducted on specimens representative of the material delivered to and used by the fabricator or erec
(b)the tests were conducted on specimens removed from test pieces of the material which received heat treatment sepafately in

nts of this

or, or

th

sdme manner as tne mdteriat (Inctuding nedt treatment DY the mManuraCturer) SO0 a5 10 De representative or tne rmisned

iping

(2) If welding is used in manufacture, fabrication, or erection, tests of the HAZ will suffice for the tests of the base material.

(3) The test piece shall be large enough to permit preparing three specimens from the weld metal and three from the HAZ (if required) in
accordance with para. 323.3. If this is not possible, preparation of additional test pieces is required.

(4) For purposes of this requirement, “lot” means the quantity of material described under the “Number of tests” provision of the specifica-
tion applicable to the product term (i.e., plate, pipe, etc.) listed in para. 323.3.2.
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listed below, impact tests shall be conducted in confor-
mance with those requirements as well. When conflicts
exist between the specific requirements of this Code and
the requirements of those specifications, the require-

Table 323.3.4 Charpy Impact Test

Temperature Reduction

Actual
Material Thickness

ments of this Code shall take precedence. [See Para. 323.3.4(b)] Temperature
or Charpy Impact Reduction
Product Form ASTM Spec. No. Specimen Width Below Design

Pipe A 333 Along the Notch Minimum

Tube A 334 [Note (1)] Temperature

Fil-h'ngq A 420 oo i Vel oF

Forgings A 350

Castings A 352 10 (full size 0.394 0 0

Bolting A 320 standard bar)

Plate A20 9 0.354 0 0
GENERAL|NOTE: Titles of referenced standards not listed in the 8 0.315 0 0
Spec%ficat ons Index for Appendix A are: A 20 General 7.5 (¥, size ba) 0.295 28 5
Requiremehts for Steel Plates for Pressure Vessels and A 370 Test 7 0.276 bl 8
Methods aipd Definitions for Mechanical Testing of Steel Products. 6.67 (% size bar) 0.269 5.6 10

323.313 Test Specimens. Each set of impact test 6 0:236 8.3 15
specimens shall consist of three specimen bars. All 5 (4, size bar) 0.197 11.1 20
impact tpsts shall be made using standard 10 mm 4 0.157 16.7 30
(0.394in.)} square cross sectior} Charpy V—not.ch specimen 3.33 (Y size bar) 0.131 19.4 35
bars, excgpt when the material shape or thickness does 3 0.118 22.2 40
not permiit. Charpy impact tests may be performed on 2.5 (%, size bar) 0.098 27.8 50

specimens of full material thickness, which may be

machined
such matf
the larggd
Table 323

323.3
tests, the
(b) shall 1
handling
time to r¢

(a) For
10 mm (0
V-notch s
8 mm (0.4
shall be

toremove surface irregularities. Alternatively,

erial may be reduced in thickness to produce
st possible Charpy subsize specimen. See
.3.4.

4 Test Temperatures. For all Charpy impact
test temperature criteria in para. 323.3.4(a)-or
e observed. The test specimens, as wellas the
tongs, shall be cooled for a sufficient lehgth of
bach the test temperature.

Materials of Thickness Equal t¢ oy Greater Than
394 in.). Where the largest attainable Charpy
pecimen has a width alofigythe notch of at least
15 in.), the Charpy test ising such a specimen

the desig
possible
than 8 mj
lower th,
amount s|

(b) Fof

(0.394 in.)—W = v
specimen has a width along the notch of at least 80%

fonducted at a temperature not higher than
n minimum temperature. Where the largest
est specimenrhas a width along the notch less

m, the testshall be conducted at a temperature

an the d€sign minimum temperature by the

own'in Table 323.3.4 for that specimen width.
Materials With Thickness Less Than 10 mm

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

be conducted at a temperature lower than the design
minimum temperature by an amount equal to the differ-

ence (refe

rring to Table 323.3.4) between the temperature

reduction corresponding to the actual material thickness

52

GENERAINOTE: These temperature reduction criteria do not apply
when Table 323.3.5 specifies lateral expansion for minimum required
values.

NOTE:

(1) Straight line interpolation for intermediate values is pernpitted.

and the temperature reduction corresponding to the
Charpy specimen width actually tested.

323.3.5 Acceptance Criteria

(a) Minimum Enerqy Requirements. Except for blting
materials, the applicable minimum energy requirgment
for carbon and low alloy steels with specified minimum
tensile strengths less than 656 MPa (95 ksi) shall be those
shown in Table 323.3.5.

(b) Lateral Expansion Requirements. Other carbom and
low alloy steels having specified minimum tgnsile
strengths equal to or greater than 656 MPa (95 ksi), all
bolting materials, and all high alloy steels (P-Nos| 6, 7,
and 8) shall have a lateral expansion opposite the hotch
ofnottess—than035—mm—<6- H —t imen
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 A 370).

(c) Weld Impact Test Requirements. Where two base
metals having different required impact energy values
are joined by welding, the impact test energy require-
ments shall conform to the requirements of the base
material having a specified minimum tensile strength
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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 cnaciman 14 10 10 7
i
Over 448 to 517 MPa (75 ksi) Average for 3 specimens 20 15 18 13
Minimum for 1 specimen 16 12 14 10
Over 417 but 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 in 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) Sde para. 323.3.5(d) for permissible retests.

(2) Erlergy values in this Table are for standard size specimens. For subsize specimenfis, these values shall be multiplied by the [ratio of the

adtual specimen width to that of a full-size specimen, 10 mm (0.394 in.).

(3) Fdr bolting of this strength level in nominal sizes M 52 (2 in.) and under, the“impact requirements of ASTM A 320 may be dpplied. For

bqlting over M 52, requirements of this Table shall apply.

most| closely matching the specified minimum tensile
strength of the weld metal.
(d)| Retests

1) For Absorbed Energy Criteria. When the average
valug of the three specimens equals or.exceeds the mini-
mun| value permitted for a single specimen and the
valug for more than one specimen is below the required
avergge value, or when the valie for one specimen is
below the minimum value'permitted for a single speci-
men, a retest of three‘additional specimens shall be
madg¢. The value foreach of these retest specimens shall
equal or exceed théyrequired average value.

2) For Lateral Expansion Criterion. If the value of
lateral expansioh for one specimen in a group of three
is below0.38 mm (0.015 in.) but not below 0.25 mm
(0.01}in),~and if the average value for three specimens

(3) For Erratic Test Results. When an erratic result
is caused by a defective specimen or there is upcertainty
in the test procedure, a retest will be allowed.

323.4 Fluid Service Requirements for Mater{als

323.4.1 General. Requirements in para. 323.4 apply
to pressure containing parts. They do not apply to mate-
rials used for supports, gaskets, packing, or bglting. See
also Appendix F, para. F323.4.

323.4.2 Specific Requirements

(a) DuctileIron. Ductile iron shall notbe usedl for pres-
sure containing parts at temperatures belgw —-29°C
(-20°F) (except austenitic ductile iron) or abgve 343°C
(650°F). Austenitic ductile iron conforming tol ASTM A
571 may be used at temperatures below -29°C (-20°F)
down to the temperature of the impact test corjducted in

equalsorexceeds 038 T (001511, Tetestof 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
each of the specimens must equal or exceed the specified
minimum value of 0.38 mm (0.015 in.).

53

accordance with that specification but not below —196°C
(=320°F).

Valves having bodies and bonnets or covers made of
materials conforming to ASTM A 395 and meeting the
requirements of ASME B16.42 and additional require-
ments of ASME B16.34 Standard Class, API 594, API1 599,
or API 609 may be used within the pressure-temperature
ratings given in ASME B16.42.

Welding shall not be performed in the fabrication or
repair of ductile iron components nor in assembly of
such components in a piping system.

(10
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(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) Castiron shall not be used above ground within
process unit limits in hydrocarbon or other flammable
fluid service at temperatures above 149°C (300°F) nor
at gage pressures above 1035 kPa (150 p51) In other
locations attb

(2) Malleable iron shall not be used in any ﬂL‘lld
service af temperatures below —29°C (-20°F) or above
343°C (640°F) and shall not be used in flammable fluid
service af| temperatures above 149°C (300°F) nor at gage
pressureq above 2760 kPa (400 psi).

(3) Hligh silicon iron (14.5% Si) shall not be used in
flammable fluid service. The manufacturer should be
consulted for pressure-temperature ratings and for pre-
cautionaly measures when using this material.

(c) Other Materials

(1) If welding or thermal cutting is performed on
aluminurh castings, the stress values in Appendix A and
componet ratings listed in Table 326.1 are not applica-
ble. It is the designer’s responsibility to establish such
stresses and ratings consistent with the requirements of
this Codg.

(2) Ifead and tin and their alloys shall not be used
in flammpble fluid services.

- 323.4/3 Cladding and Lining Materials. Materials
with metpllic cladding or metallic lining may be used
in accordance with the following provisions:

“(a) If piping components are made from ifitegrally
clad plat¢ conforming to

(1) ASTM A 263, Corrosion-Resisting*Chromium
Steel Clag¢l Plate, Sheet, and Strip

(2) ASTM A 264, Stainless Chromium-Nickel Steel
Clad Plate, Sheet, and Strip

(3) ASTM A 265, Nickel and-Nickel-Base Alloy Clad
Plate, Sheet, and Strip

Then pregsure design(inyaccordance with rules in para.
304 may lpe based upon the total thickness of base metal
and cladding aftexany allowance for corrosion has been
deducted}, previded that both the base metal and the
cladding | etal are acceptable for Code use under para

tested and meets all shear test requrrements of the apph—
cable ASTM specification. The allowable stress for each

54

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 thick-
ness shall never be greater than the allowable stress used
for the base portion.

(b) For all other metallic clad or lined piping compo-
nents, the base metal shall be an acceptable Code mate-
rial as deflned in para 323.1 and the thlckness used in

4stajl not
The
metal

mclude the thlckness of the claddmg or lining
allowable stress used shall be that for the(base
at the design temperature. For such components, the
cladding or lining may be any material that, in the judg-
ment of the user, is suitable for the intended service and
for the method of manufacture“and assembly qf the
piping component.
(c) Except for components*designed in accordance
with provisions of para. 3234.3(a), fluid service require-
ments for materials stated in this Code shall not r¢strict
their use as cladding er lining in pipe or other compo-
nents. Fluid seryice requirements for the outer material
(including those for components and joints) shall gdvern,
except that\emperature limitations of both inner and
outer materials, and of any bond between them,|shall
be considered.
(d)Fabrication by welding of clad or lined piping
components and the inspection and testing of such|com-
ponents shall be done in accordance with applicable
provisions of the BPV Code, Section VIII, Divisjon 1,
UCL-30 through UCL-52, or the provisions of Chapters V
and VI of this Code, whichever are more stringerjt.

323.5 Deterioration of Materials in Service

Selection of material to resist deterioration in s¢rvice
is not within the scope of this Code. See para. 300{c)(6).
Recommendations based on experience are presented
for guidance in Appendix F, para. F323.

325 MATERIALS — MISCELLANEOUS
325.1 Joining and Auxiliary Materials

When selecting materials such as adhesives, cenpents,
solvents, solders, brazing materials, packing| and
O—rmgs for makmg or seahng ]omts the de51gner shall

-the y e 3 nsider-
ation should also be given to the p0551b1e effects of the
joining or auxiliary materials on the fluid handled.)
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Chapter IV
Standards for Piping Components

DIMENSIONS AND RATINGS OF

requirements of applicable standards listed in

326.

37
stan
Tablg

COMPONENTS
| Dimensional Requirements

06.1.1 Listed Piping Components. Dimensional
Hards' for piping components are listed in
326.1. Dimensional requirements contained in

speciffications listed in Appendix A shall also be consid-

ered

37
pone
meet
para,
desct

32

requirements of this Code.

6.1.2 Unlisted Piping Components. Piping com-
nts not listed in Table 326.1 or Appendix A shall
the pressure design requirements described in
302.2.3 and the mechanical strength requirements
ibed in para. 303.

6.1.3 Threads. The dimensions of piping connec-

tion threads not otherwise covered by a governing com-

pone

Tt id
throu
along
are sh

ht standard or specification shall conform to the

not practical to refer to a specific edition of each standard
bhout the Code text. Instead, the approved edition references,
with the names and address of sponsoring organizations,
own in Appendix E.

Table 326.1 or Appendix A.

326.2 Ratings of Components

326.2.1 Listed Components), The j
temperature ratings of componerits listed in Tj
are accepted for pressure desigh in accordg
para. 303.

326.2.2 Unlisted Components. The j
temperature ratings of inlisted piping compor]
conform to the applicable provisions of para.

326.3 Reference Documents

The doguments listed in Table 326.1 contain
to codes, standards, and specifications nof
Table326.1. Such unlisted codes, standards, ar
cations shall be used only in the context of
documents in which they appear.

The design, materials, fabrication, assembly,
tion, inspection, and testing requirements of

ressure-
hble 326.1
nce with

ressure-
ents shall
304.

eferences
listed in
d specifi-
the listed

examina-
this Code

are not applicable to components manufacturedl in accor-

dance with the documents listed in Table 326
specifically stated in this Code, or the listed d

.1, unless
ocument.
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(10) Table 326.1 Component Standards
Standard or Specification Designation
Bolting
Square and Hex Bolts and Screws (INCh SErEs) . . . . v vt ittt et et e e et e et e et e et e ASME B18.2.1
Square and Hex Nuts (INCh Series). . . . v it it i e e e e e e e e et e et e e e e e e e e ASME B18.2.2

Metallic Fittings, Valves, and Flanges

Cast Iron Pipe Flanges and Flanged Fittings . . . . . . . . . L o it e e e e ASME B16.1
Malleable Ifon Threaded FIttiNgs . . . . . v vttt i e e et e et et e et ettt ettt ettt nennas ASME H16.3
Gray Iron Threaded Fittings. . . . . . o ot e e e e e e e e e e e e e ASME_B16.4
Pipe Flanges and Flanged Fittings . . . . . oottt i i it et e e e e e e e e e ASME H16.5
Factory-Made Wrought Steel Buttwelding Fittings . . . . . .. . . i e e e e e ASME B16.9
Face-to-Facg¢ and End-To-End Dimensions of Valves . . . . .. ... . e ASME B16.10
Forged Fittipgs, Socket-Welding and Threaded . . . . . .. .. ... i e e e e e e e e e ASME B16.11
Ferrous Pipp Plugs, Bushings, and Locknuts With Pipe Threads . . . . ... ... . it ittt ASME B16.14
Cast Bronzg Threaded Fittings, Class 125 and 250 [Notes (1), Q)] . . . v« v v i it it it et e e e e e M ASME B16.15
Cast Coppe} Alloy Solder Joint Pressure Fittings . . . ... oot i ittt i it e et e e e AL ASME B16.18
Wrought Capper and Copper Alloy Solder Joint Pressure Fittings . .. ....... .. . . . . a2 ... ASME B16.22
Cast Coppef Alloy Pipe Flanges and Flanged Fittings: Classes 150, 300, 600, 900, 1500, and 2500. . ¢ ot . . . . . . . ASME B16.24
Cast Coppe} Alloy Fittings for Flared Copper Tubes . . ... ... oottt ASME B16.26
Valves-Flanged, Threaded, and Welding End. . . . .. ... ... i ASME B16.34
Orifice Flanges, Class 300, 600, 900, 1500, and 2500. . . . . . oot v i v v e v e SA o i ASME B16.36
Malleable Ifon Threaded Pipe Unions, Class 150, 250, and 300 . ... ... .o it d et e teeeeeenn.. ASME B16.39
Ductile Ironf Pipe Flanges and Flanged Fittings, Class 150 and 300. . . . .. ... ... .o N ittt i i ASME B16.42
Large Diampter Steel Flanges, NPS 26 Through NPS 60 . . . . . . .. . it AN e e et i e e e ASME B16.47
Steel Line Blanks . . . . . oot A ASME B16.48
Bioprocessing Equipment [Note (3)] . .« .« o oo i et L D ASMH BPE
Flanged Stdel Pressure-Relief Valves. . . . . . . .. i s e e e e e APl 526
Check Valvgs: Flanged, Lug, Wafer and Butt-welding . . . . . . . . o e e e e APl 594
Metal Plug Valves—Flanged, Threaded, and Welding Ends. . . . . . .. AN oo i i e e e e APl 599
Bolted Bonpet Steel Gate Valves for Petroleum and Natural Gas Industries . .. ...... ... ... ... ..., API 600
Steel Gate,|Globe, and Check Valves for Sizes DN 100 and Smallecfor the Petroleum and Natural Gas Industries. . . . APl 602
Corrosion-Resistant, Bolted Bonnet Gate Valves — Flanged and'Butt-Welding Ends . . .. ........ .. ... ...... APl 603
Metal Ball Yalves-Flanged, Threaded, and Welding End (. 3% . . . .. . i i e e e e i e e APl 608
Butterfly Vglves: Double-flanged, Lug- and Wafertype < . ... ... ... . APl 609
Ductile-Iron[ and Gray-Iron Fittings, 3 Inch Through 48 Inch (75 mm Through 1200 mm), for Water and Other

Liquids f. oo oo N e AWWA {110
Flanged Duftile-Iron Pipe with Ductile-lron.or\Gray-Iron Threaded Flanges . .. ... ... ... AWWA (115
Steel Pipe Flanges for Waterworks Service, Sizes 4 inch Through 144 inch (100 mm Through 3,600 mm) . ........ AWWA €207
Dimensiong for Fabricated Steel WaterPipe Fittings. . . . . . . oo i i e e AWWA (208
Metal-Seatgd Gate Valves for Water\Supply Service. . . . .. .. o e AWWA {500
Rubber-Seated Butterfly Valves. o . . o o e e e e e e AWWA 504
Standard Fipishes for Contact)Faces of Pipe Flanges and Connecting-End Flanges of Valves and Fittings . . ... ..... MSS|SP-6
Spot Facing for Bronze,drom and Steel Flanges. . . . . . oottt i i e e e e e MSS|SP-9
Standard Marking Systéms for Valves, Fittings, Flanges, and Unions. . . . ... ... .. . .. .. MSS 9P-25
Class 150 (PN 20):€arrosion Resistant Gate, Globe, Angle and Check Valves With Flanged and Butt Weld Ends . . . .. MSS gP-42
Wrought Sthinless Steel Butt-Welding Fittings Including Reference to Other Corrosion Resistant Materials [Note (4)] . . MSS 9P-43
Steel Pipeline Flanges . . . . oot e e e e MSS qP-44
Bypass and Drain CONNECtioNS . . . . . .o it 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 . . . . . ..o i ittt ittt e e e et et et e e MSS SP-70
Gray Iron Swing Check Valves, Flanged and Threaded Ends. . . . . . .. .. . . et e e e MSS SP-71
Ball Valves With Flanged or Buttwelding Ends for General Service . .. ... .. ittt iie e MSS SP-72
Specifications for High Test Wrought Buttwelding Fittings. . . . . . . . . .. . i et e MSS SP-75
Socket-Welding Reducer INSerts . . . . . . ot e e e e e e e MSS SP-79
Bronze Gate, Globe, Angle and Check Valves . . . . . . . it e e e e e e e MSS SP-80
Stainless Steel, Bonnetless, Flanged, Knife Gate Valves . . . . . ... . i i it e et et MSS SP-81
Class 3000 Steel Pipe Unions, Socket-Welding and Threaded . ... ... ... ... ... .. . . ... MSS SP-83
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Table 326.1 Component Standards (Cont‘d) (10)
Standard or Specification Designation
Metallic Fittings, Valves, and Flanges (Cont’d)
Gray Iron Globe and Angle Valves, Flanged and Threaded Ends. . . . . ... .. ... . i, MSS SP-85
Diaphragm TYPe Valves . . . v vttt e e et e e e e e e e e e e e e MSS SP-88
Swage(d) Nipples and BUll PlUZS . . . . . oottt et e e e e e e e e e MSS SP-95
Integrally Reinforced Forged Branch Outlet Fittings — Socket Welding, Threaded, and Buttwelding Ends. . . .. ... ... MSS SP-97
Instrument Valves for Code Applications . . . . . . ..o e MSS SP-105
Cast Capper Alloy Flanges and Flanged Fittings Class 125 150 _and 300 [Note (1)] MSS SP-106
Factorj-Made Wrought Belled End Socket Welding Fittings [Note (5)] . . . . . v it ittt it e e et e e M$S SP-119
Refrigg¢ration Tube Fittings — General Specifications. . . . . . . .. . e SAE J513
Hydralilic Tube Fittings. . . . . . o i e e e e e e e e e e e e e e SAE J514
Hydratlic Flanged Tube, Pipe, and Hose Connections, Four-Bolt Split Flanged Type . . . .. .. ... ... .. .. ... 0% SAE /518
Metallic Pipe and Tubes [Note (6)]
Weldefd and Seamless Wrought Steel Pipe. . .. ... ... . S ASMH B36.10M
Stainlgss Steel Pipe . . . oo e A ASMH B36.19M
Flanggd Ductile-Iron Pipe with Ductile-lIron or Gray-lron Threaded Flanges .. ... ......... ... . ... .. ... AWWA C115
Thickness Design of Ductile-lron Pipe . . . . . .t N AWWA C150
Ductilg-Iron Pipe, Centrifugally Cast, for Water . . . . . .. . . N e e e e e AWWA C151
Steel Water Pipe 6 inches (150 mm) and Larger. . ... ..o v i e in i e AWWA C200
Miscellaneous
Unifiefl Inch Screw Threads (UN and UNR Thread Form) . . .. . ... ittt i S i e et et e ASME B1.1
Pipe Threads, General Purpose (INCh) . . . . . oo oot e S e e ASME B1.20.1
Drysedl Pipe Threads (Inch) . ... ...ttt e ASEaE B1.20.3
Hose foupling Screw Threads (Inch). . . . . . .. .. i A e e ASME B1.20.7
Metalljc Gaskets for Pipe Flanges — Ring: Joint, Spiral Wound, and Ja¢keted . ... ... ... .. ... .. .. .. ... ... ASNIE B16.20
Nonmetallic Flat Gaskets for Pipe Flanges . . . . ........ ... M. e ASNIE B16.21
Buttwelding Ends . . . . o o N e ASNIE B16.25
Surfage Texture (Surface Roughness, Waviness, and Lay) . . ) . . . . . i e e A9ME B46.1
Speciffcation for Threading, Gaging and Thread Inspectionlof Casing, Tubing, and Line Pipe Threads .. .......... API 5B
Rubbdr Gasket Joints for Ductile-Iron Pressure Pipeand Fittings. . . . . . . .. i it it i e e e AWWA C111
Flexible Metal Hose [Notes (1), (7), and (8)]. . . ... ™t o v it e e e e e e BS 6501, Part 1
Pipe Hangers and Supports — Materials, Design, and Manufacture. . . . . ... ... ... ..t \SS SP-58
Brazing Joints for Copper and Copper Alloy-Rressure Fittings. . . . . . ..o ittt ettt e e ISS SP-73
Standgrd for Fire Hose Connections . . s« s/ o oot it i e e NFPA 1963
GENERAL NOTE: It is not practical\to/refer to a specific edition of each standard throughout the Code text. Instead, the apprdved edition
references, along with the names.and addresses of the sponsoring organizations, are shown in Appendix E.
NOTES:
(1) THis standard allows the use of unlisted materials; see para. 323.1.2.
(2) THis standard allows ‘straight pipe threads in sizes < DN 15 (NPS 5); see para. 314.2.1(d).
(3) P4rt DT of ASME'BPE covers dimensions and tolerances for stainless steel automatic welding and hygienic clamp tube fittings and pro-
cess compofients.
(4) Cqutionary Note: See MSS SP-43 (Section 3) for specific pressure—temperature ratings of available thicknesses of Class CR fjttings. The
ratings.for "MSS SP-43 fittings cannot be calculated based on straight seamless pipe such as is done, for example, for ASMH B16.9
byttwelding fittings.

(5) MSTSSP-TT9 includes three classes of fittings: MP, MARINE, and CR. Only the MP class fittings are considered a "Listed Component” for

th

e 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

th

ickness.)

(6) See also Appendix A.
(7) Welding and brazing to be in accordance with paras. 328 and 333, respectively in lieu of the referenced specifications in this
standard.

() Th

is standard contains recommended materials of construction for certain chemical services; the responsibility for the ultimate selec-

tion of material is the responsibility of the Owner and is, therefore, not within the scope of this Code.
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Chapter V
Fabrication, Assembly, and Erection

327 GENERAL

backing rings, are used, their suitability shall be demon-

Metallic piping materials and components are pre-
pared fo1] 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

Weldinlg shall conform to paras. 328.1 through 328.6 in
accordange with applicable requirements of para. 311.2.

328.1 Welding Responsibility

Each employer is responsible for the welding done
by the personnel of his/her organization and, except as
provided|in paras. 328.2.2 and 328.2.3, shall conduct the
tests requiired to qualify welding procedures, and-to
qualify aid as necessary requalify welders and welding
operatorg.

328.2 Welding Qualifications

328.2{1 Qualification Requirements

(a) Quilification of the welding procedures to be used
and of the performancef.welders and welding opera-
tors shall|conform to, the)requirements of the BPV Code,
Section IX except,as.modified herein.

(b) W}ere thebase metal will not withstand the

180 deg gunidédpend required by Section IX, a qualifying
welded specimen is required to undergo the same degree

strated by procedure qualification, except that a.groce-
dure qualified without use of a backing ring i also
qualified for use with a backing ring in a single-wglded
butt joint.

(f) To reduce the number of welding'procedure guali-
fications required, P-Numbers_ or"S-Numbers| and
Group Numbers are assigned;/in the BPV Code} Sec-
tion IX, to groupings of metals generally based on|com-
position, weldability, and.mechanical properties, irjsofar
as practicable. The P-Numbers or S-Numbers for|most
metals are listed for ‘the convenience of the Codd user
in a separate coltumn in Table A-1. See Section IX, QW/
QB-422, for Group Numbers for respective P-Numbers
and S-Numbers. Use of Section IX, QW-420.2, is required
for this Cade.

328.2.2 Procedure Qualification by Others. |Each
employer is responsible for qualifying any welding pro-
cedure that personnel of the organization will use| Sub-
ject to the specific approval of the Inspector, welding
procedures qualified by others may be used, proyided
that the following conditions are met:

(a) The Inspector shall be satisfied that
(1) the proposed welding procedure specifiqation
(WPS) has been prepared, qualified, and executed by a
responsible, recognized organization with expertjse in
the field of welding
(2) the employer has not made any change in the
welding procedure
(b) The base material P-Number is either 1, 3,|4 Gr.
No. 1 (11/4 Cr max.), or 8 and impact testing is not
required.
(c) The base metals to be joined are of the pame
P-Number, except that P-Nos. 1, 3, and 4 Gr. No. 1 may

of bending as the base metal, within 5 deg.

(c) The requirements for preheating in para. 330 and
for heat treatment in para. 331, as well as such require-
ments in the engineering design, shall apply in qualify-
ing welding procedures.

(d) When impact testing is required by the Code or
the engineering design, those requirements shall be met
in qualifying welding procedures.

(e) If consumable inserts [Fig. 328.3.2 sketch (d), (e),
(f), or (g)] or their integrally machined equivalents, or

be welded to each other as permlttecl Dy Section 1X.

(d) The material to be welded is not more than 19 mm
(%4 in.) in thickness. Postweld heat treatment shall not
be required.

(e) The design pressure does not exceed the ASME
B16.5 Class 300 rating for the material at design tempera-
ture; and the design temperature is in the range —29°C
to 399°C (-20°F to 750°F), inclusive.

(f) The welding process is SMAW or GTAW or a com-
bination thereof.
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(g) Welding electrodes for the SMAW process are
selected from the following classifications:

welding electrodes and filler metals used shall produce
weld metal that complies with the following;:

(1) 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

AWS A5.1' AWS A5.4! AWS A55'
E6010 E308-15, -16 E7010-A1
E6011 E308L-15, -16 E7018-A1
E7015 E309-15, -16 E8016-B1
E7016 E310-15, -16 E8018-B1
E7018 E-16-8-2-15, -16 E8015-B2L

E316-15, -16 E8016-B2
E3T6-15,~=16 E8618-B:
E347-15, -16 E8018-B2L
(h)| By signature, the employer accepts responsibility
for bpth the WPS and the procedure qualification record

(PQR).

(i) | The employer has at least one currently employed

welder or welding operator who, while in his/her
employ, has satisfactorily passed a performance qualifi-
catiop test using the procedure and the P-Number mate-
rial gpecified in the WPS. The performance bend test
required by Section IX, QW-302 shall be used for this
purppse. Qualification by radiography is not acceptable.

3028.2.3 Performance Qualification by Others. To
avoid duplication of effort, an employer may accept a
perfdrmance qualification made for another employer,
provfided that the Inspector specifically approves.
Acceptance is limited to qualification on piping using
the shme or equivalent procedure wherein the essential
varigbles are within the limits in Section IX. The
employer shall obtain a copy from the previous
employer of the performance qualification test, record,
showjing the name of the employer, name of. the-welder
or welding operator, procedure identification, date of
succgssful qualification, and the date that the individual
last ysed the procedure on pressurespiping.

328.2.4 Qualification Records: “The employer shall
maingtain a self-certified record, available to the owner
(and [the owner’s agent) and the Inspector, of the proce-
durep used and the welders and welding operators
employed, showing the'date and results of procedure
and performance qualifications, and the identification
symBol assignedito/each welder and welding operator.

328.3 Welding Materials
328.3.1 Electrodes and Filler Metal. Welding elec-

trodds_and filler metal inr]11ding caonsumable inserts

major alloying elements of the base metal (e.g), 2% Cr,
1% Mo steels should be joined using 2%;%-Cr, 1% Mo
filler metals).

(c) If base metals of different chemical anplysis are
being joined, the nominal chemical analysis of the weld
metal shall be similar to either-base metal or ar interme-
diate composition, except as specified below for austen-
itic steels joined to ferritig steels.

(d) When austeniticsteels are joined to ferr,
the weld metal shall”have a predominantly
microstructure.

(e) For nonferrous metals, the weld metal shill be that
recommended by the manufacturer of the npnferrous
base metal or by industry associations for that metal.

tic steels,
hustenitic

328:3.2 Weld Backing Material. When backing rings
aresed, they shall conform to the following

(a) Ferrous Metal Backing Rings. These shall be of
weldable quality. Sulfur content shall not exceed 0.05%.

(b) If two abutting surfaces are to be welded to a third
member used as a backing ring and one or two of the
three members are ferritic and the other member or
members are austenitic, the satisfactory use of such
materials shall be demonstrated by welding procedure
qualified as required by para. 328.2.

Backing rings may be of the continuous machined or
split-band type. Some commonly used types dre shown
in Fig. 328.3.2.

(c) Nonferrous and Nonmetallic Backing Ringsl Backing
rings of nonferrous or nonmetallic material majy be used,
provided the designer approves their use and |the weld-
ing procedure using them is qualified as required by
para. 328.2.

328.3.3 Consumable Inserts. Consumable inserts
may be used, provided they are of the sam¢ nominal
composition as the filler metal, will not cause gletrimen-

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 Designer,

1 AWS A5.1, Carbon Steel Electrodes for Shielded Metal Arc
Welding; AWS A5.4, Stainless Steel Electrodes for Shielded Metal
Arc Welding; and AWS A5.5, Low Alloy Steel Covered Arc Welding
Electrodes.

59

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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Fig. 328.3.2 Typical Backing Rings and Consumable Inserts

5 mm
>
tm ” {c) Nonmetaliic Removable
Backing Ring (Refractory)
} el MM
3 mm tg 5 mm 74 in)
(g in] to 3¢5 in.)

a) Butt Joint With Bored Pipe Ends

and Solid or Split Backing Ring [Note {1)]

5 mm
(316 in.}

A A

Ztn
15 S
3 mn:ta 5m I‘ 19 mm
m 3, in.
(Vg in| to 35 in.) g in)
(b} Butt Joint With Taper-Bored Ends

nd Solid Backing Ring [Note {1)]

NOTE:
(1) Refer tq

328.4
(a) Ge
(1) Hnd preparation is acceptable only if thesurface
is reasonpbly smooth and true, and slag from oxygen
or arc cufting is cleaned from thermally~cut surfaces.
Discolordtion remaining on a thernfally” cut surface is
not consifered detrimental oxidation.
(2) Hnd preparation for gfoove welds specified in
ASME B]6.25, or any other‘which meets the WPS, is
acceptable. [For conveniefice, the basic bevel angles of

2 End Preparation
eral

ASME B16.25 for detailed dimensional information on weldingends.

-
@ {d) Square Ring or Round
Wire' Type
Z
4 {e) Filat Rectangular Ring
Typical
Consumable
Inserts

(f) Formed Ring Type

7
L. ¥

(g) Y-Type

sited
ment
ating

(4) Where necessary, weld metal may be depq
inside or outside of the component to permit align
or provide for machining to ensure satisfactory se
of rings or inserts.

(5) When a girth or miter groove weld joins compo-
nents of unequal wall thickness and one is more| than
1% times the thickness of the other, end preparatioh and
geometry shall be in accordance with acceptable dgsigns
for unequal wall thickness in ASME B16.25.

(6) Buttweld fittings manufactured in accordlance

butt-

total
parts

ASME B16.25 and somé¢additional J-bevel angles are with ASME B16.9 may be trimmed to produce an angular
shown in| Fig. 328.4.2.5Ketches (a) and (b).] joint offset in their connections to pipe or to other
(b) Cirgumferegfial Welds weld fittings without being subject to design qualifica-
(1) Tf coniponent ends are trimmed as shown in tions in accordance with para. 304.7.2 provided thg
Fig. 328.3 2:sketch (a) or (b) to fit backing rings or con- ~ angular offset produced between the two jointed
sumable bsertsoras~hown-inFar 328 3 shketeh L) does not exceed 3 deg.

or (b) to correct internal misalignment, such trimming
shall not reduce the finished wall thickness below the
required minimum wall thickness, ¢,,.

(2) Component ends may be bored to allow for a
completely recessed backing ring, provided the
remaining net thickness of the finished ends is not less
than t,,.

(3) It is permissible to size pipe ends of the same
nominal size to improve alignment if wall thickness
requirements are maintained.
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328.4.3 Alignment
(a) Circumferential Welds
(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
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Fig. 328.4.2 Typical Butt Weld End Preparation

20 deg =27, deg

5 mm {
{%he in.}

4

37" deg 27, deg -

<22 mm

{7fg in.) j
FEN

wy

listed in Table A-1 or Table 326.1) shall conform to the
requirements of para. 328.4.3(a).
(c) Branch Connection Welds

(1) Branch connections which abut the outside sur-
face of the run pipe shall be contoured for groove welds
which meet the WPS requirements [see Fig. 328.4.4
sketches (a) and (b)].

(2) Branch connections which are inserted through
a run opening shall be inserted at least as far as the

“15mm=08mm
(1/16 in. = 1/32 in.)

(a) Wall Thickness 6 mm to 22 mm,
Inclusive {3/ in. to /g in.}

20 deg + 27, deg
10 deg +27, deg

37 /5 deg
1
>22jmm +2 /é deg
(7/8 in.) mm
3
19 mm {he in. )
(3/4 ln)

5 mm = 0.8 mm
(Vg in. = V3pin)

{b} Wall Thickness Over 22 mm (/g in.)

Fig. B28.4.3 Trimming and Permitted Misalignment

|
Im

| 4
r

I\

Permitted S
misalignment.
See WPS.

* 30 deg max.

{a) Thicker Pipe Taper-Bored to Align

inside surface of the run pipe at all points [see Ijg. 328.4.4
sketch (c)] and shall otherwise conferm|to para.
328.4.3(c)(1).
(3) Run openings for branch cennettiong shall not
deviate from the required contour.more than the dimen-
sion m in Fig. 328.4.4. In no cage-shall deviatipns of the
shape of the opening cause thé root spacing|tolerance
limits in the WPS to be exCeeded. Weld metql may be
added and refinished,if trecessary for compliance.
(d) Spacing. The toot opening of the join{ shall be
within the tolerange limits in the WPS.

328.5 Welding Requirements

328.5:¢ General

(a). Welds, including addition of weld metallfor align-
ment\paras. 328.4.2(b)(4) and 328.4.3(c)(3)], shall be
made in accordance with a qualified procedufe and by
qualified welders or welding operators.

(b) Each qualified welder and welding ope
be assigned an identification symbol. Unless
specified in the engineering design, each pres
taining weld or adjacent area shall be marked
identification symbol of the welder or welding
In lieu of marking the weld, appropriate rec
be filed.

(c) Tack welds at the root of the joint shall be made
with filler metal equivalent to that used in the froot pass.
Tack welds shall be made by a qualified weldef or weld-
ing operator. Tack welds shall be fused with the root
pass weld, except that those which have cra¢ked shall

ator shall
btherwise
sure con-
with the
operator.
rds shall

be removed. Bridge tacks (above the weld) shall be
removed.
(d) Peening is prohibited on the root pass|and final

pass of a weld.

(e) No welding shall be done if there is imgingement
on the weld area of rain, snow, sleet, or excesdive wind,
or if the weld area is frosted or wet.

] 1

Ztm

-4

Permitted
misalignment. ROU"d\ 204
See WPS, corner eg

{b) Thicker Pipe Bored for Alignment
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(f) Welding End Valves. The welding sequence and
procedure and any heat treatment for a welding end
valve shall be such as to preserve the seat tightness of
the valve.

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 as shown
in Fig. 328.5.2A.

(a) Typical weld details for slip-on and socket welding
flanges are shown in Fig. 328.5.2B; minimum welding
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Fig. 328.4.4 Preparation for Branch Connections

% |

N
N

20 mm {in.)

]

T~ &

Wﬁm |

Size Od Surface of

weld

Surface of perpendicular member
~ Convex fillet weld  Sjze of

{a) |

g = root gap per welding specification
m = the lesser of 3.2 mm (Vg in.) or 0.5 T,

Fig. 328.5.2A Fillet Weld Size

weld

horizontal member

Theoretical throat

Equal Leg Fillet Wald

Concave
fillet weld

GENERAL NPTE: The size of an equal leg fillet weld is the lgg

length of tHe largest inscribed isosceles right triangle (theoretical

throat = 0[707 X size).

Fig. 328.5.2B .Typical Details for Double-Welded Slip-On and Socket Welding Flange Attachment Weld

4,

=

(b)

*(

D

(c)

Surface of perpendicular member

Convex fillet weld Concave

Surface of fillet welid

horizontal member

Theoretical throat

Unequal Leg Fillet Weld

GENERAL NOTE: The size of unequal leg fillet weld is the
lengths of the largest right triangle which can be inscribed
within the weld cross section [e.g., 13 mm x 19 mm (Afi

x %, in)l.

n

Y 77) 77

——

The lesser of 7 or 6 mm {Vy in.)

(1) Front and Back Welds

{2) Face and Back Welds

—-I Xmmin. 2 —j‘rj_xmin.

*min.

15 mm{'sin.)

approx. gap

before welding

(3) Socket Welding Flange

X.... = the lesser of 1.4T or the thickness of the hub
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Fig. 328.5.2C Minimum Welding Dimensions for Socket Welding Components Other Than Flanges

>

-
-

C, %

T, = nominal pipe wall thickness

C,(min.) = 1.09 T,, or the thickness

of the socket wall,

a1
A

NN

A

(a) Without Added
Reinforcement

dimensions for other sgeket welding components are
shown in Fig. 328.52C 0or MSS SP-119.

(b) If slip-on flanges are single welded, the weld shall
be at| the hub,

328.5.3..Seal Welds. Seal welding shall be done by

threalds

TR - I
WITICTIEVET 1S5 STTIalicT

Approximately 1.5 mm (1/16 in.) gap
before welding

Socket wall thickness

Figs. 328.5.4A, B, C Typical Welded Branch Connections

{b} With Added
Reinforcement

{c) Angular Branch Without
Added Reinforcement

conform to the requirements herein. Welds shgll be cal-
culated in accordance with para. 304.3.3, but shall be
not less than the sizes shown in Fig. 328.5.40).

(c) The nomenclature and symbols used herein and
in Fig. 328.54D are

a quglified) welder. Seal welds shall cover all exposed %b - Egzgz} :ﬁiiiﬁ:g gi Ezzréi};
h =
T = Tominat thickness of Teinforcing paa or saddle
328.5.4 Welded Branch Connections t. = lesser of 0.7T, or 6 mm (% in.)
(a) Figures 328.5.4A through 328.5.4E show accept- tmin = lesser of T, or T,

able details of branch connections with and without
added reinforcement, in which the branch pipe is con-
nected directly to the run pipe. The illustrations 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

63

(d) Branch connections, including branch connection
fittings (see paras. 300.2 and 304.3.2), which abut the
outside of the run or which are inserted in an opening
in the run shall be attached by fully penetrated groove
welds. The welds shall be finished with cover fillet welds
having a throat dimension not less than t.. See
Fig. 328.5.4D sketches (1) and (2).

(10
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Fig. 328.5.4D Acceptable Details for Branch Attachment Welds

Yy l

TR \\\\\\\

/'

(1}

N

\\\\\\\\\ \

(4)

GENERAL NPTE:

{1) Contour OQutlet_Fitting

(e) A rpinforcing pad or $addle shall be attached to
the brandh pipe by eithér
(1) & fully penetrated groove weld finished with a
cover fillgt weld having a throat dimension not less than
t., or
(2) 4filletyveld having a throat dimension not less
than 0.7t }inSee Fig. 328.5.4D sketch (5)

(f) The outer edge of a reinforcing pad or saddle shall
be attached to the run pipe by a fillet weld having a
throat dimension not less than 0.5T,. See Fig. 328.5.4D
sketches (3), (4), and (5).

(g) Reinforcing pads and saddles shall have a good
fit with the parts to which they are attached. A vent
hole shall be provided at the side (not at the crotch) of
© any pad or saddle to reveal leakage in the weld between
“branch and run and to allow venting during welding

and heat treatment. A pad or saddle may be made in
“more than one piece if joints between pieces have

(2}

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

64

(3)

(5)

{2) Extruded Header Outlet

strength equivalent to pad or saddle parent meta
if each piece has a vent hole.

(h) Examination and any necessary repairs g
completed weld between branch and run shall be
before adding a pad or saddle.

328.5.5 Fabricated Laps. Figure 328.5.5 shows

, and

f the
made

typi-
ance
with the applicable requirements of para. 328.5.4.

328.5.6 Welding for Severe Cyclic Conditions. A
welding procedure shall be employed which provides
a smooth, regular, fully penetrated inner surface.

328.6 Weld Repair

A weld defect to be repaired shall be removed to
sound metal. Repair welds shall be made using a weld-
ing procedure qualified in accordance with para. 328.2.1,
recognizing that the cavity to be repaired may differ in
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Fig. 328.5.5 Typical Fabricated Laps

‘l.___ _L ‘l.___ _i_ T___

P

I . e
] T W’L ¥

4

>/ To=>T i% To=>T ‘%; To>T I T,>T Radius
07 (T—c) 0.7(T—c) 0.7 gT~c)f l
i { |
| 7 : v ,\i* |
<, ML ML L M
(a) (b) (e} (d) (e)

GENER
flange|
lap jo

contg
weld|

qualih(
and

weld|

330

330.

Prg
mize

sity f
be sp
by p
omn]
inclu
threal

37

nt flanges.

Ing. See also para. 341.3.3.

PREHEATING

I General

ded joints.

$0.1.1 Requirements and Recommendations.

heating is used, along with heat treatment, to mini-
the detrimental effects of high temperature-and
sevele thermal gradients inherent in welding, Theneces-
br preheating and the temperature to’bevused shall
ecified in the engineering design and démonstrated
ocedure qualification. The requirements and rec-
endations herein apply to.all)types of welding
ding tack welds, repair welds, and seal welds of

ur and dimensions from the original joint. Repair
5 shall be made by welders or welding operators
ied in accordance with para. 328.2.1. Preheating
eat treatment shall be as required for the original

Required and recomniended minimum preheat temper-

ature
Tablg
(32°H

s for materials,6f various P-Numbers are given in
330.1.1. If ‘the’ambient temperature is below 0°C
, the récommendations in Table 330.1.1 become

requirements."The thickness intended in Table 330.1.1 is

that

pf thie/thicker component measured at the joint.

AL NOTE: Laps shall be machined (front and back) or trued after welding. Plate flanges in accordance-with para. 304.5|or lap joint
£ in accordance with ASME B16.5 may be used. Welds may be machined to radius, as in sketch (e), if srecessary to match ASME B16.5

discharge method«of welding without weldihg proce-
dure and performance qualifications. After thermocou-
ples are remoyed, the areas shall be visually pxamined
for evidefice*of defects to be repaired.

330.1.4 Preheat Zone. The preheat zpne shall
extend at least 25 mm (1 in.) beyond each edge of the
weld.

330.2 Specific Requirements

330.2.3 Dissimilar Materials. When matdrials hav-
ing different preheat requirements are welded together,

it is recommended that the higher temperatuyre shown
in Table 330.1.1 be used.

330.2.4 Interrupted Welding. If welding is inter-
rupted, the rate of cooling shall be controlled or other
means shall be used to prevent detrimental |effects in
the piping. The preheat specified in the WP$ shall be
applied before welding is resumed.

331 HEAT TREATMENT

Heat treatment is used to avert or relieve the fletrimen-
tal effects of high temperature and severe tempperature
gradients inherent in welding, and to reliev¢ residual
stresses created by bending and forming. Proyisions in
para. 331 are basic practices which are suitabl¢ for most

3

for an unlisted material shall be specified in the WPS.

0.1.2 Unlisted Materials. Preheat requirements

330.1.3 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-
ture specified in the WPS is obtained prior to and
maintained during welding.
(b) Thermocouples may be temporarily attached
directly to pressure containing parts using the capacitor

65

1] 1 Js Jd £ - dos 1
wWerag, oenamg; anca rormmgoperations; o t not nec-

essarily appropriate for all service conditions.

331.1 General

331.1.1 Heat Treatment Requirements

(1) Heat treatment shall be in accordance with the
material groupings and thickness ranges in Table 331.1.1
except as provided in paras. 331.2.1 and 331.2.2.

(b) Heat treatment to be used after production weld-
ing shall be specified in the WPS and shall be used in
qualifying the welding procedure.
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(10) Table 330.1.1 Preheat Temperatures
Base Specified Min
Metal Weld Metal : i
P-No. or Aalicic Nominal Wall Tensile Strength, Min. Temperature
S-No. " A-No. Thickness Base Metal Required Recommended
[Note (1)] [Note (2)] Base Metal Group mm in. MPa ksi °C °F °C °F
1 1 Carbon steel <25 <1 < 490 <71 10 50
> 25 >1 All All 79 175
All All > 490 >71 79 175
3 2,11 Alloy steels, <13 <Y < 490 <71 10 50
Cr< %% >13 > All All 79 175
All All > 490 >71 79 175
4 3 Alloy steels, All All All All 149 300
Yo% < Cr < 2%
5A, 5B, 4,5 Alloy steels, All All All All 177 350
5C 2Y,% < Cr < 10%
6 6 High alloy steels All All All All 149%  |300*
martensitic
7 7 High alloy steels All All Alt All 10 50
ferritic
8 8,9 High alloy steels All All All All 10 50
austenitic
9A, 9B 10 Nickel alloy steels All All All All 93 200
10 Cr—Cu steel All All All All 149-204 300-400
10l 27Cr steel All All All All 1493 300°
11ASG 1 8Ni, 9Nj steel All All All All 10 50
11A SG 2 5Ni)steel All All All All 10 50
15E 5 Alloy steels All All All All 204 400
9Cr-1Mo-V
21-52 All All All All 10 50
NOTES:

(1) P-Number or S-Number from BPV Code, Section IX, QW/QB-422.

(2) A-Number from Section IX, QW-442.
(3) Maintain interpass temperature between 177°C-232°C (350°F-450°F).
(4) Maximum interpass temperature 316°C (600°F).

66
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(c) The engineering design shall specify the examina-
tion and/or other production quality control (not less
than the requirements of this Code) to ensure that the
final welds are of adequate quality.

(d) Heat treatment for bending and forming shall be
in accordance with para. 332.4.

(e) SeeTable 302.3.5 for special heat treatment require-
ments for longitudinal or spiral welds in Elevated
Temperature Fluid Service.

(3) not required for ferritic materials when welds
are made with filler metal which does not air harden.
Austenitic welding materials may be used for welds to
ferritic materials when the effects of service conditions,
such as differential thermal expansion due to elevated
temperature, or corrosion, will not adversely affect the
weldment.

331.1.4 Heating and Cooling. The heating method
shall provide the required metal temperature, metal tem-

331.1.3 Governing Thickness. When components

are jpined 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:
(a)| In the case of branch connections, metal (other
‘than [weld metal) added as reinforcement, whether an
‘integpral part of a branch fitting or attached as a reinforc-
‘ing ppd or saddle, shall not be considered in determining
‘heat freatment requirements. Heat treatment is required,
howgver, when the thickness through the weld in any
plang through the branch is greater than twice the mini-
muny material thickness requiring heat treatment, even
though the thickness of the components at the joint is
less than the minimum thickness. Thickness through the
weld| for the details shown in Fig. 328.5.4D shall be
computed using the following formulas:

sketch (1) = T, + t.
sketch (2) = T, + .
sketch (3) = greater of Ty + teor T, +t
sketch (4) = T, + T, + L
sketch (5) = Tt

(b)| In the case of fillet wélds"at slip-on and socket
weldfng flanges and piping.connections DN 50 (NPS 2)
and gmaller, for seal welding of threaded joints in piping
DN 30 and smaller, and for attachment of external non-
presdqure parts suchyas lugs or other pipe supporting
elements in allzpipe sizes, heat treatment is required
when the thickness through the weld in any plane is
more than twice the minimum material thickness requir-
ing heat.tfeatment (even though the thickness of the

perature uniformity, and temperature control{ and may
include an enclosed furnace, local flame heatirlg, electric
resistance, electric induction, or exofhermic|chemical
reaction. The cooling method shall provide th¢ required
or desired cooling rate and may-include cogling in a
furnace, in air, by application.of local heat or ipsulation,
or by other suitable means.,

331.1.6 Temperature; Verification. Heat [freatment
temperature shall be.checked by thermocoupl¢ pyrome-
ters or other suitable methods to ensure thafl the WPS
requirements are met. See para. 330.1.3(b) for aftachment
of thermocetiples by the capacitor discharge method of
welding.

331.1.7 Hardness Tests. Hardness tests gf produc-
tion welds and of hot bent and hot formed giping are
iftended to verify satisfactory heat treatment. [The hard-
ness limit applies to the weld and to the hedt affected
zone (HAZ) tested as close as practicable to the edge of
the weld.

(a) Where a hardness limit is specified in Tabjle 331.1.1,
at least 10% of welds, hot bends, and hot formegd compo-
nents in each furnace heat treated batch and 100% of
those locally heat treated shall be tested.

(b) When dissimilar metals are joined by|welding,
the hardness limits specified for the base and welding
materials in Table 331.1.1 shall be met for eac material.

331.2 Specific Requirements

Where warranted by experience or knowledge 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 pargs. 331.2.1
and 331.2.2.

331.2.1 Alternative Heat Treatment. Nojmalizing,
or normalizing and tempering, or annealing may be

comportentsatthejointtstesstharmr that it thick=
ness) except as follows:

(1) not required for P-No. 1 materials when weld
throat thickness is 16 mm (% in.) or less, regardless of
base metal thickness.

(2) not required for P-No. 3, 4, 5, or 10A materials
when weld throat thickness is 13 mm (% in.) or less,
regardless of base metal thickness, provided that not
less than the recommended preheat is applied, and the
specified minimum tensile strength of the base metal is
less than 490 MPa (71 ksi).
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applied in lieu of the required heat treatment after weld-
ing, bending, or forming, provided that the mechanical
properties of any affected weld and base metal meet
specification requirements after such treatment and that
the substitution is approved by the designer.

331.2.2 Exceptions to Basic Requirements. As indi-
cated in para. 331, the basic practices therein may 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
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treatment and hardness limitations for lesser thickness,
or may specify less stringent heat treatment and hard-
ness requirements, including none.

When provisions less stringent than those in para.
331 are specified, the designer must demonstrate 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, probability of

332.2 Bending

332.2.1 Bend Flattening. Flattening of a bend, the
difference between maximum and minimum diameters
at any cross section, shall not exceed 8% of nominal
outside diameter for internal pressure and 3% for exter-
nal pressure. Removal of metal shall not be used to
achieve these requirements.

332.2.2 Bending Temperature

brittle failltite, and other pertinent tactors. Im addition, —(w—Cold berding of ferritic materiats stratt-bedy pertinent tactors. In addition, I e at

appropriate tests shall be conducted, including WPS
qualificatfion tests.

331.2{3 Dissimilar Materials

(a) Heqt treatment of welded joints between dissimi-
lar ferritit metals or between ferritic metals using dis-
similar fqrritic filler metal shall be at the higher of the
temperatfire ranges in Table 331.1.1 for the materials in
the joint.

(b) Heat treatment of welded joints including both
ferritic arjd austenitic components and filler metals shall
be as reqyired for the ferritic material or materials unless
otherwis¢ 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 pe controlled or other means shall be used to
prevent detrimental effects in the piping.

331.2.5 Partial Heat Treatment. When an entire pip-
ing asser:Lbly to be heat treated cannot be fitted into the
furnace, it is permissible to heat treat in more than‘one
heat, proyided there is at least 300 mm (1 ft)-overlap
between $uccessive heats, and that parts of the assembly
.outside thje furnace are protected from harmful tempera-
“ture gradjients.

331.2.6 Local Heat Treatment. ~When heat treatment
-is applied locally, a circumferential Band of the run pipe,
‘and of th¢ branch where applicable, shall be heated until
‘the specified temperaturesrange exists over the entire
“pipe sectjon(s), gradually diminishing beyond a band
‘which infludes the Weldment or the bent or formed
section gnd at l€ast 25 mm (1 in.) beyond the ends
thereof.

a temperature below the transformation range:

(b) Hot bending shall be done at a temperature gbove
the transformation range and in any case within a tem-
perature range consistent with the material angd the
intended service.

332.2.3 Corrugated and Other Bends. Dimensions
and configuration shall confornt'to the design qualified
in accordance with para. 806:2.2.

332.3 Forming

The temperaturerange for forming shall be consfstent
with material;intended service, and specified| heat
treatment.

332.4 Required Heat Treatment

Heattreatment shall be performed in accordancg with
pata. 331.1.1 when required 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 10A materials in all thicknesses. Durdtions
and temperatures shall be in accordance with parq. 331.

332.4.2 ColdBending and Forming. After cold bend-
ing and forming, heat treatment is required (for all thick-
nesses, and with temperature and duration as given in
Table 331.1.1) when any of the following conditions|exist:

(a) for P-Nos. 1 through 6 materials, where the pnaxi-
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

332 BENDING AND FORMING

332.1 General

Pipe may be bent and components may be formed by
any hot or cold method which is suitable for the material,
the fluid service, and the severity of the bending or
forming process. The finished surface shall be free of
cracks and substantially free from buckling. Thickness
after bending or forming shall be not less than that
required by the design.

(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.

333 BRAZING AND SOLDERING
333.1 Qualification

333.1.1 Brazing Qualification. The qualification of
brazing procedures, brazers, and brazing operators shall
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be in accordance with the requirements of the BPV Code,
Section IX, Part QB. For Category D Fluid Service at
design temperature not over 93°C (200°F), such qualifi-
cation is at the owner’s option.

333.2 Brazing and Soldering Materials

333.2.1 Filler Metal. The brazing alloy or solder
shall melt and flow freely within the specified or desired
temperature range and, in conjunction with a suitable

(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
(¢ 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.

flux fr controlled atmosphere, shall wet and adhere to
the sprfaces to be joined.

383.2.2 Flux. A flux that is fluid and chemically
activp at brazing or soldering temperature shall be used
when) necessary to eliminate oxidation of the filler metal
and the surfaces to be joined, and to promote free flow
of brpzing alloy or solder.

333.

333.3.1 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
chenical or mechanical cleaning method shall be used
if negessary to provide a clean wettable surface.

B Preparation

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.

333.4 Requirements

333.4.1 Soldering Procedure. Solderers shallfollow
the grocedure in the Copper Tube Handbeok of the
Copper Development Association.

333.4.2 Heating. To minimize-Oxidation, the joint
shall[be brought to brazing or soldering temperature in
as shprt a time as possible withotit'localized underheat-
ing gr overheating.

383.4.3 Flux Removal.
removed if detrimental:

Residual flux shall be

(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 which’would prev¢nt gasket
seating shall be repaired, or the’flange shall be|replaced.

335.2.2 Bolting Torque

(a) In assemblingiflanged joints, the gasket shall be
uniformly compréssed to the proper design lpading.

(b) Special care’shall be used in assemblinig flanged
joints in which the flanges have widely differing
mechanical properties. Tightening to a pred¢termined
torque.is\recommended.

335.2.3 Bolt Length. Bolts should ext¢nd com-
pletely through their nuts. Any which fail to|do so are
considered acceptably engaged if the lack of[complete
engagement is not more than one thread.

335.2.4 Gaskets. No more than one gasket shall be
used between 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 unfavorably
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 which leaks
during leak testing may be seal welded in ag¢cordance
removed

Typilcal joints
ace other

335 | ASSEMBLY AND ERECTION with para. 328.5.3, provided all compound is|
335.1 Alignment from exposed threads.

(a)| Riping Distortions. Any distortion of piping to _3353‘3 Straight Thrgaded ]9"“55'
bring-itirtoatignmrentfor jointassembly which intro= Ll strathi Acads adlhseallngal o

duces a detrimental strain in equipment or piping com-
ponents is prohibited.

(b) Cold Spring. Before assembling any joints to be
cold sprung, guides, supports, and anchors shall be
examined for errors which might interfere with desired
movement or lead to undesired movement. The gap or
overlap of piping prior to assembly shall be checked
against the drawing and corrected if necessary. Heating
shall not be used to help in closing the gap because it
defeats the purpose of cold springing.
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than the threads, are shown in Fig. 335.3.3 sketches (a),
(b), and (c). Care shall be taken to avoid distorting the
seat when incorporating such joints into piping assem-
blies 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 imperfections before
assembly and any flare having imperfections shall be
rejected.

(10
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Fig. 335.3.3 Typical Threaded Joints Using Straight Threads

——

2

22

Gasket

N\ F
AN :

Gasket

Threads are ASME B1.1 straight threads.

(a) {b) {c)

335.4{2 Flareless and Compression Tubing Joints. in accordance with the manufacturer’s instructiofs, as
Where the manufacturer’s instructions call for a speci- ~ modified by the engineering design. Care shall be faken
fied numper of turns of the nut, these shall be counted  to ensure adequate engagement of joint members

from the [point at which the nut becomes finger tight. 335.6.2 Patked Joints. Where a packed joint ig used

335.5 Caulked Joints to absorb.thermal expansion, proper clearance shpll be
J P prop
Caulked joints shall be installed and assembled in providesl at the bottom of the socket to permi} this
movement.

accordance with the manufacturer’s instructions, as
modified|by the engineering design. Care shall be taken

to ensurel adequate engagement of joint members. 335.9 Cleaning of Piping

See Appendix F, para. F335.9.
335.6 EXpanded Joints and Special Joints

335.6.1 General. Expanded joints and specialjoints 335.10 Identification of Piping
(as defingd in para. 318) shall be installed and ass¢mbled See Appendix F, para. F335.10.

72
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Chapter Vi
Inspection, Examination, and Testing

340 INSPECTION

(c) In delegating performance of inspection, the own-

340.1 General

This Code distinguishes between examination (see
para|341) and inspection. Inspection applies to functions
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 is 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.

The owner’s Inspector and the Inspector’s delegates
shall|have access to any place where work congérned
with|the piping installation is being performéd. This
inclydes manufacture, fabrication, heat\treatment,
asserhbly, erection, examination, and testing of the pip-
ing. They shall have the right to auditany examination,
to inppect the piping using any examination method
spec{ed by the engineering design; and to review all

B Rights of the Owner’s Inspector

certifiications and records negessary to satisfy the own-
er’s fesponsibility stated ig para. 340.2.

340.

(a)] The owner’s Tnspector shall be designated by the
owngr and shall-be the owner, an employee of the owner,
an employeeof an engineering or scientific organization,
or of a recognized insurance or inspection company
actinp as.the owner’s agent. The owner’s Inspector shall

i Qualifications«of the Owner’s Inspector

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 toguality control functions per-
formed by the manufacturer (for componefts 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 manufactureyr, the fab-
ricator, or the erector of the responsibility fox

(@) 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 examinafions and
tests for the Inspector’s use

341.3 Examination Requirements

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 requir¢d by the
engineering design, and the acceptance crit¢ria 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 tes{ required
by para. 345.

(a) For P-Nos. 3, 4, and 5 materials, examingtion shall
be performed after completion of any heat trpatment.

(b) For a welded branch connection the exgmination
of and anv necessary TF‘PQiT‘Q to the PT‘PQQ'I'IT‘P e ntalning

not répresentnorbeanemployeeof thepiping manufae
turer, fabricator, or erector unless the owner is also the
manufacturer, fabricator, or erector.

(b) The owner’s Inspector shall have not less than 10 y
experience in the design, fabrication, or inspection of
industrial pressure piping. Each 20% of satisfactorily
completed work toward an engineering degree recog-
nized by the Accreditation Board for Engineering and
Technology (Three Park Avenue, New York, NY 10016)
shall be considered equivalent to 1 y of experience, up
to 5y total.
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weld shall be completed before any reinforcing pad or
saddle is added.

341.3.2 Acceptance Criteria. Acceptance criteria
shall be as stated in the engineering design and shall at
least meet the applicable requirements stated below, in
para. 344.6.2 for ultrasonic examination of welds, and
elsewhere in the Code.

(a) Table 341.3.2 states acceptance criteria (limits on
imperfections) for welds. See Fig. 341.3.2 for typical weld
imperfections.
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Fig. 341.3.2 Typical Weld Imperfections

INNNS AN

ANNANEAN
N

Lack of fusion between weld bead and base metal

(a) Side Wall Lack of Fusion

x\m/ N

Incomplete filling at root on one side only

(c) Incomplete Penetration due to Internal
Misalignment

Root bead fused to bath inside surfaces but
center of root siightly below inside
surface of pipe{not'incomplete penetration)

(e) Concave Root Surface (Suck-Up)

) N N N\ 8 N N N

(b) Lack of Fusion Between
Adjacent Passes

AN

Incomplete filling at root

/ |

{d) Incomplete Penetration
of Weld Groove

External undercut

—

N

/

Internal undercut

{f}) Undercut

{g) Excess External Reinforcement

77


https://asmenormdoc.com/api2/?name=ASME B31.3 2010.pdf

ASME B31.3-2010

(b) Acceptance criteria for castings are specified in
para. 302.3.3.

341.3.3 Defective Components and Workmanship.
An examined item with one or more defects (imperfec-
tions of a type or magnitude exceeding the acceptance
criteria of this Code) shall be repaired or replaced; and
the new work shall be reexamined by the same methods,
to the same extent, and by the same acceptance criteria

(a) Visual Examination. At least the following shall be
examined in accordance with para. 344.2:

(1) sufficient materials and components, selected at
random, to satisfy the examiner that they conform to
specifications and are free from defects.

(2) atleast 5% of fabrication. For welds, each weld-
er’s and welding operator’s work shall be represented.

(3) 100% of fabrication for longitudinal welds,
except those in components made in accordance with a

as required for the original work

341.3l4 Progressive Sampling for Examination.
When required spot or random examination reveals a
defect, thien

(a) twp additional samples of the same kind (if
welded ar bonded joints, by the same welder, bonder,
or operatpr) shall be given the same type of examination

(b) if the items examined as required by (a) above
are accepjtable, the defective item shall be repaired or
replaced jand reexamined as specified in para. 341.3.3,
and all items represented by these two additional sam-
ples shall be accepted, but

(c) if apy of the items examined as required by (a)
above reyeals a defect, two further samples of the same
kind shall be examined for each defective item found
by that sampling

(d) if a]l the items examined as required by (c) above
are accepfable, the defective item(s) shall be repaired or
replaced jand reexamined as specified in para. 341.3.3,
and all ifems represented by the additional sampling
shall be gccepted, but

(e) if apy of the items examined as required. by"(c)
above reyeals a defect, all items represented by the pro-
gressive gampling shall be either

(1) gepaired or replaced and reeXamined as
required,|or

(2) fpilly examined and repaired‘er replaced as nec-
essary, anid reexamined as necessaxy/'to meet the require-
ments of [this Code

(f) If qny of the defectiv€ items are repaired or
replaced,|reexamined, ahd-a defect is again detected in
the repaired or repldced item, continued progressive
sampling in accerdance with (a), (c), and (e) is not
required pased.on‘the defects found in the repair. The
defective|item(s) shall be repaired or replaced and reex-
amined yntil~acceptance as specified in para. 341.3.3.

Tisted specification. See para 341.5.1(a) for examination
of longitudinal welds required to have a joint)factor, E;,
of 0.90.

(4) random examination of the, aséembly of
threaded, bolted, and other joints to satisfy the exagniner
that they conform to the applicable requirements of|para.
335. When pneumatic testing ,is'te be performef, all
threaded, bolted, and other miéchanical 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 eviderjce of
defects that would require repair or replacement, and
for other evident deviations from the intent of the d¢sign.

(b) Other”Examination

(@)>-Not less than 5% of circumferential butf and
miter“groove welds shall be examined fully by rapdom
radiography in accordance with para. 344.5 or by ran-
dom ultrasonic examination in accordance with |para.
344.6. The welds to be examined shall be selectpd to
ensure that the work product of each welder or wellding
operator doing the production welding is included [They
shall also be selected to maximize coverage of int¢rsec-
tions with longitudinal joints. When a circumferpntial
weld with an intersecting longitudinal weld(s) is gxam-
ined, at least the adjacent 38 mm (1% in.) of each jnter-
secting weld shall be examined. In-process examirjation
in accordance with para. 344.7 may be substitutdd for
all or part of the radiographic or ultrasonic examirjation
on a weld-for-weld basis if specified in the engindering
design or specifically authorized by the Inspector

(2) Not less than 5% of all brazed joints shgll be
examined by in-process examination in accordancq with
para. 344.7, the joints to be examined being selected to
ensure that the work of each brazer making the prpduc-
tion joints is included.

Spot or random examination (whichever is applicable)
is then performed on the remaining unexamined joints.

341.4 Extent of Required Examination

341.4.1 Examination — Normal Fluid Service. Piping
in 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. 341.3.2 and in Table 341.3.2, for Normal Fluid
Service unless otherwise specified.
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(c) Certifications and Records. The examiner shall be
assured, by examination of certifications, records, and
other evidence, that the materials and components are of
the specified grades and that they have received required
heat treatment, examination, and testing. The examiner
shall provide the Inspector with a certification that all
the quality control requirements of the Code and of the
engineering design have been carried out.

341.4.2 Examination — Category D Fluid Service.
Piping and piping elements for Category D Fluid Service
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as designated in the engineering design shall be visually
examined in accordance with para. 344.2 to the extent
necessary to satisfy the examiner that components,
materials, 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
Table 341.3.2, for Category D fluid service, unless other-
wise specified.

341.4.3 Examination — Severe Cyclic Conditions.

(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 the piping under all conditions of startup, operation,
and shutdown will be accommodated without undue
binding or unanticipated constraint.

Pipirlg to be used under severe cyclic conditions shall
be examined to the extent specified herein or to any
greafer extent specified in the engineering design.
Acceptance criteria are as stated in para. 341.3.2 and in
Tablg 341.3.2, for severe cyclic conditions, unless other-
wise [specified.

(a)| Visual Examination. The requirements of para.
341.41(a) apply with the following exceptions:

1) All fabrication shall be examined.

2) All threaded, bolted, and other joints shall be
exanfined.

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 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
miteq groove welds and all fabricated branch connection
weldp comparable to those shown in Fig. 328.5.4E shall
be eNamined by 100% radiography in accordance-with
para/| 344.5, or (if specified in the engineering,design)
by 100% ultrasonic examination in accordafice:with para.
344.6. Socket welds and branch connection welds which
are rjot radiographed shall be examined by magnetic
partifle or liquid penetrant methods in accordance with
para|344.3 or 344.4.

(c)| In-process examination\in accordance with para.
344.7, supplemented by-appropriate nondestructive
exanjination, may be_substituted for the examination
required in (b) above’on a weld-for-weld basis if speci-
fied in the engineering design or specifically authorized
by the Inspector.

(d)| Certifieation and Records. The requirements of

para| 341.4;1(c) apply.
34444 Fxaminatio ated—Tempe att tid
Service. Elevated temperature piping with a design

temperature greater than or equal to T, as defined in
Table 302.3.5, General Note (b), 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. 341.3.2 and in Table 341.3.2, for Normal
Fluid Service, unless the requirements for severe cyclic
conditions apply or otherwise specified.

(a) Visual Examination. The requirements of para.
341.4.1(a) apply with the following exceptions:

79

(b) Additional Examination. The examinatio
ments of para. 341.4.1(b) apply with the follow
tions:

(1) Fabrication for longitudinal.welds ip P-No. 4
and P-No. 5 materials, except those in compon¢nts made
in accordance with a listed specification, shall{be exam-
ined by 100% radiography in’accordance with para.
344.5, or by 100% ultrasohie‘examination in agcordance
with para. 344.6.

(2) Socket welds™and branch connection| welds in
P-No. 4 and P-Ne-5 materials that are not radipgraphed
or ultrasonicdlly examined shall be examined by mag-
netic particle or liquid penetrant methods in agcordance
with parai344.3 or 344.4.

(c) Additional Examination Required for Afitogenous
Welds,” Without Filler Metal, in Austenitic Staifiless Steel
aud Austenitic High Nickel Alloys. Autogenously welded
pipe shall receive nondestructive electric exdgmination
in accordance with the material specificationl Autoge-
nously welded expansion joint bellows shall |be exam-
ined in accordance with para. X302.2.2(c).

(d) Certification and Records. The requirgments of
para. 341.4.1(c) apply.

N require-
ng excep-

341.5 Supplementary Examination

Any of the methods of examination describgd in para.
344 may be specified by the engineering design to sup-
plement the examination required by para. 341.4. The
extent of supplementary examination to be gerformed
and any acceptance criteria that differ from| those in
para. 341.3.2 shall be specified in the engineering design.

341.5.1 Spot Radiography

(a) Longitudinal Welds. Spot radiography fofr longitu-
dinal groove welds required to have a weld jgint factor
E; of 0.90 requires examination by radiography in accor-
dance-with-para—344>-of-atleas t) in each
30 m (100 ft) of weld for each welder or welding operator.
Acceptance criteria are those stated in Table 341.3.2 for
radiography under Normal Fluid Service.

(b) Circumferential Butt Welds and Other Welds. 1t is
recommended 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 criteria are as stated in Table 341.3.2 for radiogra-
phy under Normal Fluid Service for the type of joint
examined.
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(c) Progressive Sampling for Examination. The provi-
sions of para. 341.3.4 are applicable.

(d) Welds to Be Examined. The locations of welds and
the points at which they are to be examined by spot
radiography shall be selected or approved by the
Inspector.

341.5.2 Hardness Tests. The extent of hardness test-
ing required shall be in accordance with para. 331.1.7
except as otherwise specified in the engineering design.

be specified in the engineering design in enough detail
to permit qualification of the necessary procedures and
examiners.

344.1.3 Definitions. The following terms apply to
any type of examination:

100% examination: complete examination of all of a speci-
fied kind of item in a designated lot of piping?

random_examination:®> _complete examination of a per-

341.5.3 Examinations to Resolve Uncertainty. Any
method fnay be used to resolve doubtful indications.
Acceptafce criteria shall be those for the required
examinatjon.

342 E)TMINATION PERSONNEL
342.1 P

Examiners shall have training and experience com-
mensurall|e with the needs of the specified examinations."
The emplloyer shall certify records of the examiners
employed, showing dates and results of personnel quali-
fications,land shall maintain them and make them avail-
able to tHe Inspector.

rsonnel Qualification and Certification

3422 S

For in-process examination, the examinations shall be
performed by personnel other than those performing
the prodiycction work.

ecific Requirement

343 EXAMINATION PROCEDURES

Any examination shall be performed in accordance
with a wyritten procedure that conforms tg one of the
methods ppecified in para. 344, including special meth-
ods (see jpara. 344.1.2). Procedures shall be written as
required [in the BPV Code, Sectign V, Article 1, T-150.
The employer shall certify records of the examination
procedures employed, showifigydates and results of pro-
cedure qyalifications, and shall maintain them and make
them avajlable to the Inspector.

344 TYPES OF EXAMINATION

centage of a specified kind of item in a designated 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 ofiall shop-fabricated
welds in a lot of jacketed piping

random spot examination:® a_SpeCified partial examina-
tion of a percentage of alspecified kind of item in a
designated lot of piping?

344.2 Visual Examination

344.2.1 Definition. Visual examination is obderva-
tion of the portion of components, joints, and othef pip-
ing eleménts that are or can be exposed to view bgfore,
during,@r after manufacture, fabrication, assembly] erec-
tion,'examination, or testing. This examination includes
verification of Code and engineering design require-
ments for materials, components, dimensions,|joint
preparation, alignment, welding, bonding, brazing| bolt-
ing, threading, or other joining method, supports,
assembly, and erection.

344.2.2 Method. Visual examination shall b¢ per-
formed in accordance with the BPV Code, Sectipn V,
Article 9. Records of individual visual examinations are
not required, except for those of in-process examirfation
as specified in para. 344.7.

344.3 Magnetic Particle Examination

Examination of castings is covered in para. 3(2.3.3.
Magnetic particle examination of welds and of compo-
nents other than castings shall be performed in gccor-
dance with BPV Code, Section V, Article 7.

344.1 theral
344.1% tethods: Exceptas provided i para:

344.1.2, any examination required by this Code, by the
engineering design, or by the Inspector shall be per-
formed in accordance with one of the methods specified
herein.

344.1.2 Special Methods. If a method not specified
herein is to be used, it and its acceptance criteria shall

! For this purpose, SNT-TC-1A, Recommended Practice for Non-
destructive Testing Personnel Qualification and Certification, may
be used as a guide.
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2 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.

3 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 which 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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344.4 Liquid Penetrant Examination

Examination of castings is covered in para. 302.3.3.
Liquid penetrant examination of welds and of compo-
nents other than castings shall be performed in accor-
dance with BPV Code, Section V, Article 6.

344.5 Radiographic Examination
344.5.1 Method. Radiography of castings is cov-

(3) for sizes > DN 450, once for each welded joint

examined

(d) Each type of material and each size and wall thick-
ness shall be considered separately in applying the trans-
fer method. In addition, the transfer method shall be
used at least twice on each type of weld joint.

(e) The reference level for monitoring discontinuities
shall be modified to reflect the transfer correction when
the transfer method is used.

ered in para 30233 Radiography of welds and of com-
pongnts other than castings shall be performed in
accolldance with BPV Code, Section V, Article 2.

344.5.2 Extent of Radiography

(a)] 100% Radiography. This applies only to girth and
mitey 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
radiqgraph in accordance with para. 344.5.1 at a point
within a specified extent of welding. For girth, miter,
and pranch groove welds the minimum requirement is
1) for sizes < DN 65 (NPS 2%), a single elliptical
expopure 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 .ig
152 thm (6 in.) of weld length.

344.6 Ultrasonic Examination

344.6.1 Method. Examination of castings.is covered
in pdra. 302.3.3; other product forms are'rfot covered.
Ultrasonic examination of welds shall\be performed in
accoldance with BPV Code, Section'V; Article 4, except
that fthe alternative specified if (a) and (b) below is
pernitted for basic calibrdtieon blocks specified in
T-434.2.1 and T-434.3.

(a)) When the basic.ealibration blocks have not
receiyed heat treatment in accordance with T-434.1.5,
transffer methods shall be used to correlate the responses
from| the basicecalibration block and the component.
Tranpfer is@complished by noting the difference
betwpen responses received from the same reference
refleqtoxirv'the basic calibration block and in the compo-

344.6.2 Acceptance Criteria. A linear-typ¢ disconti-
nuity is unacceptable if the amplitude of.the jndication
exceeds the reference level and its length excpeds

(@) 6 mm (% in.) for T,, < 19 mm (% in.)

(b) T,/3 for 19 mm < T, < 57 min (2% in.

(¢) 19 mm for T, > 57 mn{

344.7 In-Process Examination

344.7.1 Definition.” In-process examina
prises examination, of the following, as appli
(a) joint preparation and cleanliness
(b) preheating
(c) fit-up,joint clearance, and internal alignment prior
to joining
(d)“wariables specified by the joining p1
including filler material
(1) (for welding) position and electrode
(2) (for brazing) position, flux, brazing
ture, proper wetting, and capillary action
(e) (for welding) condition of the root pass after clean-
ing — external and, where accessible, interna] — aided
by liquid penetrant or magnetic particle exgmination
when specified in the engineering design
(f) (for welding) slag removal and weld
between passes
(g¢) appearance of the finished joint

ion com-
able:

ocedure,

tempera-

rondition

344.7.2 Method. The examination is yisual, in
accordance with para. 344.2, unless additiona] methods
are specified in the engineering design.

345 TESTING
345.1 Required Leak Test

Prior to initial operation, and after completjon of the

nent ‘and-eorrecting—for-the-differenee:

(b) The 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 which
will aid in accomplishing 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 joints examined

(2) for sizes > DN 50 and < DN 450 (NPS 18), once
in each 1.5 m (5 ft) of welding examined
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ayyh\.ab}c examitations LC\iuilcd L_y para: 341, each plp-
ing system shall be tested to ensure tightness. The test
shall be a hydrostatic leak test in accordance with para.
345.4 except as provided herein.

(a) At the owner’s option, a piping system in Cate-
gory D fluid service may be subjected to an initial service
leak test in accordance with para. 345.7, in lieu of the
hydrostatic leak test.

(b) Where the owner considers a hydrostatic leak test
impracticable, either a pneumatic test in accordance with
para. 345.5 or a combined hydrostatic-pneumatic test in
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accordance with para. 345.6 may be substituted, recog-
nizing the hazard of energy stored in compressed gas.
(c) Where the owner considers both hydrostatic and
pneumatic leak testing impracticable, the alternative
specified in para. 345.9 may be used if both of the follow-
ing conditions apply:
(1) a hydrostatic test would damage linings or
internal insulation, or contaminate a process which
would be hazardous, corrosive, or inoperative in the

is used to isolate equipment or other piping during a test,
need not be leak tested in accordance with para. 345.1.

(c) Closure Welds. The final weld connecting piping
systems or components which have been successfully
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

presence [Of TNOISTUTE, O WoUld present the danger of
brittle fracture due to low metal temperature during
the test
(2) a pneumatic test would present an undue haz-
ard of pdssible release of energy stored in the system,
or would present the danger of brittle fracture due to
low metdl 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.

345.2 General Requirements for Leak Tests

Requirg¢ments in para. 345.2 apply to more than one
type of ldak test.

345.2{1 Limitations on Pressure

(a) Strdss Exceeding Yield Strength. If the test pressure
would prpduce a nominal pressure stress or longitudinal
stress in gxcess of yield strength at test temperature, the
test pressure may be reduced to the maximum pressure
that will hot exceed the yield strength at test tempera-
ture. [Seq paras. 302.3.2(e) and (f).]

(b) Test Fluid Expansion. 1f a pressure test is to-be
maintaingd for a period of time and the test flpid\in the
system is|subject to thermal expansion, precautions shall
be taken [to avoid excessive pressure.

(c) Preliminary Pneumatic Test. A preliminary test
using air pt no more than 170 kPa (25.psi) gage pressure
may be £:ﬁlade prior to hydrostatic' testing to locate
major lealks.

345.2)2 Other Test Requiréments

(a) Examination for Léaks: A leak test shall be main-
tained for at least 10 min, and all joints and connections
shall be gxamined for leaks.

(b) Hedt Treatment. Leak tests shall be conducted after
any heat [treatmeént has been completed.

(c) Louj Test Temperature. The possibility of brittle frac-

para. 3446:

345.2.4 Externally Pressured Piping. Piping S\IlbjeCt
to external pressure shall be tested at an dirternal| gage
pressure 1.5 times the external differential, pressurg, but
not less than 105 kPa (15 psi).

345.2.5 Jacketed Piping

(a) The internal line shall bedeak tested on the|basis
of the internal or external-design pressure, whichever
is critical. This test mustibe-performed before the jacket
is completed if it is necessary to provide visual gccess
to joints of the internal'line as required by para. 345.3.1.

(b) The jacketshall be leak tested in accordance with
para. 345.1 ofi/tle basis of the jacket design pressure
unless otherwise specified in the engineering desjgn.

345:2.6 Repairs or Additions After Leak Testing. If
repaifs'or additions are made following the leak tegt, the
affected piping shall be retested, except that for minor
repairs or additions the owner may waive retest require-
ments when precautionary measures are taken to gssure
sound construction.

345.2.7 TestRecords. Records shallbe made o
piping system during the testing, including

(a) date of test

(b) identification of piping system tested

(c) test fluid

(d) test pressure

(e) certification of results by examiner

These records need not be retained after completion
of the test if a certification by the Inspector thdt the
piping has satisfactorily passed pressure testihg as
required by this Code is retained.

each

345.3 Preparation for Leak Test

345.3.1 Joints Exposed. Alljoints, welds (incleing
structural attachment welds to pressure-containinglcom-

ture shall be considered when conducting leak tests at
metal temperatures near the ductile-brittle transition
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 components and subassemblies that have previously
been tested, and flanged joints at which a blank or blind
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ponents), and bonds shall be left uninsulated 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 be primed
and painted prior to leak testing unless a sensitive leak
test (para. 345.8) is required.

345.3.2 Temporary Supports. Piping designed for
vapor or gas shall be provided with additional tempo-
rary supports, if necessary, to support the weight of test
liquid.
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345.3.3 Piping With Expansion Joints

(a) Unrestrained expansion joints depend on external
main anchors to resist pressure thrust forces. Except as
limited in para. 345.3.3(c), a piping system containing
unrestrained expansion joints shall be leak 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

under consideration, shall be calculated by eq. (24).
When the piping system contains more than one mate-
rial or more than one design temperature, eq. (24) shall
be used for every combination, excluding pipe support-
ing elements and bolting, and the maximum calculated
value of Pr is the minimum test gage pressure.

are not designed to Tesist the pressure thrust forces at
the rpquired test pressure, for that portion of the test
wher) the pressure exceeds 150% of the expansion joint
design pressure, the expansion joint shall either be tem-
poratily removed or temporary restraints shall be added
to regist the pressure thrust forces.

(b)| Self-restrained metallic bellows expansion joints
(i.e., tied, hinged, pressure balanced, etc.) have restraint
hardare designed to resist the pressure thrust forces.
Except as limited in para. 345.3.3(c), a piping system
contgining self-restrained expansion joints shall be leak
testedl 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-
tive Jeak test in accordance with para. 345.8 is required.
Restijaint hardware for all types of expansion joints shall
be designed for the pressure thrust forces at the test
presgure.

(c) When a metallic bellows expansion joint. is
installed in the piping system subject to a leak testand
the lpak test pressure determined in accordance ‘with
para| 345 exceeds the pressure of the test performed by
the manufacturer in accordance with Appendix X, the
required leak test pressure shall be reduced to the manu-
factufer ’s test pressure.

345.3.4 Limits of Tested Piping. Equipment which
is not to be tested shall be either‘disconnected from the
pipir|g or isolated by blinds 6r other means during the
test. A valve may be used\provided the valve (including
its clpsure mechanism).is suitable for the test pressure.

345.4 HydrostaticLeak Test

345.4.1_Test Fluid. The fluid shall be water unless
there| is the possibility of damage due to freezing or to
adveyseetfects of water on the piping or the process

Pr = 15 PR, (24)
where
P = internal design gage pressure
Pr = minimum test gage pressure
R, = ratio of S¢/S for pipe or components without
established ratings, but,shall not exfeed 6.5
= ratio of the componehtypressure rating at the
test temperature ,tothe component pressure
rating at the comjponent design temperature
for components with established rafings, but
shall not exceéd 6.5
S = allowable stress value at componept design
temperature (see Table A-1)
St = allowable stress value at test tempetature

Alternatively, for carbon steel piping with a minimum
specified yield strength not greater than 42 ksi
(290’MPa), the test pressure for the assembly ¢f compo-
nents, excluding pipe supporting elements ar{d bolting
(e.g., pipe, fittings, valves, flanges), may be bgsed on R,
for any of the components in the assembly.

(c) if the test pressure as defined above wpuld pro-
duce a nominal pressure stress or longitudinall stress in
excess of the yield strength at test temperature or a
pressure more than 1.5 times the component rating at
test temperature, the test pressure may be r¢duced to
the maximum pressure that will not exceed fthe lesser
of the yield strength or 1.5 times the component ratings
at test temperature. [See paras. 302.3.2(e) andl (f).] For
metallic bellows expansion joints, see Appendix X,
para. X302.2.3(a).

345.4.3 Hydrostatic Test of Piping With Vepsels as a
System *
(1) Where the test pressure of piping attafhed to a
vessel is the same as or less than the test pressure for
the vessel, the piping may be tested with thq vessel at
the piping test pressure.

(see para. F345.4.1). In that case another suitable non-
toxic liquid may be used. If the liquid is flammable, its
flash point shall be at least 49°C (120°F), and consider-
ation shall be given to the test environment.

345.4.2 Test Pressure. Except as provided in para.
345.4.3, the hydrostatic test pressure at every point in a
metallic piping system shall be as follows:

(a) not less than 1.5 times the design pressure.
(b) when the design temperature is greater than the
test temperature, the minimum test pressure, at the point
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() 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 and the
vessel may be tested together at the vessel test pressure,
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).

* The provisions of para. 345.4.3 do not affect the pressure test
requirements of any applicable vessel code.
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345.5 Pneumatic Leak Test

345.5.1 Precautions. Pneumatic testing involves
the hazard of released energy stored in compressed gas.
Particular care must therefore be taken to minimize the
chance of brittle failure during a pneumatic leak test.
Test temperature is important in this regard and must
be considered when the designer chooses the material
of construction. See para. 345.2.2(c) and Appendix F,
para. F323.4.

345.8 Sensitive Leak Test

The test shall be in accordance with the Gas and Bub-
ble Test method specified in the BPV Code, Section V,
Article 10, or by another method demonstrated to have
equal sensitivity. Sensitivity of the test shall be not less
than 107> atm-ml/sec under test conditions.

(a) The test pressure shall be at least the lesser of
105 kPa (15 psi) gage or 25% of the design pressure.

(b) The pressure shall be gradually increased until a

345.5{2 Pressure Relief Device. A pressure relief
device shall be provided, having a set pressure not
higher thhn the test pressure plus the lesser of 345 kPa
(50 psi) dr 10% of the test pressure.

345.53 Test Fluid. The gas used as test fluid, if not
air, shall pe nonflammable and nontoxic.

345.514 Test Pressure. The test pressure shall be
not less than 1.1 times the design pressure and shall not
exceed tHe lesser of

(a) 1.33 times the design pressure

(b) the|pressure that would produce a nominal pres-
sure stregs or longitudinal stress 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 which is the lesser of
one-half the test pressure or 170 kPa (25 psi) is attained,
at which fime a preliminary check shall be made, includ-
ing examination of joints in accordance with
para. 341|4.1(a). Thereafter, the pressure shall be gradus
ally increpsed in steps until the test pressure is reached;
holding the pressure at each step long enough toéquial-
ize piping strains. The pressure shall then bé reduced
to the depign pressure before examining for'leakage in
accordange with para. 345.2.2(a).

345.6 Hydrostatic-Pneumatic Leak Test

If a combination hydrostatic-pnéumatic leak test is
used, the|requirements of para’345.5 shall be met, and
the presspire in the liquid filled part of the piping shall
not excegd the limits stated in para. 345.4.2.

345.7 Injtial Service Leak Test
This tept is applicable only to piping in Category D
Fluid Serjice,~at-the owner’s option. See para. 345.1(a).
345.7./1 \Test Fluid. The test fluid is the service fluid.

gage pressure the lesser of one-half the test pressyre or
170 kPa (25 psi) is attained, at which time a prelimfinary
check shall be made. Then the pressure shall-be gfradu-
ally increased in steps until the test pressure is reached,
the pressure being held long enough. at each stpp to
equalize piping strains.

345.9 Alternative Leak Test

The following procedures)and leak test method may
be used only under\the conditions stated in
para. 345.1(c).

345.9.1 Examination of Welds. Welds, inclyding
those used inf\the manufacture of welded pipe and fit-
tings, whichihave not been subjected to hydrostaltic or
pneumaticleak tests in accordance with this Code,shall
be examined as follows:

(a)*Circumferential, longitudinal, and spiral groove
welds shall be 100% radiographed in accordance| with
para. 344.5 or 100% ultrasonically examined in gccor-
dance with para. 344.6.

(b) All welds, including structural attachment welds,
not covered in (a) above, shall be examined using the
liquid penetrant method (para. 344.4) or, for magnetic
materials, the magnetic particle method (para. 344.3).

345.9.2 Flexibility Analysis. A flexibility analysis
of the piping system shall have been made in accordlance
with the requirements of para. 319.4.2 (b), if appligable,
or (c) and (d).

345.9.3 Test Method. The system shall be subjected
to a sensitive leak test in accordance with para. 345.8.

346 RECORDS
346.2 Responsibility

e 1 il Lol n oo

345.7.2 Procedure. During or prior to initial opera-
tion, the pressure shall be gradually increased in steps
until the 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 vapor.

345.7.3 Examination for Leaks. In lieu of para.
345.2.2(a), it is permissible to omit examination for leak-
age of any joints and connections previously tested in
accordance with this Code.
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His-theresponsibilityof the piping-designer+the'man-
ufacturer, the fabricator, and the erector, as applicable,
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 least 5 y
after the record is generated for the project:

(a) examination procedures

(b) examination personnel qualifications
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Chapter VII
Nonmetallic Piping and Piping Lined With Nonmetals

A300 GENERAL STATEMENTS

A302.1 General

(a)| Chapter VII pertains to nonmetallic piping and to
piping lined with nonmetals.

(b)] The organization, content, and paragraph desig-
nations of this Chapter correspond to those of the first
six (hapters (the base Code). The prefix A is used.

(c)| Provisions and requirements of the base Code
apply only as stated in this Chapter.

(d)| Metallic piping which provides the pressure con-
tainment for a nonmetallic lining shall conform to the
requirements of Chapters I through VI, and to those in
Chagpter VII not limited to nonmetals.

(e)] This Chapter makes no provision for piping to be
used|under severe cyclic conditions.

(f)] With the exceptions stated above, Chapter I
applies in its entirety.

PART 1
CONDITIONS AND CRITERIA

DESIGN CONDITIONS

Pafagraph 301 applies in its entirety, with the
exception of paras. 301.2 and 301.3. See below.

A301

A301

Paragraph 301.2 applies in its (entirety, except that
refer¢nces to paras. A302.2.4 and'A304 replace references
to pdras. 302.2.4 and 304, respectively.

.2 Design Pressure

A301

Paragraph 3013 applies with the following
exceptions.

A3

.3 Design Temperature

01.3.1_Design Minimum Temperature. Paragraph
301.3.1 applies; but see para. A323.2.2, rather than
para|323:2)2.

The designer shall be satisfied as to the)pdequacy
nonmetallic material and its manufacture, considering
at least the following:

(a) tensile, compressive, flexural, ahd shear
and modulus of elasticity, at design tempera
term and short term)

(b) creep rate at design‘eonditions

(c) design stress and‘its basis

(d) ductility and plasticity

(e) impact and thermal shock properties

(f) temperature limits

(g) transition temperature: melting and vay

(h) poresity and permeability

(i), testing methods

(j) methods of making joints and their effi

(k) possibility of deterioration in service

strength,
ure (long

orization

iency

A302.2 Pressure-Temperature Design Criteria

A302.2.1 Listed Components Having Established
Ratings. Paragraph 302.2.1 applies, except that refer-
ence to Table A326.1 replaces reference to Talple 326.1.

A302.2.2 Listed Components Not Having Specific
Ratings. Nonmetallic piping components for which
design stresses have been developed in accordance with
para. A302.3, but which do not have specific [pressure—
temperature ratings, shall be rated by rules fof pressure
design in para. A304, within the range of temperatures
for which stresses are shown in Appendix B,|modified
as applicable by other rules of this Code.

Piping components which do not have 3
stresses or pressure-temperature ratings shall
fied for pressure design as required by para.

llowable
be quali-
A304.7.2.

A302.2.3 Unlisted Components. Paragraph 302.2.3
applies, except that references to Table A326.1 gnd paras.

A301.3:2tUninsutated-Compoments.—Thecomponent
design temperature shall be the fluid temperature,
unless a higher temperature will result from solar radia-
tion or other external heat sources.

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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A304 and A304.7.2 replace references to Table 326.1 and
paras. 304 and 304.7.2, respectively.

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-

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 D 2992 and are valid only at 23°C (73°F). HDS
shall be obtained by multiplying the HDBS by a service
(design) factor? selected for the application, in accor-

gating th¢ two services shall be rated for the more severe
service condition.

A302.3
A302.

llowable Stresses and Other Design Limits

8.1 General

(a) TaBle B-1 contains hydrostatic design stresses
(HDS). Tgbles B-2 and B-3 are listings of specifications
which mpet the criteria of paras. A302.3.2(b) and (c),
respectively. Tables B-4 and B-5 contain allowable pres-
sures. These HDS values, allowable stress criteria, and
pressureq shall be used in accordance with the Notes to
Appendix B, and may be used in design calculations
(where tlhe allowable stress S means the appropriate
design stfess) except as modified by other provisions of
this Codd. Use of hydrostatic design stresses for calcula-
tions oth¢r than pressure design has not been verified.
The base$ for determining allowable stresses and pres-
sures are|outlined in para. A302.3.2.

(b) Th¢ stresses and allowable pressures are grouped
by materials and listed for stated temperatures. Straight-
line interpolation between temperatures is permissiple.

A302.3.2 Bases for Allowable Stresses-and
Pressureg '

(a) Theymoplastics. The method of determining HDS
is described in ASTM D 2837. HDS values“are given in
Table B-1[for those materials and tempetatures for which
sufficient| data have been compiled to substantiate the
determinption of stress.

(b) Reipiforced Thermosettifig)Resin (Laminated). The
design stress (DS) valuessfor materials listed in Table
B-2 shall pe one-tenth eflie minimum tensile strengths
specified |in Table 1 of-ASTM C 582 and are valid only

! Titles of| ASTMiSpecifications and AWWA Standards referenced
herein are:
ASTM C 14, Concrete Sewer, Storm Drain, and Culvert Pipe

darmce with procedures described Tm ASTM D992,
within the following limits:
(1) When using the cyclic HDBS, the sefvice
(design) factor F shall not exceed 1.0.
(2) When using the static HRBS, the sefvice
(design) factor F shall not exceed 0.5;
(d) Other Materials. Allowable préssures in Tabl¢s B-4
and B-5 have been determingd’ conservatively |from
physical properties of materials conforming to the |isted
specifications, and havé been confirmed by extensive
experience. Use of other materials shall be qualified as
required by para.©A304.7.2.

A302.3.3 Aimits of Calculated Stresses D
Sustained Leads '

(a) Intérnunl Pressure Stresses. Limits of stress due to
internabpressure are covered in para. A304.

(D). \External Pressure Stresses. Stresses due to unjform
external pressure shall be considered safe when th¢ wall
thickness of the component and its means of stiffening
have been qualified as required by para. A304.7.2

(c) External Loading Stresses. Design of piping yinder
external loading shall be based on the following;:

e to

(1) Thermoplastic Piping. ASTM D 2321 or
AWWA C900.
(2) Reinforced Thermosetting Resin (RTR) and

Reinforced Plastic Mortar (RPM) Piping. ASTM D 3439 or
Appendix A of AWWA C950.

(3) Strain and possible buckling shall be consiglered
when determining the maximum allowable defl¢ction
in (1) or (2) above, but in no case shall the alloyable
diametral deflection exceed 5% of the pipe inside
diameter.

(4) Nonmetallic piping not covered in (1) ¢r (2)
above shall be subjected to a crushing or threetedge
bearing test in accordance with ASTM C 14 or ¢ 301;
the allowable load shall be 25% of the minimum alue

ASTM C 364 Method-of-Testing-Vitrifted-ClayPipe

ASTM C 582, Contact-Molded Reinforced Thermosetting Plastic
(RTP) Laminates for Corrosion Resistant Equipment

ASTM D 2321, Practice for Underground Installation of Thermo-
plastic Pipe for Sewers and Other Gravity-Flow Applications

ASTM D 2837, Test Method for Obtaining Hydrostatic Design Basis
for Thermoplastic Pipe Materials or Pressure Design Basis for
Thermoplastic Pipe Products

. ASTM D 2992, Practice for Obtaining Hydrostatic or Pressure
Design Basis for “Fiberglass” (Glass-Fiber-RTR) Pipe and Fittings

ASTM D 3839, Underground Installation of Fiberglass Pipe

AWWA C900, PVC Pressure Pipe, 4-inch through 12-inch, for Water

AWWA C950, Glass-Fiber-Reinforced Thermosetting Resin
Pressure Pipe
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obtained.

A302.3.4 Limits of Calculated Stresses Due to Occa-
sional Loads

(a) Operation. The sum of the stresses in any compo-
nent in a piping system due to sustained loads, such as

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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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.

(b) Test. Stresses due to test conditions are not subject
to the limitations 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.

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
Pressure. The internal pressure design thickness, ¢,
shall be not less than that calculated by one of the follow-
ing equations, using stress values listed in or derived
from the appropriate table in Appendix B:

tm

A302
Pa

4 Allowances
ragraph 302.4 applies in its entirety.

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

A303 GENERAL

Pafagraph 303 applies, except that references to
Tablg A326.1 and para. A302.2.1 replace references to
Tabld 326.1 and para. 302.2.1. For nonmetallic compo-
nentg, reference to para. A304 replaces reference to
para| 304.

A304 PRESSURE DESIGN OF PIPING

COMPONENTS
A304.1 Straight Pipe

A304.1.1 General
(a)| The required thickness of straight sections of(pipe
shall|be determined by eq. (25).

tw =t+c (25)
The minimum thickness T for theipe selected, con-
siderjng manufacturer’s minus tolevance, shall be not
less than t,,.
(b)| The following nomenclatiire is used in the equa-
tions| for pressure design-of.straight pipe:

(a) Thermoplastic Pipe [See Para. A302.3.2(a

—_—

PD

t=55,p!

Table B-1)

(b) RTR (Laminated) Pipe [SeePara. A302.3

PD

= 2557 (26b)°

t Table B-2)

(c) RTR (Filament Wound) and RPM (Centrifu
Pipe [See Para. A302.3.2(c)]

bally Cast)

,__PD
T2SF+ P

A304:1.3 Straight Pipe Under External Pressure
(@) Nonmetallic Pipe. The external pressufe design
thickness, t, shall be qualified as reqtired by
para. A304.7.2.
(b) Metallic Pipe Lined With Nonmetals
(1) The external pressure design thickness
base (outer) material shall be determined in a
with para. 304.1.3.
(2) The external pressure design thickness, t, for
the lining material shall be qualified as required by
para. A304.7.2.

(Table B-3) (26¢)°

, t, for the
rcordance

A304.2 Curved and Mitered Segments of PiTe

red thick-
termined
A304.1.

A304.2.1 PipeBends. The minimum requ
ness, t,, of a bend, after bending, shall be d4

be quali-

¢|= the sum of méchanical allowances (thread or as for straight pipe in accordance with para.
groove depth) plus corrosion and erosion .
allowangce. For threaded components, the nomi- A304.2.2 .Elbows. Manufactured. glbows not in
nal thread depth (dimension /1 of ASME B1.20.1 accordance with para. A303 shall be qualified ap required
or equivalent) shall apply. For machined sur- by para. A304.7.2.
faces or grooves where the tolerance is not spec- A304.2.3 Miter Bends. Miter bends shall
ified, the tolerance shall be assumed to be  fied as required by para. A304.7.2.
05T (6-02 )i addition tothe—specified
depth of the cut. A304.3 Branch Connections
D = outside diameter of pipe . . )
F = service (design) factor. See para. A302.3.2(c). i A3.04.3.2L Ge(r;el;'al.thA pipe ha\&ngi a brzir]\:h CorclineF
P = internal design gage pressure [ Oon 15 weakened by the Opetiing that Must be fade ™M
S — desion stross from aoplicable Table in it and, unless the wall thickness of the pipe is sufficiently
A & dix B PP in excess of that required to sustain the pressure, it is
T = pilljazevr\llaﬁ( thickness (measured or minimum in necessary to provide added reinforcement. The amount

accordance with the purchase specification)
pressure design thickness, as calculated in
accordance with para. A304.1.2 for internal
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% The internal design pressure thickness ¢ shall not include any
thickness of the pipe wall reinforced with less than 20% by weight
of reinforcing fibers.
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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 which will be applied to it if it utilizes a
fitting (a tee, lateral, or cross) in accordance with
para. A303.

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-

A304.B.3 Additional Design Considerations. The
requiremients of paras. A304.3.1 and A304.3.2 are
intended |to assure satisfactory performance of a branch
connectign subjected only to internal or external pres-

sure. Thel designer shall also consider paras. 304.3.5(a),
(c), and (H).

A304.4 (losures

Closur:
qualified

bs not in accordance with para. A303 shall be
as required by para. A304.7.2.

A304.5 Pressure Design of Nonmetallic Flanges

A304.5.1 General

(a) Flajnges not in accordance with para. A303, or
A304.5.1(b) or (d) shall be qualified as required by
para. A3(4.7.2.

(b) Flanges for use with flat ring gaskets may be
designed|in accordance with the BPV Code, Section VIII,
Division| 1, Appendix 2, except that the allowable
stresses and temperature limits of this Code shall goy&
ern. Nomlenclature shall be as defined in the BPV Gode,
except fof the following;:

P = design gage pressure
S, = Rolt design stress at atmospheric temperature*
Sy = Holt design stress at design temperature*
S = dllowable stress for flange matefial from Table
B-1, B-2, or B-3
(c) The rules in (b) aboye ‘are not applicable to a
flanged jpint having a gasket that extends outside the

bolts (ustally to the outside diameter of the flange).
(d) Foif flanges that-make solid contact outside the

bolts, Sedtion VI, Division 1, Appendix Y should be

cused.

A304.5.2>Blind Flanges. Blind flanges not in accor-

where i para. A304 do ot apply, stail be basgd on
calculations consistent with the design criteria.of this
Code. Calculations shall be substantiated by‘one o1 both
of the means stated in (a) and (b) below, lconsidering
applicable ambient and dynamic effects in paras.[301.4
through 301.11:
(a) extensive, successful service experience ynder
comparable design conditions{with similarly prppor-
tioned components made of‘the same or like material
(b) performance test under design conditions includ-
ing applicable dynami¢ ahd creep effects, continugd for
a time period sufficient to determine the acceptdbility
of the componefityor joint for its design life
For (a) or {b) ‘above, the designer may interpgolate
between sizes, wall thicknesses, and pressure claisses,
and may determine analogies among related matgrials.

A304.7.3 Nonmetallic Components With Metallic
Pressure Parts. Components not covered by stanglards
in Table A326.1, in which both nonmetallic and mgtallic
parts contain the pressure, shall be evaluated by applica-
ble requirements of para. 304.7.2 as well as thgse of
para. A304.7.2.

PART 3
FLUID SERVICE REQUIREMENTS FOR PIPING
COMPONENTS

A305 PIPE

Listed pipe may be used in Normal Fluid Sefvice,
subject to the limitations of the pressure-contajning
material and para. A323.4. Unlisted pipe may be[used
only in accordance with para. A302.2.3.

A306 FITTINGS, BENDS, MITERS, LAPS, AND
BRANCH CONNECTIONS

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 designs (such as creased or corrugated) shall be
qualjfied for pressure design as required by para.
A304.7.2.

A304.3 Miter Bends

Extept as specified in para. 306.3.2, a miter bend which
confgrms to para. A304.2.3 may be used in Normal Fluid
Servike.

A306

The following requirements do not apply to fittings
confgrming to para. A306.1.

A306.4.1 Fabricated Laps

(a)| The requirements in paras. 306.4.1(a) and (b) shall
be mfet.

(b)| Lap material shall be suitable for the service condi-
tions| Pressure design shall be qualified as required by
para| A304.7.2.

A306.4.2 Flared Laps. Flared laps shall not be used
in ndnmetallic piping.

A304.5 Fabricated Branch Connections

The following requirements do not apply to fittings
confgrming to para. A306.1.

A306.5.1 General. A fabricatedbranch connection
mad¢ by bonding the branch pipe directly to the header
pipe|with or without added reinforcement as stated in
para|328.5.4, and shown in-kig: 328.5.4, may be used in
Normal Fluid Service, provided that pressure design is
qualified as required by para. A304.7.2.

A306.5.2 Specific Requirements. Fabricated branch
conngctions shallkbé made as specified in para. A328.5.

.4 Fabricated or Flared Laps

A307 VALVES AND SPECIALTY COMPONENTS
Patagraph 307 applies in its entirety, except that in

subject to the requirements for threaded]|joints in
para. A314.
A308.3 Flange Facings

Paragraph 308.3 applies in its entirety.

A308.4 Limitations on Gaskets
See also Appendix Espara. F308.4.

A308.4.1 Lining'Used as Facing or Gaskef. Lining
material extended over the flange face and fised as a
gasket shall conform to para. 308.4.

A309 ~BOLTING
Bolting includes bolts, bolt studs, studs, cdp screws,
nuts, and washers. See Appendix F, para. F3()9.
A309.1 General
Paragraph 309.1 applies in its entirety.

A309.2 Specific Bolting

Any bolting which meets the requirementp of para.
309.1 may be used with any combination of flahge mate-
rials and flange facings. Joint assembly shall cpnform to
the requirements of para. A335.2.

A309.3 Tapped Holes in Nonmetallic Compopents

in piping
design is

Tapped holes for pressure retaining bolting
components may be used provided pressure
qualified as required by para. A304.7.2.

PART 4
FLUID SERVICE REQUIREMENTS FOR PIPIN

A310  GENERAL

G JOINTS

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.

89

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.

(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
mortar (RPM) piping.

A311.2.3 Joints Limited to Category D Fluid Service.
Joints which have been examined in accordance with
para. 34114.2 may be used only for Category D Fluid
Service.

A312 FLANGED JOINTS

The depigner should consult the manufacturer for rat-
ings of flgnged joints in nonmetallic piping and in piping
lined with nonmetals.

A313 EXPANDED JOINTS
Paragraph 313 applies in its entirety.

A314 THREADED JOINTS
A314.1 General

A thregded joint is suitable for use in Normal Fluid
Service, qubject to the limitations of the material atid
requirements elsewhere in para. A314. A joint conform-
ing to pafa. 314.1(d) shall not be used.

A314.2 $pecific Requirements

A314.2.1 Thermoplastic Piping.- Threaded joints
shall conform to all of the following:

(a) Th¢ pipe wall shall be at leastas thick as Schedule
80 as defjned in ASTM D 1785;

(b) Thireads shall be NPT, and shall conform to
ASME B1.20.1 or ASTM_E-1498.

(c) Threads shall ednform to applicable standards in
Table A326.1.

(d) A duitable\thfead sealant shall be used.

A314.2.2. Reinforced Thermosetting Resin Piping.

A315—TUBINGJOINFS———————————————————

Paragraph 315 applies in its entirety, subject\to’mate-
rial limitations, exclusion of 315.2(b) regarding severe
cyclic conditions, and replacement of réferenjce to
Table 326.1 and para. 304.7.2 with referenfe to
Table A326.1 and para. A304.7.2, respectively.

A316 CAULKED JOINTS
Paragraph 316 applie§inits entirety.

A318 SPECIALJOINTS

Special joints ‘are those not covered elsewhdre in
Chapter VILPart 4, such as bell type and packed gland
type joints;

A318.1 General

Paragraph 318.1 applies in its entirety, except tHat, in
para. 318.1.2, reference to para. A304.7.2 replaces fefer-
ence to para. 304.7.2.

A318.2 Specific Requirements

Paragraph 318.2 applies with the excepti¢n of

para. 318.2.3.

A318.3 Piping Lined With Nonmetals

A318.3.1 Welding of Metallic Piping
(a) General. Joints made in accordance with therules
in para. A329.1 may be used in Normal Fluid Sefvice,
subject to material limitations.
(b) Specific Requirements. Welds shall be limited to
those which do not affect the serviceability of the ljning.

A318.3.2 Flared Linings
(a) General. Flared ends of linings made in accordlance
with the rules in para. A329.2 may be used in N¢rmal

Threadedjeints-inreinforced-thermosettingresin(RFR}
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
factory cut or molded in the bottom portions of fittings
with deep sockets.
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Frord-Service; bubjeLi. toTateriat Hmitatiorns:

(b) Specific Requirements. Flaring shall be limited to
applications which do not affect the serviceability of the
lining.

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 D 3139.
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(b) Seals for joints in RTR and RPM piping shall con-
form to ASTM D 4161.

PART 5
FLEXIBILITY AND SUPPORT

A319 FLEXIBILITY OF NONMETALLIC PIPING
A319.1 Requirements

A319 Basic Requiremen iping
be d¢signed to prevent thermal expansion or contrac-
tion, |pressure expansion, or movement of piping sup-
portd and terminals from causing

(a)| failure of piping or supports from overstrain or
fatighe

(b) leakage at joints

(c)] detrimental stresses or distortion in piping or in
conngcted equipment (pumps, for example), resulting
from|excessive thrusts and moments in the piping

A319.1.2 Specific Requirements

(a)] In para. A319, guidance, concepts, and data are
giver) to assist the designer in assuring adequate flexibil-
ity in piping systems. No specific stress-limiting criteria
or methods of stress analysis are presented since stress—
straif behavior of most nonmetals differs considerably
from|that of metals covered by para. 319 and is less well
defined for mathematical analysis.

(b)| Piping systems should be designed and laid out
so that flexural stresses resulting from displacement due
to expansion, contraction, and other movement are fini-
mizefl. This concept requires special attention/to sup-
portd, terminals, and other restraints, as well ds to the
techhiques outlined in para. A31937) See also
para] A319.2.2(b).

(c)| Further information on designvof thermoplastic
pipinig can be found in PPI Techiicdl Report TR-21.

A319.2 Concepts

A319.2.1 Displacement Strains. The concepts of
straiff imposed by restraint of thermal expansion or con-
traction, and by external movement, described in para.
319.211, apply, in-principle to nonmetals. Nevertheless,
the apsumptiofithat stresses throughout the piping sys-
tem ¢an pe predicted from these strains because of fully
elastic tbehavior of the piping materials is not gener-

A319.2.2 Displacement Stresses

(a) Elastic Behavior. The assumption that displace-
ment strains will produce proportional stress over a suf-
ficiently wide range to justify an elastic stress analysis
often is not valid for nonmetals. In brittle piping, strains
initially will produce relatively large elastic 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 genera itpr resges of the
overstrained (plastic) type, even at relatively low values
of total displacement strain. If a method of [flexibility
analysis which assumes elastic behayior'is selected, the
designer must be able to demonstrate’its validjty for the
piping system under consideration, and shall establish
safe limits for computed stresses.

(b) Overstrained Behavigrd Stresses cannot He consid-
ered proportional to displacement strains thrgughout a
piping system in which an excessive amount of strain
may occur in localized portions of the piping [fan unbal-
anced systemy see’ para. 319.2.2(b)] or in which elastic
behavior of the piping material cannot be fissumed.
Overstrain/ shall be minimized by system ldyout and
excessive. displacements shall be minimized Iy special
joints\or expansion devices (see para. A319.7).
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A319.2.3 Cold Spring. Cold spring is the iltentional
deformation of piping during assembly to ;rroduce a
desired initial displacement or stress. Cold spring may
be beneficial in serving to balance the magnitude of
stress under initial and extreme displacemegnt condi-
tions. When cold spring is properly applied, there is less
likelihood of overstrain during initial operatiof. There is
also less deviation from as-installed dimensiops during
initial operation, so that hangers will not be displaced
as far from their original settings. No credif for cold
spring is permitted in stress range calculatipns, or in
calculating thrusts and moments.

A319.3 Properties for Flexibility Analysis

A319.3.1 Thermal Expansion Data. Appendix C lists
coefficients of thermal expansion for several npnmetals.
More precise values in some instances may be gbtainable
from manufacturers of components. If these yalues are
to be used in stress analysis, the thermal displacements
shall be determined as stated in para. 319.3.1}

ally vatrd:

(a) In thermoplastics 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
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.

A319.3.2 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
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
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temperature may be obtainable from the manufacturer.
The modulus may also vary with the orientation of the
specimen, especially for resins with filament-wound
reinforcement. For materials and temperatures not
listed, refer to ASTM or PPI documents, or to manufac-
turer’s data.

A319.3.3 Poisson’s Ratio. Poisson’s ratio varies
widely depending upon material and temperature. For
that reason _simplified formulas used in stress analysis

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
other devices shall be provided as necessary to resist end
forces produced by fluid pressure, frictional resistance to
movement, and other causes.

for metals may not be valid for nonmetals.

A319.B.4 Dimensions. Nominal thicknesses and
outside diameters of pipe and fittings shall be used in
flexibility] calculations.

A319.4

A319.4.1 Formal Analysis Not Required. No formal
analysis s required for a piping system which

(a) duplicates, or replaces without significant change,
a system|operating with a successful service record

(b) can| readily be judged adequate by comparison
with previously analyzed systems, or

(c) is 19id out with a conservative margin of inherent
flexibility, or employs joining methods or expansion joint
devices, pr a combination of these methods, in accor-
dance with manufacturers’ instructions

nalysis

A319.4.2 Formal Analysis Requirements. For a pip-
ing systefn which does not meet the above criteria, the
designer phall demonstrate adequate flexibility by sims
plified, approximate, or comprehensive stress analysis,
using a fethod which can be shown to be valid’ for
the specific case. If substantially elastic behavior)can be
demonsirated for the piping system, [see para.
A319.2.2(p)], methods outlined in para.’319.4 may be
applicablp.

A319.5 Reactions

Paragr
analysis

hph 319.5 may be applicable if a formal stress
an be shown to. be valid for the specific case.

A319.6 Movements

Special| attentidr shall be given to movement (dis-
placemert or xotation) of piping with respect to supports
and poinjtsiof-close clearance. Movements of the run
pipe at the+ i i
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
low magnitude. The amount of tension or compression
strain (which can produce larger reactions) usually is
small.
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A321 PIPING SUPPORT
Paragraph 321 applies in its entirety.

A321.5 Supports for Nonmetallic Piping

A321.5.1 General. In addition’ to other applicable
requirements of para. 321, supports, guides, and anghors
shall be selected and applied to comply with the pjrinci-
ples and requirements ofpara. A319 and the following:

(a) Piping shall becsttpported, guided, and anchored
in such a mannerias to prevent damage to the piping.
Point loads and marrow areas of contact between piiping
and supports shall be avoided. Suitable padding|shall
be placed between piping and supports where damage
to piping may occur.

(b)(Valves and equipment which would trapsmit
excessive loads to the piping shall be independently
supported to prevent such loads.

(c) Consideration shall be given to mechanical ghard-
ing in traffic areas.

(d) Manufacturers’ recommendations for support
shall be considered.

A321.5.2 Supports for Thermoplastic, RTR, and RPM
Piping. Supports shall be spaced to avoid excessive sag
or deformation at the design temperature and within
the design life of the piping system. Decreases in the
modulus of elasticity with increasing temperatur¢ and
creep of material with time shall be considered when
applicable. The coefficient of thermal expansion shall be
considered in the design and location of supportg.

A321.5.3 Supports for Brittle Piping. Brittle pjping,
such as glass, shall be well supported but free of hin-
drance to expansion or other movement. Not morg than
one anchor shall be provided in any straight run without

PART 6
SYSTEMS

A322 SPECIFIC PIPING SYSTEMS

A322.3 Instrument Piping

Paragraph 322.3 applies in its entirety, except that
references 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 below.

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 limits 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

A323 GENERAL REQUIREMENTS

A323.1 Materials and Specifications

Pa
para.

ragraph 323.1 applies except for para. 323.1.4. See
A323.1.4 below.

AB23.1.4 Reclaimed Materials. Reclaimed piping
components may be used, provided they are properly
identified as conforming to a listed or published specifi-

‘ catioh (see para. 323.1.1) and otherwise meet the require-
ments of this Code. The user shall verify that
components are suitable for the intended service. Suffi-
cient| cleaning, examination, and testing shall be per-
formed to determine the minimum available wall

rthickhess and freedom from any of the following to
an extent that would be unacceptable in the intended

,servige:

(a)| imperfections
(b)| reduction of mechanical properties, or
(c)| absorption of deleterious substances

A323.2 Temperature Limitations

The designer shall verify that matérials which meet
other requirements of the Code are-suitable for service
throyghout the operating températtre range. Also see
the Notes for Tables B-1 throtigh B-5 in Appendix B.

A323.2.1 Upper Temperature Limits, Listed Materials

(a)| Except as provided.in (b) below, a listed material
shall|not be used ata-design temperature higher than
the mlaximum for which a stress value or rating is shown,
or higher thanthe maximum recommended temperature
in Table A323.4.2C for RTR materials and in
Tabld A323.4.3 for thermoplastics used as linings.

(b)| Aclisted material may be used at a temperature

Paracraph 3232 3 anplies
(o] I 1T I

A323.2.4 Verification of Serviceability.~'[When an
unlisted material is to be used, or whemalistedl material
is to be used above or below the limitsin Agpendix B
or Table A323.4.2C or Table A323:4.3; the designer shall
comply with the requirements of para. 323.2.4.

A323.4 Fluid Service Reguirements for Nonmetallic
Materials

A323.4.1 Genéral

(a) Nonmetalic materials shall be safgguarded
against excessive temperature, shock, vibratipn, pulsa-
tion, andémechanical abuse in all fluid servicks.

(b) Requirements in para. A323.4 apply td pressure
contdining parts. They do not apply to matefials used
forsupports, gaskets, or packing. See also Afpendix F,
para. FA323.4.

A323.4.2 Specific Requirements
(a) Thermoplastics
(1) They shall not be used in flammable|fluid ser-
vice above ground, unless all of the following are met:
(a) The size of the piping does not exceed DN 25
(NPS 1).
(b) Owner’s approval is obtained.
(c) Safeguarding in accordance with Appendix
G is provided.
(d) The precautions of Appendix
F323.1(a) through (c) are considered.
(2) They shall be safeguarded when use
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. |This pip-
ing shall be safeguarded when used in other than
Category D Fluid Service

F, paras.

l in other

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
Type of At or Above Listed
Material Minimum Temperature

Column B
Below Listed Minimum
Temperature

Listed nonmetallic
materials

No added requirement

The designer shall have test results at or below the lowest expected service temperature,
which assure that the materials and bonds will have adequate toughness and are suitable
at the design minimum temperature.

Unlisted materials

An unlisted material shall conform to a published specification. Where composition, properties, and product form are
comparable to those of a listed material, requirements for the corresponding listed material shall be met. Other

unlisted materials shall be qualified as required in Column B.
GENERAL NPTE: 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 Maximum
Resin 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
Polyester Glass fiber -29 -20 93 200
Vinyl ester Glass fiber -29 -20 93 200
GENERAL NOTE: These temperature limits apply-only to materials listed and do not reflect evidence of
successful use in specific fluid services at these temperatures. The designer should consult the manufac-
turer for specific applications, particularly’@s the temperature limits are approached.
A323.4.3 Piping Lined With Nonmetals A325 MATERIALS — MISCELLANEOUS
(a). Metallic Piping Lined With Nonmeta.ls. .Fluid service Paragraph 325 applies in its entirety.
requirempnts for the base (outer) material in para. 323.4
govern except as stated in (d) below.
(b) Nowmetallic Piping Iined With Nonmetals. Fluid ser- PART 8
vice requjrements forthe-base (outer) material in para. STANDARDS FOR PIPING COMPONENTS
A323.4.2 povern, except as stated in (d) below. A326 DIMENSIONS AND RATINGS OF
(c) Nonymetalli¢ \Lining Materials. The lining may be COMPONENTS
any matefial that) in the judgment of the user, is suitable .
for the infended service and for the method of manufac- A326.1 Requirements
ture and Doblllbl)' ofthe F;F;“B' Ehitdserviee Ap\iu;l\/ Palaslal.lh 326 cll.)t)}icb Trits cui.hc'L_y C)\L,Cl.l.l thatrefer-

ments in para. A323.4.2 do not apply to materials used
as linings.

(d) Properties of both the base and lining materials,
and of any bond between them, shall be considered
in establishing temperature limitations. Table A323.4.3
gives recommended temperature limits for thermoplas-
tic materials used as linings.

A323.5 Deterioration of Materials in Service
Paragraph 323.5 applies in its entirety.
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ences to Table A326.1 and Appendix B replace references
to Table 326.1 and Appendix A, respectively.

A326.4 Abbreviations in Table A326.1 and
Appendix B

The abbreviations tabulated below are used in this
Chapter to replace lengthy phrases in the text, in the
titles of standards in Table A326.1, and in the Specifica-
tion Index for Appendix B. Those marked with an aster-
isk (*) are in accordance with ASTM D 1600, Standard
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Table A323.4.3 Recommended Temperature Limits for

Thermoplastics Used as Linings

Materials Minimum Maximum
[Note (1)] °C °F °C °F
PFA -198 -325 260 500
PTFE -198 -325 260 500
FEP -198 -325 204 400
ECTEF -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: These temperature limits are based on material tests and do not necessarily reflect
evidence of successful use as piping component linings in specific fluid services at theSe temperatures.
The designer should consult the manufacturer for specific applications, particularly as'temperature limits
are approached.
NOTE:
(1) See para. A326.4 for definitions of materials.
Termfinology for Abbreviated Terms Relating to Plastics. processes itparas. A328, A329, A332, and A334. When
Thosp items marked with a dagger (1) are in accordance ~ any of these processes is used in assembly and erection,
with|ASTM F 412, Standard Terminology Relating to  requirements are the same as for fabrication.
Plastjc Piping Systems.
Abbrgviation Term A328 BONDING OF PLASTICS
ABgt Acrylonitrile-butadiene-styrene plastics Paragraph A328 applies only to joints in th¢rmoplas-
BPS Bonding Procedure Specification . tic, RTR, and RPM piping. Bonding shall cgnform to
CPYC*t Chlorinated poly(vinyl chloride) plastics . .
DRA Dimension ratio paras. A328.1 through A328.7 and the applicable require-
DS Design stress ments of para. A311.
E-CTFE* Ethylene-chlorotrifluoroethylene . e
ETFE* Ethylene-tetrafluoroethylene/copolymer A328.1 Bonding Responsibility
FEPf Perfluoro (ethylene-prgpylene) copolymer Each employer is responsible for the bonding done
Eg ?f Eyjigz:zzz gz:gnn SBfrsel:SStress by personnel of his organization and, except as|provided
P Poylybutylene_l 3 in paras. A328.2.2 and A328.2.3, shall corjduct the
PE* Polyethylerie required performance qualification tests to quallify bond-
PFAK Perfluord,_(alkoxyalkane) ing procedure specifications (BPS) and bonder$ or bond-
PP* Polypropylene ing operators.
PQR Procedure Qualification Record
PR+t PRressure rating A328.2 Bonding Qllaliﬁcations
E\T,}ZEHF ggg;ﬁiﬁgﬁgﬂgglme A328.2.1 Qualification Requirements
PVIDC* Poly(vinylidene chloride) (a) Qualification of the BPS to be used, ahd of the
PVIpF* Poly(vinylidene fluoride) performance of bonders and bonding opefators, is
RPM Reinforced plastic mortar required. To qualify a BPS, all tests and examinations
RTD Reinforced therm i 1 ' - 2= be com-
RTR Reinforced .therm.osettin.g resin pleted successfully.
SDRt Standard dimension ratios e .
SIDRt Standard inside diameter dimension ratio (b) Inaddition to the p rocedure for maklng the bonds,
WPS Welding Procedure Specification the BPS shall specify at least the following;:

A327 GENERAL

PART 9

FABRICATION, ASSEMBLY, AND ERECTION

Piping materials and components are prepared for
assembly and erection by one or more of the fabrication

(1) all materials and supplies (includin
requirements)

(2) tools and fixtures (including proper
handling)

g storage

care and

(3) environmental requirements (e.g., temperature,

humidity, and methods of measurement)
(4) joint preparation

95
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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 e e e e e e ASTM C 599
Threaded PVC Plastic Pipe Fittings, Sch 80. . . . . . . . . . . . . . . i it ASTM D 2464
PVC Plastic Pipe Fittings, Sch 40 . . . . . . . . . e e e ASTM D 2466
PVC Plastic Pipe Fittings, Sch 80 ASTM D 2467
Socket-Typg ABS Plastic Pipe Fittings, Sch 40 . . . . .. ... ... . .. . . . . ASTMD, p468
Thermoplagtic Gas Pressure Pipe, Tubing, and Fittings . . . . . . . ... ... ... ... .. ....... ASTM D p513
Reinforced Epoxy Resin Gas Pressure Pipe and Fittings . . . . . . . . . . . . .. ... . . .. ... ASTM D p517
Plastic Inseft Fittings for PE Plastic Pipe . . . . . . . . . . . . o o i i e e ASTM D P609
Socket-Typg PE Fittings for Outside Diameter-Controlled PE Pipe and Tubing . . . . ... ... ... ... ASTM D p683
CPVC Plastic Hot- and Cold-Water Distribution Systems. . . . . . ... ... ... ... ... ...... ASTM D 2846/D 2846M
Butt Heat Fision PE Plastic Fittings for PE Plastic Pipe and Tubing. . . . . ... ... ... ... ..... ASTM D B261
PB Plastic Hot- and Cold-Water Distribution Systems . . . . . . .. .. ... ... .. . ... ASTM D B309
Fiberglass RTR Pipe Fittings for Nonpressure Applications [Note (1)]. . . . . .. .. ... ... .....Q ASTM D B840
Machine Made “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin) Flanges . . . . . ... .. %. ! ASTM D 4024
Contact Molded Fiberglass RTR Flanges [Note (1)] . . . . . . . . o o i i i i i it e e e e e N ASTM D p421
Fiberglass Rressure Pipe Fittings . . . . . . . . . . o i N ASTM D 5685
PTFE Plastid-Lined Ferrous Metal Pipe and Fittings [Notes 2) and (3)]. . . . . . . . . .8 . % .. ... .. ASTM H 423
Threaded CPVC Plastic Pipe Fittings, Sch 80. . . . . . . . . . . . .. o e\ oL ASTM H 437
Socket-Typg CPVC Plastic Pipe Fittings, Sch 40. . . . . . . .. .. ... . . . . . N oo .. ASTM H 438
CPVC Plastic Pipe Fittings, Schedule 80 . . . . . . . . . . .. . . ... . . . o ASTM H 439
PVDF Plastit-Lined Ferrous Metal Pipe and Fittings [Notes (2) and (3)] . . .. %' . . .. ... ... ... ASTM H 491
Propylene dnd PP Plastic-Lined Ferrous Metal Pipe and Fittings [Notes (2)and 3)] . ... ... ... .. ASTM H 492
FEP Plastic-|ined Ferrous Metal Pipe and Fittings [Notes () and (3)] ~™ . . . . . . . . .. .. ... ... ASTM H 546
PVDC Plastic-Lined Ferrous Metal Pipe and Fittings [Notes (2) andc3)] . . ... ... ... ... ..... ASTM H 599
PFA Plastic{ined Ferrous Metal Pipe and Fittings [Notes (2) and-(3)] . . . . . . . .. ... .. ... ... ASTM H 781
Electrofusign Type PE Fittings for Outside Diameter Controlled-PE Pipe and Tubing. . . . . .. ... ... ASTM F 1055
Plastic-Linefl Ferrous Metal Pipe, Fittings, and Flanges [Notes ) and 3)] . . ... .. .. ... ... .. ASTM F 1545
Plastic Inddstrial Ball Valves [Notes (2) and (3)]. . . .*e v v v v v i i i e e e e e e e e e MSS SR-122
Nonmetalli¢ Pipes and Tubes

PELINEe PIPE . . . . o i i e e e e e e API [15LE
Low Pressufe Fiberglass Line Pipe .t . o o o i i e e e e e e e e e API 15LR
Reinforced Loncrete Low-Head Pressure Pipe . . . . . . . . . . . i ASTM ( 361
Process Gldss Pipe and Fittings . . . . o o o o o e e ASTM ( 599
ABS Plastic| Pipe, Sch 404and/80 . . . . . . . . . e e e e e e e e e ASTM D 1527
PVC Plastic|Pipe, Sch405,80 and 120 . . . . . . . . . . L e e e e ASTM D 1785
PE Plastic Hipe, SChM40/. . . . . . . . e e e e e e e e e e e e ASTM D D104
PE Plastic Hipe (SIDR-PR) Based on Controlled Inside Diameter. . . . . .. ... ... ... .. ASTM D p239
PVC Plastic|Pressure-Rated Pipe (SDR Series) . . . . . v v v i i i it e e e e e e e e e e ASTM D p241
ABS Plasticl Dirr_\n (SDR-PR) ASTM D D282
Classification for Machine-Made RTR Pipe . . . . . . . . . . o i i ittt e ASTM D 2310
PE Plastic Pipe, Sch 40 & 80, Based on Outside Diameter . . . . . . . . . . . .. ... ASTM D 2447
Thermoplastic Gas Pressure Pipe, Tubing, and Fittings . . . . . . ... ... ... ... ... ....... ASTM D 2513
Reinforced Epoxy Resin Gas Pressure Pipe and Fittings . . . . . .. .. ... ... ... .. ... ..... ASTM D 2517
PB Plastic Pipe (SDR-PR). . . . . . v i it e e e e e e e e ASTM D 2662
PB Plastic TUDING. . . . . . o o i e e e e e e e e e e e e e e e ASTM D 2666
Joints for IPS PVC Pipe Using Solvent Cement . . . . . . . . . . i i i ittt e e e e ASTM D 2672
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Table A326.1 Component Standards (Cont’d) (10)
Standard or Specification Designation

Nonmetallic Pipes and Tubes (Cont’d)
PE Plastic TUDING . . . . . . o o e e e e e e e e e e e e e e e e ASTM D 2737
CPVC Plastic Hot- and Cold-Water Distribution System . . . . .. ... ... ... ... ... ....... ASTM D 2846/D 2846M
Filament-Wound Fiberglass RTR Pipe [Note (1)]. . . . . . . . o v it i i e e e e e e e e e e e ASTM D 2996
Centrifugally Cast Fiberglass RTR Pipe . . . . . . . . . . o e e e e e e e et ASTM D 2997
PB Plgstic Pipe (SDR-PR) Based on Outside Diameter. . . . . . . . . . . .o i i i it ASTM D 3000
PE Plasstic Pipe (DR-PR) Based on Controlled Outside Diameter. . . . . . ... .. ... ... ... ... ASTM D 3035
PB Plgstic Hot- and Cold-Water Distribution Systems . . . . . . . . . . .. ... ... . ... . ASTM D 3309
Fiberglass RTR Pressure Pipe [Note (1)]. . . . . . o o i i i it e e e e e e e e e e e e e e e ASTM D 3517
Fiberglass RTR Sewer and Industrial Pressure Pipe [Note (1)]. . . . . . . . . .. . o i it ASTM D 3754
PTFE Hlastic-Lined Ferrous Metal Pipe and Fittings [Notes ) and (3)]. . . . . . . . .. .. .. ... ... A$TM F 423
CPVC Plastic Pipe, Sch 40 and 80 . . . . . . . i i i it e e e e e e e e e e e e e ASTM F 441/F 441M
CPVC Plastic Pipe (SDR-PR) . . . . v i e e e e e e e e e e e e e e e el ASTM F 442 /F 442M
PVDF Plastic-Lined Ferrous Metal Pipe and Fittings [Notes () and 3)] . .. .. .. .. ... ... .(C=N A$TM F 491
Propylene and PP Plastic-Lined Ferrous Metal Pipe and Fittings [Notes (2) and (3)] . . ... ...\ A$TM F 492
FEP Plpastic-Lined Ferrous Metal Pipe and Fittings [Notes () and (3)] . . . . . ... ... . N ..., A$TM F 546
PVDC Plastic-Lined Ferrous Metal Pipe and Fittings [Notes (2) and (3)] . . . . . ... . ~¥C....... A$TM F 599
PFA Plastic-Lined Ferrous Metal Pipe and Fittings [Notes ) and 3)] . . . . . ... /9N . . . .. ... A$TM F 781
Crossljnked Polyethylene/Aluminum/Crosslinked Polyethylene (PEX-AL-PEX) Pressute Pipe . .. ... .. ASTM F 1281
Polyethylene/Aluminum/Polyethylene (PE-AL-PE) Composite Pressure Pipe . . ., .\ .o oo .o L. ASTM F 1282
Polyolpfin Pipe and Fittings for Corrosive Waste Drainage Systems [Notes (2) and (3)]. . . . .. ... .. ASTM F 1412
Plastid-Lined Ferrous Metal Pipe, Fittings, and Flanges [Notes (2) and B)\~%. . . . . . . ... .. ... ASTM F 1545
PVDF forrosive Waste Drainage Systems . . . . . . . . . . . 0N L e ASTM F 1673
Reinfofrced Concrete Pressure Pipe, Steel Cylinder Type, for Water.and Other Liquids . . ... ... ... AWWA C300
Prestrgéssed Concrete Pressure Pipe, Steel Cylinder Type, for Waterand Other Liquids . . . . . ... ... AWWA (301
Reinforced Concrete Pressure Pipe, Noncylinder Type . . . .%NJo oo o oo oo oo oo oo AWWA C302
PVC Pfessure Pipe, 4-inch through 12-inch, for Water. .S, © . . o o o 0o o oo oo oo AWWA C900
Fiberglass Pressure Pipe. . . . . . . . . . o aaN e AWWA C950
Miscellaneous
Contagt-Molded RTP Laminates for Corrosion/Resistant Equipment. . . . . . .. .. ... .. ... .... AYTM C 582
Threads for Fiberglass RTR Pipe (60 degsstub) [Note (1)] . . . . . . . . . . o o i it it ASTM D 1694
Solverit Cements for ABS Plastic Ripe and Fittings . . . . . . . . . ... .. .. ... .. ASTM D 2235
Solvent Cements for PVC Plastic Riping Systems. . . . . . . . . . o i i i i i e e e ASTM D 2564
Joints [for Plastic Pressure Pipes Using Flexible Elastomeric Seals . . . . .. ... ... ... ....... ASTM D 3139
Fiberglass RTR Pipe Joints.Using Flexible Elastomeric Seals [Note (1)] . . . . . . ... ... ... ..... ASTM D 4161
Desigp and Construetion’ of Nonmetallic Enveloped Gaskets for Corrosive Service . . . . ... ... ... A$TM F 336
Solvenit Cements/for, CPVC Plastic Pipe and Fittings . . . . . . . . ... ... . ... . ... A$TM F 493
Taper Pipe Thréads 60° for Thermoplastic Pipe and Fittings . . . . . ... ... ... .. ... .... ASTM F 1498
Metal [Insert-Fittings for Polyethylene/Aluminum/Polyethylene and Crosslinked Polyethylene/Aluminum/

Crogslinked Polyethylene Composite Pressure Pipe. . . . . . . o o i i it i i ittt e e e et ASTM F 1974

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.

NOTES:

(1) The term fiberglass RTR takes the place of the ASTM designation fiberglass (glass-fiber-reinforced thermosetting resin).

(2) This Standard allows the use of unlisted materials; see para. 323.1.2.

(3) This Standard contains no pressure—temperature ratings.
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(5) dimensional requirements and tolerances

(6) cure time

(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 Quallflcatlon by Others Sub]ect
to the spgeifie-a
by otherg may be used prov1ded that

(a) the|Inspector satisfies him/herself that the pro-
posed qyalified BPS has been prepared and executed
by a resppnsible recognized organization with expertise
in the fie|]d of bonding

(b) by pignature, the employer accepts both the BPS
and procedure qualification record (PQR) as his own

(c) the|lemployer has at least one currently employed
bonder who, while in his employ, has satisfactorily
passed a|performance qualification test using the pro-
posed qufalified BPS

A328.2.3 Performance Qualification by Others.
Without the Inspector’s specific approval, an employer
shall not|accept a performance qualification test made
by a bondler or bonding operator for another employer.
If approval is given, it is limited to work on piping using
the same pr equivalent BPS. An employer accepting such
performalnce qualification tests shall obtain a copy of the
performajnce qualification test record from the previous
employe1 showing the name of the employer by whom
the bondér or bonding operator was qualified, the-date
of such qualification, and the date the bonder orbending
operator [last bonded pressure piping under such per-
formance qualification.

A328.1
maintain
or owner
and the
him/her,
fications

A328.
para. A3
BPS and
operator.

.4 Qualification Records. Fhe-employer shall
a self-certified record, available to the owner
s agent and to the Inspeetor, of the BPS used
bonders or bonding 0perators employed by
and showing thedates and results of BPS quali-
hnd bonding performance qualifications.

.5 Qualification Tests. Tests, as specified in
P8.2.1(a),¢shall be performed to qualify each
the performance of each bonder and bonding
Test.assemblies shall conform to (a) below and

(1) When the largest size to be joined is DN 100
(NPS 4) or smaller, the test assembly shall be the largest
size to be joined.

(2) When the largest size to be joined is greater than
DN 100 (NPS 4), the size of the test assembly shall be
between 25% and 100% of the largest piping size to be
joined, 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

standard may be extended. The test is success{ulif
ure initiates outside of any bonded joint.
(c) Hydrostatic Test Method. The test assembly shiall be
subjected to hydrostatic pressure of at least Py fqr not
less than 1 hr with no leakage or separation of jojnts.
(1) For thermoplastics, Py, shall be determined in
accordance with eq. (27)

- ((Ss + Spy)
Pr = 0.80T (—D —= ) (27)
where

D = outside\diameter of pipe

Sy = mean‘long term hydrostatic strength (JTHS)
inDaccordance with ASTM D 2837. Use fwice
the 23°C (73°F) HDB design stress from [Table
B-1 if listed, or use manufacturer’s data,

Ss = mean short term burst stress in accordance
with ASTM D 1599,° from Table B-1 if ljsted,
otherwise from manufacturer’s data

T = nominal thickness of pipe

(2) For RTR (laminated and filament-wound) and
RPM, Pr shall be three times the manufacturer’s allow-
able pressure for the components being joined.

(3) The test shall be conducted so that the|joint
is loaded in both the circumferential and longitudinal
directions.

A328.2.6 Performance Requalification. Renewal of
a bonding performance qualification is required yhen
(a) a bonder or bonding operator has not usefl the
specific bonding process for a period of 6 mo or mdre, or
(b) there is specific reason to question the individlual’s
ability to make bonds that meet the BPS

A328.3 Bonding Materials and Equipment

the test r
or (c).

(a) Test Assembly. The assembly shall be fabricated in
one pipe size in accordance with the BPS and shall con-
tain at least one of each different type of joint identified
in the BPS. More than one test assembly may be prepared
if necessary to accommodate all of the joint types or to
assure that at least one of each joint type is loaded in
both circumferential and longitudinal directions. The
size of pipe and fittings in the assembly shall be as
follows:

i) 1 1 111 M 1 sl bR Lo\
ICUTIUU SlidIl VT LT dLLULUAITILT WILT TIUIKL (U)
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A328.3.1 Materials. Bonding materials that have
deteriorated by exposure to air or prolonged storage, or
will not spread smoothly, shall not be used in making
joints.

® Titles of referenced standards and specifications are listed in
Table A326.1, except ASTM D 1599, Test Method for Resistance to
Short-Time Hydraulic Pressure of Plastic Pipe, Tubing, and Fittings;
ASTM D 2657, Practice for Heat Fusion Joining of Polyolefin Pipe
and Fittings; ASTM D 2855, Practice for Making Solvent-Cemented
Joints with PVC Pipe and Fittings; and ASTM F 1290, Practice for
Electrofusion Joining Polyolefin Pipe and Fittings.
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A328.3.2 Equipment. Fixtures and tools used in
making joints shall be in such condition as to perform
their functions satisfactorily.

A328.4 Preparation for Bonding

Preparation shall be defined in the BPS and shall spec-
ify such requirements as
(a) cutting

A328.5.3 Solvent Cemented Joints in Thermoplastic
Piping °

(a) Preparation. Thermoplastic pipe and fitting sur-
faces shall be prepared in accordance with ASTM D 2855
for PVC, ASTM F 493 for CPVC, and ASTM D 2235 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.

n suitable

(b)_cleaning : B ; .
( [oreheat by Procednre. Joints shalt be made i accordance with
g P 4 ) the qualified BPS. ASTM D 2855 provides

g )) fe? preparation basis for development of such a pro¢edurg. Solvent
e)| fit-up

A328.5 Bonding Requirements

A328.5.1 General

(a)| Production joints shall be made only in accordance
. with|a written bonding procedure specification (BPS)
- that has been qualified in accordance with para. A328.2.
- Mantifacturers of piping materials, bonding materials,
. and Honding equipment should be consulted in the prep-
. aratipn of the BPS.

 (b)] Production joints shall be made only by qualified
- bonders or bonding operators who have appropriate
~ trainjng or experience in the use of the applicable BPS
~ and have satisfactorily passed a performance qualifica-
tion {est that was performed in accordance with a quali-
fied BPS.

(c)] Each qualified bonder and bonding operator shall
be assigned an identification symbol. Unless othetwise
specfed in the engineering design, each pressure con-
taining bond or adjacent area shall be stengiled or other-
wise suitably marked with the identification symbol of
the bpnder or bonding operator. Identification stamping
shall|not be used and any marking)paint or ink shall
not be detrimental to the pipifig) material. In lieu of
marKing the bond, appropridtejrecords may be filed.

(d)] Qualification in one BPS does not qualify a bonder
or bgnding operator for.any other bonding procedure.

(e)| Longitudinal joints are not covered in para. A328.

AB28.5.2 Hot. Gas Welded Joints in Thermoplastic
Piping °
(a)| Preparation. Surfaces to be hot gas welded

together, shall be cleaned of any foreign material. For
butt v 70](‘]0, i—kojr\;r\ing ar']goc shouwld bebeveled at20 ﬂ]og

cements for PVC, CPVC, and ABS shall coanform to
ASTM D 2564, D 2846, and D 2235, respectively]
tion of cement to both surfaces to'be’joined and|assembly
of these surfaces shall produce a continugus bond
between them with visual<evidence of cement at least
flush with the outer end;of the fitting bore afound the
entire joint perimeter.See Fig. A328.5.3.

(c) Branch Conpnections. A fabricated branch connec-
tion shall be made using a manufactured full freinforce-
ment saddle*with integral branch soclket. The
reinforcefent saddle shall be solvent cemented to the
run pipeover its entire contact surface.

Applica-

¢ Piping°®
together

A328.5.4 Heat Fusion Joints in Thermoplast

(a) Preparation. Surfaces to be heat fused
shall be cleaned of all foreign material.

(b) Procedure. Joints shall be made in accordance with
the qualified BPS. The general procedures in|ASTM D
2657, Techniques I — Socket Fusion, II — Bultt Fusion,
and III — Saddle Fusion, provide a suitable| basis for
development of such a procedure. Uniform heating of

both surfaces to be joined and assembly of these surfaces
shall produce a continuous homogeneous bond between
them and shall produce a small fillet of fused material
at the outer limits of the joint. See Fig. A3p8.5.4 for
typical heat fusion joints. Fixtures shall be used to align
components when joints are made.

(c) Branch Connections. A fabricated branch connec-
tion is permitted only where molded fitfings are
unavailable.

A5328.5.5 Electrofusion Joints in Thermoplastic Pip-
ing

(a) Preparation. Surfaces to be heat fused| together

shall be cleaned of all foreign material.

to 40 deg with 1 mm (%, in.) root face and root gap.

(b) Procedure. Joints shall be made in accordance with
the qualified BPS.

(c) Branch Connections. A fabricated branch connec-
tion shall be made by inserting the branch pipe in the
hole in the run pipe. Dimensions of the joint shall con-
form to Fig. 328.4.4 sketch (c). The hole in the run pipe
shall be beveled at 45 deg. Alternatively, a fabricated
branch connection shall be made using a manufactured
full reinforcement saddle with integral socket.
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(b) Procedure. Joints shall be made in accordance with
the qualified BPS. The general procedures in ASTM F
1290, Technique I — Coupling Procedure and Technique
II — Saddle Procedure provide a suitable basis for the
development of such a procedure. See Fig. A328.5.5.

A328.5.6 Adhesive Joints in RTR and RPM Piping
(a) Procedure. Joints shall be made in accordance with
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
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Fig. A328.5 Typical Plastic Piping Joints
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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
of the hole shall be sealed with adhesive at the time the
saddle is bonded to the run pipe.

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.

(b) Flaring which conforms to para. A329.2 may be

AL28.5.7 Butt-and-Wrapped Joints in RTR and RPM
Piping °

(a)| Procedure. Joints shall be made in accordance with
the gualified BPS. Application of plies of reinforcement
saturpted 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
servife fluid. See Fig. A328.5.7.

(b)| Branch Connections. For a fabricated branch con-
nectipn made by inserting the branch pipe into a hole
in the run pipe, the hole shall be made with a hole saw.

A328

Defective material, joints, and other workmanship
that fails to meet the requirements of this Code and of
the engineering design shall be repaired or replaced. See
also para. 341.3.3.

.6 Bonding Repair

A328.7 Seal Bonds

If threaded joints are to be seal bonded in accordance
with [para. A311.2.2, the work shall be done by qualified
bonders and all exposed threads shall be covered by the
seal bond.

A329 FABRICATION OF PIPING LINED WITH

NONMETALS
A329.1 Welding of Metallic Piping

A329.1.1 General

(a)| Paragraph A329:1\applies only to welding subas-
semMblies of metallic/piping that have previously been
lined| with nonmetals.

(b)] Welding svhich conforms to para. A329.1 may be
used|in accordance with para. A318.3.1.

Welding

following additional requirements:

(a) Modifications made in preparation for welding to
suit manufacturer’s recommendations shall be specified
in the engineering design.

(b) Welding shall be performed so as to maintain the
continuity of the lining and its serviceability.

(c) If a lining has been damaged, it shall be repaired
or replaced.

(d) Qualification to one WPS for a specific lining
material does not qualify a welder or welding operator
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used in accordance with para. A318.3.2.

(c) Flaring shall be performed only in accordance with
a written flaring procedure specification,) angl only by
qualified operators who have appropriate tfaining or
experience in the use of the appli¢able flaring procedure
specification.

A332 BENDING AND<FORMING

A332.1 General
Paragraph 332(lyapplies in its entirety.

A332.2 Bending
Paragraph 332.2 applies, except para. 332.2,

A332.3 Forming

Paragraph 332.3 applies, except for heat trgatment.

A334 JOINING NONPLASTIC PIPING
A334.1 Borosilicate Glass Piping

Short unflanged pieces used to correct for differences
between fabrication drawings and field dimengions may
be cut to length and finished in the field.

A334.2 Repair of Defects

Defective material, joints, and other workmj
nonplastic piping that fail to meet the requir
para. A334 or of the engineering design shall b
or replaced.

Completed repairs and replacements shall
ined, subject to the same limitations on imp
as the original work.

anship in
bments of
b repaired

be exam-
prfections

A335 ASSEMBLY AND ERECTION

Alignmen

Paragraph 335.1 applies in its entirety.

A335.2 Flanged and Mechanical Joints
Paragraph 335.2 applies in its entirety.

A335.2.5 Nonmetallic Bolted Joints
(a) Bolted joints in nonmetallic piping may be assem-
bled with any combination of flange material and flange
facings, except that the following apply when other than
flat face flanges and full face gaskets are used:
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(1) consideration shall be given to the strength of
the flanges, and to sustained loads, displacement strains,
and occasional loads described in paras. A302.3.4 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.
(c) Flat washers shall be used under bolt heads and

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.

(b) Any lubricant used to facilitate joint assembly
shall be compatible with the joint components and the
intended service.

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 mainfaining electrical continuity between pipe sec-
tions, where static sparking could cause ignition of flam-
mable vapors. See Appendix F, para. FA323.4(a).

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 sedl bonded shall be made up without thread
compound. A joint containing thread compound which
leaks durjing leak testing may be seal bonded in accor-
dance with para. A328.6, provided all compound is
removed |from exposed threads.

A335.B.4 Tools, Nonmetallic Piping. Either strap
wrencheq or other full circumference wrenches shall be
used to fighten threaded pipe joints. Tools and other
devices ysed to hold or apply forces to the pipe“shall
be such that the pipe surface is not scored or deeply
scratched).

A335]3.5 RTR and RPM Piping. ;In assembling
threaded|joints in RTR and RPM piping, where threads
may be exposed to fluids which can attack the reinforc-
ing matetial, threads shall be'coated with sufficient resin
to cover the threads and ‘completely fill the clearance
between fhe pipe and-the fitting.

A335.4 Tubing Jeints

A335.44.1CFlared Joints in Thermoplastic Tubing.
Paragraph 335.4.1 applies.

{c) Proper joint clearances and piping restraints {if not
integral in the joint design) shall be provided to‘prpvent
joint separation when expansion can occur.due to|ther-
mal and/or pressure effects.

A335.8 Assembly of Brittle Piping

A335.8.1 General. Careshall be used to avoid
scratching of brittle nonmetallic\piping in handling and
supporting. Any scratched’or'chipped componentg shall
be replaced. Care shall be~used in handling glassilined
and cement-lined metal pipe because the lining chn be
injured or broken{by blows that do not dent or preak
the pipe.

A335.8.2 Borosilicate Glass Piping. In addition to
the precaution 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 cushion inserts shall be carefully fitted and aljgned
to pipe, fittings, and valve ends. Gaskets shall be ¢f the
construction recommended for the joint. Installatioh and
torquing of bolts shall be in accordance with the manu-
facturer’s recommendations.

A335.9 Cleaning of Piping
See Appendix F, para. F335.9.

PART 10
INSPECTION, EXAMINATION, AND TESTING

A340 INSPECTION
Paragraph 340 applies in its entirety.

A341 EXAMINATION

A335.4.2 Flareless and Compression Tubing Joints.
Paragraph 335.4.2 applies.

A335.5 Caulked Joints
Paragraph 335.5 applies.

A335.6 Special Joints

Paragraph 335.6 applies, except that expanded joints
are not permitted.

A341.1 General
Paragraph 341.1 applies.

A341.2 Responsibility for Examination
Paragraph 341.2 applies in its entirety.

A341.3 Examination Requirements

A341.3.1 Responsibility for Examination. Para-
graph 341.3.1 applies, except for (a) and (b), which apply
only for metals.

(10)
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Table A341.3.2 Acceptance Criteria for Bonds

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

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

Not applicable
Not applicable

Cement, 50%

Not applicable Not applicable

Not applicable Not applicable

Fused material, 25%  Adhesivey 25%

NOTE:

AB41.3.2 Acceptance Criteria. Acceptance criteria
shall[be as stated in the engineering design and shall
at legst meet the applicable requirements for bonds in
Tabld A341.3.2 and requirements elsewhere in the Code.

A341.3.3 Defective Components and Workmanship.
Paragraph 341.3.3 applies in its entirety.

AB41.3.4 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. Acceptarice criteria are as stated in
para] A341.3.2 unless othetwise specified.

(a)| Visual Examination.\At least the following shall be
exanjined in accordance with para. 344.2:

1) materialsfand components in accordance with
para/341.4.1(a)¢h).

2) at least’5% of fabrication. For bonds, each type
. of bgnd made by each bonder and bonding operator
- shall|be-represented.

(1) RTR = reinforced thermosetting resin; RPM = reinforced plastic mortar.

(c) Cettifications and Records. Paragraph B41.4.1(c)
applies.

A341.4.2 Examination — Category D Fluid [Service.
Piping and piping elements for Category D Flujid Service
as designated in the engineering design shall be visually
examined to the extent necessary to satisfy thelexaminer
that components, materials, and workmanship conform
to the requirements of this Code and the enlgineering
design.

A341.5 Supplementary Examination

A341.5.1 General. Any applicable method of exam-
ination described in para. 344 may be specified by the
engineering design to supplement the examination
required by para. A341.4. The extent of supplementary
examination to be performed and any acceptanie criteria
that differ from those in para. A341.3.2 shall bq specified
in the engineering design.

A341.5.2 Examinations to Resolve Unceitainty.
Paragraph 341.5.3 applies.

A342 EXAMINATION PERSONNEL

B \3/\ 100“0 Uf lcdbl i\.dtiUll fUl 1l.}k}l ldb Utl ICI t} dlt Lil\. U=
- ferential, except those in components made in accor-
© dance with a listed specification.
7 (4) assembly and erection of piping in accordance
- with paras. 341.4.1(a)(4), (5), and (6).
. (b) Other Examination. Not less than 5% of all bonded
joints shall be examined by in-process examination in
accordance with para. 344.7, the joints to be examined
being selected to ensure that the work of each bonder
and bonding operator making the production joints is
examined.

Paragraph 342 applies in its entirety.

A343 EXAMINATION PROCEDURES
Paragraph 343 applies in its entirety.

A344 TYPES OF EXAMINATION

A344.1 General
Paragraph 344.1 applies in its entirety.
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A344.2 Visual Examination
Paragraph 344.2 applies in its entirety.

A344.5 Radiographic Examination

Radiographic examination may be used in accordance
with para. 344.1.2.

A344.6 Ultrasonic Examination

Ultrasonic examination may be used in accordance

nonmetallic piping system shall be not less than 1.5
times the design pressure, but shall not exceed 1.5 times
the maximum rated pressure of the lowest-rated compo-
nent in the system.

(b) Thermoplastic Piping. For piping systems in which
the design temperature is above the test temperature,
para. 345.4.2(b) applies, except that S and St shall be
from Table B-1 instead of A-1.

(c) Metallic Piping with Nonmetallic Lining. Paragraph

with parg—34412-
A344.7 In-Process Examination
Paragraph 344.7 applies in its entirety.

A345 TESTING
A345.1 Required Leak Test

(a) Prigr to initial operation, each piping system shall
be tested|to ensure tightness. The test shall be a hydro-
static leak test in accordance with para. A345.4, except
as provided herein.

(b) Parpgraphs 345.1(a) and (b) apply.

A345.2 General Requirements for Leak Test
Requirgments in para. A345.2 apply to more than one
type of lqak test.
A3452.1 Limitations on Pressure.
345.2.1(b) and (c) apply.

A345.2.2 Other Test Requirements

(a) Parpgraph 345.2.2(a) applies.

(b) The possibility of brittle fracture shall be consid-
ered when conducting leak tests on brittle materials or
at low temperature.

(c) Parpgraphs 345.2.3 through 345.2.7)apply.

A345.3 Preparation for Leak Test

Paragraph 345.3 applies in (its) entirety, considering
bonds in place of welds, and &x¢luding expansion joints.

A345.4 Hydrostatic Leak-Test
A345.4.1 Test Fluid-” Paragraph 345.4.1 applies.

A345.41.2 Test Pressure
(a) Nowmetallic* Piping. Except as provided in para.
A345.4.3,|the-hydrostatic test pressure at any point in a

Paragraphs

540.4.2 applies.

A345.4.3 Hydrostatic Test of Piping With Vess¢ls as
a System. Paragraph 345.4.3 applies.

A345.5 Pneumatic Leak Test

A345.5.1 Precautions. Incaddition to the require-
ments of para. 345.5.1, a pneumatic test of nonme¢tallic
piping is permitted only“with the owner’s appfoval,
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 pneumatjically
tested.

A345.6 Hydrostatic-Pneumatic Leak Test

If a combined hydrostatic-pneumatic leak test isused,
the requirements of para. A345.5 shall be met, and the
pressure in the liquid-filled part of the piping shall not
exceed the values calculated in accordance with |para.
A345.4.2 or 345.4.2, as applicable.
A345.7 Initial Service Leak Test

Paragraph 345.7 applies in its entirety for Cat¢gory
D Fluid Service only.
A345.8 Sensitive Leak Test

Paragraph 345.8 applies.

A346 RECORDS

Paragraph 346 applies in its entirety.
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Chapter VIII
Piping for Category M Fluid Service

M300 GENERAL STATEMENTS

detrimental vibration, pulsation, or resonance effects in

(a)] Chapter VIII pertains to piping designated by the
owngr as being in Category M Fluid Service. See also
Appéndix M.

(b)] The organization, content, and paragraph desig-
nations of this Chapter correspond to those of the base
Codd (Chapters I through VI) and Chapter VII. The
prefix 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 (see Appendix G, para.
G30013) in addition to the safeguards already provided
(paras. G300.1 and G300.2).

(e)] This Chapter makes no provision for piping to be
used|under severe cyclic conditions. The occurrence of
such|conditions can ordinarily be circumvented by pip-
ing lpyout, component selection, and other means. If
this is not feasible, the engineering design shall specify
any hecessary provisions in accordance with para.
300(q)(5).

(f)|Chapter I applies in its entirety.

PART 1
CONDITIONS AND CRITERIA

M30[L DESIGN CONDITIONS

Patragraph 301 applies in its-entirety, with the excep-
tions| of paras. 301.3 and 301:57 See paras. M301.3 and
M301.5.

M301.3 Design Temperature, Metallic Piping

Use 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
expetiméntal measurements.

the piping.

M302 DESIGN CRITERIA

M302.1 General

Paragraph M302 pertains to pressure—temperature
ratings, stress criteria, (design allowances, and pninimum
design values, together with permissible varjations of
these factors as applied to piping design.

Paragraph 802 applies in its entirety, with the excep-
tion of pazas/) 302.2 and 302.3. See paras. MB02.2 and
M302.3:

M302.2 Pressure-Temperature Design Criteflia

Paragraph 302.2 applies in its entirety, with the excep-
tion of paras. 302.2.4 and 302.2.5. See paras.|M302.2.4
and M302.2.5.

M302.2.4 Allowance for Pressure and Temperature
Variations, Metallic Piping. Use of allowancgs in para.
302.2.4 is not permitted. Design temperature fand pres-
sure shall be based on coincident pressure-tetnhperature
conditions requiring the greatest wall thickngss or the
highest component rating.

M302.2.5 Ratings at Junction of Different| Services,
Metallic Piping. When two services that operpte at dif-
ferent pressure-temperature conditions are cpnnected,
the valve segregating the services shall be ratpd for the
more severe service condition.

M302.3 Allowable Stresses and Other Stress Limits
for Metallic Piping

M3015DBynamicEffects
Paragraph 301.5 applies with the exception of paras.
301.5.1 and 301.5.4. See paras. M301.5.1 and M301.5.4.

M301.5.1 Impact. Design, layout, and operation of
piping shall be conducted so as to minimize impact
and shock loads. In the event that such loadings are
unavoidable, para. 301.5.1 applies.

M301.5.4 Vibration. Suitable dynamic analysis,
such as computer simulation, shall be made where nec-
essary to avoid or minimize conditions which lead to

Paragraph 302.3 applies in its entirety, with the excep-
tion of para. 302.3.2. See para. M302.3.2.

M302.3.2 Bases for Allowable Stresses. The
designer shall fully document the basis for using any
stress limit not in accordance with the stress Tables in
Appendix A.

M302.4 Allowances
Paragraph 302.4 applies in its entirety.
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PART 2
PRESSURE DESIGN OF METALLIC PIPING
COMPONENTS

M303 GENERAL
Paragraph 303 applies in its entirety.

M304 PRESSURE DESIGN OF METALLIC
COMPONENTS

M306.4 Fabricated or Flared Laps

M306.4.1 General. The following requirements do
not apply to fittings conforming to para. M306.1, nor to
laps integrally forged on pipe ends. Paragraph 306.4.1
applies.

M306.4.2 Flared Laps. A flared lap shall meet the
requirements of para. 306.4.2. In addition,
(a) pipe size shall be less than or equal to DN 100

Paragraph 304 applies in its entirety.

PART 3
FLUID [SERVICE REQUIREMENTS FOR METALLIC
PIPING COMPONENTS

M305 PIPE
M305.1 General

Listed [pipe may be used in accordance with para.
M305.2. Unlisted pipe may be used only as provided in
para. 302|2.3.

M305.2 Specific Requirements for Metallic Pipe

Pipe listed in para. 305.2.2 shall not be used. The
provision| for severe cyclic conditions in para. 305.2.3
does not japply [see para. M300(e)].

M306 ETALLIC FITTINGS, BENDS, MITERS,
PS, 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 inrsuch
componehts shall be suitable for the manufacturing pro-

Paragraph 306.1 applies in its erjtirety, with the excep-
tion of pafa. 306.1.3. See para. M306.1.3 below. The provi-
sion for gevere cyclic conditions in para. 306.1.4 does
not apply [see para. M300¢e)].

M306.1.3 Specific(Fittings. The following shall not
be used:

(a) fittings conforming to MSS SP-43 and MSS SP-119

(b) proprietary “Type C” lap-joint stub-end butt weld-
ing fittings

(NPS 2), with wall thickness before flaring greafey than
or equal to the value of T for Schedule 105
(b) pressure-temperature rating shall be,less thian or
equal to that of an ASME B16.5 Class150; Groyp 1.1
flange
(c) service temperature shall be,<204°C (400°F

M306.5 Fabricated Branch Connections

The following requiremients do not apply to fittings
conforming to para. M306.1. Paragraph 306.5.1 applies,
with the following exceptions:

(a) Of the metheds listed in para. 304.3.1(a), thp one
in subpara. (3)ymay be used only if those in (1) and (2)
are unavailable.

(b) Ofithe branch connections described in garas.
304.3.2(b) and (c), those having threaded outlets ar¢ per-
mitted “only in accordance with para. M314 and |those
having socket welding outlets are permitted or|ly in
accordance with para. M311.2.

M306.6 Closures

The following requirements do not apply to |lind
flanges or to fittings conforming to para. M306J1. Of
the closures described in para. 304.4, flat closutes in
accordance with the BPV Code, Section VIII, Division
1, UG-34 and UW-13, and conical closures without{tran-
sition knuckles [UG-32(g) and UG-33(f)], may be|used
only if others are not available. The requirements in
M306.5 apply to openings in closures [see also [para.
304.4.2(b)].

M307 METALLIC VALVES AND SPECIALTY
COMPONENTS

The following requirements for valves shall also be
met as applicable by other pressure containing pliping

M306.2 Pipe Bends

Paragraph 306.2 applies, except that bends in accor-
dance with para. 306.2.2 shall not be used and para.
306.2.3 does not apply [see para. M300(e)].

M306.3 Miter Bends

A miter bend shall conform to para. 306.3.1 and shall
not make a change in direction at a single joint (angle
ain Fig. 304.2.3) greater than 22.5 deg. Paragraph 306.3.3
does not apply [see para. M300(e)].

components, such as strainers and separators. See also
Appendix F, para. F307.
M307.1 General

Paragraph 307.1 applies, subject to the requirements
in para. M307.2.
M307.2 Specific Requirements

(a) Valves having threaded bonnet joints (other than
union joints) shall not be used.
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(b) Only metallic valves conforming to the following
requirements may be used:

(1) Special consideration shall be given to valve
design to prevent stem leakage to the environment.

(2) Bonnet or cover plate closures shall be: flanged,
secured by at least four bolts with gasketing conforming
to para. 308.4; or proprietary, attached by bolts, lugs, or
other substantial means, and having a gasket design that
increases gasket compression as fluid pressure increases;

or sepured withra futt-penetration wetd Tmade fmaccor-———M3TT.2Specific Requirements

dancg with para. M311; or secured by a straight thread
suffigient for mechanical strength, a metal-to-metal seat,
and § seal weld made in accordance with para. M311,
all aqting in series.

3) Body joints, other than bonnet or cover plate
jointg, shall conform to para. M307.2(b)(2).

M308 FLANGES, BLANKS, FLANGE FACINGS, AND
GASKETS

Paragraph 308.1 applies in its entirety.

M308.2 Specific Requirements for Metallic Flanges

Paragraph 308.2.4 does not apply [see para. M300(e)].
The following shall not be used:

(a)| single-welded slip-on flanges

(b)| expanded-joint flanges

(c)| slip-on flanges used as lapped flanges unless the
requirements in para. 308.2.1(c) are met

(d)| threaded metallic flanges, except those employing
lens fings or similar gaskets and those used in, lihed
pipe where the liner extends over the gasket face

M308.3 Flange Facings
Patagraph 308.3 applies.

M308.4 Gaskets
Patagraph 308.4 applies.

M308.5 Blanks
All blanks shall be rharked with material, rating,

and gize.

M30p BOLTING

Paragraph.809 applies, except for para. 309.2.4 [see
para| M300(e)].

M311.1 General

Paragraph 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 not permitted.

(c) Examination shall be in accordance with para.
M341.4.

Paragraphs 311.2.3(a); 311.2.4(a), (b), and (d); 311.2.5;
and 311.2.6 apply.

M312 FLANGED JOINTS IN METALLIC PIPING
Paragraph 312 applies in its/entirety.

M313 EXPANDED_JOINTS IN METALLIC PIPING
Expanded joints shall not be used.

M314 THREADED JOINTS IN METALLIC PIPING
M314.1\'General
Paragraphs 314.1(a), (b), and (c) apply.

M314.2 Specific Requirements

M314.2.1 Taper-Threaded Joints. Paragraph 314.2.1
applies except that only components suitable f¢r Normal
Fluid Service in sizes 8 < DN < 25 (% < NP$ < 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. Phragraph
314.2.2 applies. In addition, components shall have ade-
quate mechanical strength and the joint shdll have a
confined seating surface not subject to relative rotation
as or after the joint is tightened. [See Fig. 335.3.B 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 %
FLUID SERVICE REQUIREMENTS FOR METALLIC
PIPING JOINTS

M310 METALLIC PIPING, GENERAL
Paragraph 310 applies in its entirety.

M311 WELDED JOINTS IN METALLIC PIPING

Welded joints may be made in any metal for which
it is possible to qualify welding procedures, welders,
and welding operators in accordance with para. M328.

Caulked joints shall not be used.

M317 SOLDERED AND BRAZED JOINTS

Soldered, brazed, and braze welded joints shall not
be used.

M318 SPECIAL JOINTS IN METALLIC PIPING

Paragraph 318 applies, with the exception that adhe-
sive joints and bell type joints shall not be used.
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PART 5
FLEXIBILITY AND SUPPORT OF METALLIC PIPING

M319 FLEXIBILITY OF METALLIC PIPING

Paragraph 319 applies, with the exception that the
simplified rules in para. 319.4.1(c) do not apply.

M321 PIPING SUPPORT

M323.3 Impact Testing Methods and Acceptance
Criteria

Paragraph 323.3 applies in its entirety.
M323.4 Fluid Service Requirements for Metallic
Materials
Paragraph 323.4.1 applies.

M323.4.2 Specific Requirements. Paragraph 323.4.2

Paragr ph 321 apphpQ except that supporting ele-

ments shill be of listed material.

PART 6
SYSTEMS

M322 S$PECIFIC PIPING SYSTEMS
M322.3

Paragraph 322.3 applies, with the exception that, for
signal linjes in contact with process fluids and process
temperatfire—pressure conditions

~ (a) tubfng shall be not larger than 16 mm (% in.) O.D.
“and shall[ be suitable for the service
~ (b) an fccessible block valve shall be provided to iso-
* late the tpibing from the pipeline

~ (c) joirfing methods shall conform to the requirements
" of paras.[315.1 and 315.2

nstrument Piping

ng322.6 Pressure Relieving Systems

Paragraph 322.6 applies, except for para. 322.6.3. See
para. M3p2.6.3.

M322{6.3 Overpressure Protection. For metallic
piping, the design pressure may be exceeded by-tigmore
than 10% during operation of a pressure relieving
system.

PART 7
METALLIC MATERIALS

M323 GENERAL REQUIREMENTS
M323.1 Materials and Specifications

Paraggaphs 323.1/1 and 323.1.2 apply. See paras.
M323.1.3|and M323:T4.

M323.1.3<Unknown Materials. Materials of
unknowr] specification shall not be used.

applies, except that cast irons other than ductilg iron
shall not be used for pressure-containing partsyand lead
and tin shall be used only as linings.

M323.4.3 Metallic Cladding and Lining Materials.
In addition to the requirements of para.’ 323.4.3, where
materials covered in paras. 323.42(¢)(2) and 323.4{3 are
used as cladding or lining in_which the claddihg or
lining also serves as a gasket'or as part of the flange
facing, consideration shallbe given to the design ¢f the
flanged joint to prevent leakage to the environment.

M323.5 Deterioration of Materials in Service
Paragraph 3235 applies in its entirety.

M325 ~ MATERIALS — MISCELLANEOUS
M325.1 Joining and Auxiliary Materials

In applying para. 325, materials such as solvients,
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
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 restrictions stated elsewhere in
Chapter VIII, components made in accordance|with
standards and specifications listed in Table 326.1 may

M323.1T.4 Reclaimed Metattic Materfals. Reclaimed
materials may be used when the material certification
records are available for the specific materials employed,
and the designer is assured that the material is sound
and free from harmful defects.

M323.2 Temperature Limitations

Paragraph 323.2 applies with the exception that, in
regard to lower temperature limits, the relaxation of
minimum temperature limits stated in Note (3) of
Table 323.2.2 is not permitted.

1 1 Pl AA .
DC uscd II1 \,alcg(ﬂy IVl SEIVICE.

M326.1.2 Unlisted Piping Components. Dimensions
of unlisted components shall be governed by require-
ments in paras. 303 and 304.

M326.2 Ratings of Components

Paragraph 326.2 applies in its entirety.

M326.3 Reference Documents
Paragraph 326.3 applies in its entirety.
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PART 9
FABRICATION, ASSEMBLY, AND ERECTION OF
METALLIC PIPING

M327 GENERAL

Metallic piping materials and components are pre-
pared for assembly and erection by one or more of
the fabrication processes in paras. M328, M330, M331,
and M332. When any of these processes is used in assem-

M335.3.4 Condition of Threads. 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 conformance with ASME B1.20.1 or other applicable
standards.

M335.4 Tubing Joints
M335.4.1 Flared Tubing Joints. The requirements of

bly 3
fabri

| 42 £ £1o £
o erecrroy reqtremeeSare T e—Samc—aS ot

ration.

M32

W4
and

B WELDING OF METALS

lding shall be in accordance with paras. M311.1
28, except see para. M328.3.
M328.3 Welding Materials

Pa
back

ragraph 328.3 applies in its entirety, except that split
ng 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.

D PREHEATING OF METALS
ragraph 330 applies in its entirety.

M33
Pa

1 HEAT TREATMENT OF METALS

fagraph 331 applies in its entirety, with the ekcep-
that no requirements less stringent than“those of
331.1.1 shall be specified.

M33

Pa
tion
Tabld

M332 BENDING AND FORMING OF METALS

Paragraph 332 applies in its entirety, except that bend-
ing which conforms to para.332:2.3 is not permitted.

5 ASSEMBLY AND. ERECTION OF METALLIC
PIPING

M335.1 General

M335.1.1CAlignment. In addition to the require-
ments of parar 335.1.1, any bending or forming required
for alignment and fit-up shall be heat treated if required
by paral 3324

M33

para. 335.4.1 apply; however, see para. M322 for limita-
tions associated with specific piping systems

M335.4.2 Flareless and CompressionTubing Joints.
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 shaltbein accordance with pajras. M318
and 335.6.1.

M335.9 Cleaning of Piping

See Appendix F, para. F335.9.

PART 10
INSPECTION, EXAMINATION, TESTING,
RECORDS OF METALLIC PIPING

INSPECTION

AND

M340
Paragraph 340 applies in its entirety.

M341 EXAMINATION

Paragraphs 341.1, 341.2, 341.3, and 341.5 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 Examination
(1) All fabrication shall be examined.
(2) All threaded, bolted, and other m
joints shall be examined.
(b) Other Examination

bllowing

bchanical

M335.2 Flanged Joints
Paragraph 335.2 applies in its entirety.

M335.3 Threaded Joints
Paragraphs 335.3.1 and 335.3.2 apply. See paras.
M335.3.3 and M335.3.4.

M335.3.3 Straight-Threaded Joints. The require-
ments of para. 335.3.3 are subject to the limitations in
para. M322.

109

(1/\ The Laudmu deiugla})hy /' uli.labuuiL examina-
tion requirements of para. 341.4.1(b)(1) apply except that
at least 20% of circumferential butt and miter welds and
of fabricated lap and branch connection welds compara-
ble to those shown in Figs. 328.5.4E and 328.5.5 sketches
(d) and (e) shall be examined.

(2) The in-process examination alternative permit-
ted in para. 341.4.1(b)(1) may be specified on a weld-
for-weld basis in the engineering design or by the Inspec-
tor. It shall be supplemented by appropriate nondestruc-
tive examination.
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M342 EXAMINATION PERSONNEL
Paragraph 342 applies.

M343 EXAMINATION PROCEDURES
Paragraph 343 applies.

M344 TYPES OF EXAMINATION

MA302.3 Allowable Stresses and Other Design
Limits
Paragraph A302.3 applies, with the exception of para.
A302.3.2. See para. MA302.3.2.

MA302.3.2 Bases for Allowable Stress. The
designer shall fully document the bases for using any
stress or allowable pressure limit not in accordance with
both para. A302.3.2 and the Tables in Appendix B.

Paragraph 344 applies in its entirety.

M345 TESTING

Paragr.
(a) asd
shall be
345.1) an
(b) the

apply

hph 345 applies in its entirety, except that
nsitive leak test in accordance with para. 345.8

included in the required leak test (para.
il
initial service leak test (para. 345.7) does not

M346 RECORDS

Paragraph 346 applies in its entirety.

PARTS 11 THROUGH 20,
CORRESPONDING TO CHAPTER VII

See pata. M300(b).

MA300 | GENERAL STATEMENTS

Paragraphs MA300 through MA346 apply to nonme-
tallic piping and piping lined with nonmtetals, based on
Chapter VII. Paragraph A300(d) applies.

PART 11

CONDITIONS AND CRITERIA
MA301 | DESIGN CONDITIONS

Paragraph A301 applies in its entirety.

MA302 | DESIGN CRITERIA

MA302.4 Allowances
Paragraph 302.4 applies in its entirety.

PART 12
PRESSURE DESIGN OF NONMETALLIC PIPING
COMPONENTS

MA303 GENERAL
Paragraph A303 applies.

MA304 PRESSURE DESIGN OF NONMETALLIC
COMPONENTS

Paragraph A304 applies in its entirety.

PART 13
FLUID SERVICE REQUIREMENTS FOR NONMETALLIC
PIPING COMPONENTS

MA305 PIPE

Paragraph A305 applies without further restricfions.

MA306 NONMETALLIC FITTINGS, BENDS, MIT|
LAPS, AND BRANCH CONNECTIONS

Paragraphs A306.1 and A306.2 apply without fu
restrictions. See para. MA306.3.

ERS,

rther

MA306.3 Miter Bends

Miter bends not designated as fittings conforming to
para. A306.1 shall not be used.

MA306.4 Fabricated Laps

Paragraphs A302.1 and A302.4 apply. See paras.
MA302.2 and MA302.3.

MA302.2 Pressure-Temperature Design Criteria

Paragraph A302.2 applies, with the exception of para.
A302.2.4. See para. MA302.2.4.

MA302.2.4 Allowances for Pressure and Temperature
Variation. Paragraph A302.2.4(a) applies to both non-
metallic piping and to metallic piping with nonmetallic
lining.
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Fabricated laps shall not be used.

MA306.5 Fabricated Branch Connections

Nonmetallic fabricated branch connections shall not
be used.

MA307 VALVES AND SPECIALTY COMPONENTS

Paragraph A307 applies, except nonmetallic valves
and specialty components shall not be used.
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MA308 FLANGES, BLANKS, FLANGE FACINGS, AND
GASKETS

Paragraphs A308.1, 308.3, and A308.4 apply without
further restrictions. See para. MA308.2.

MA308.2 Nonmetallic Flanges

Threaded nonmetallic flanges shall not be used.

PART 15
FLEXIBILITY AND SUPPORT OF NONMETALLIC
PIPING

MA319 PIPING FLEXIBILITY
Paragraph A319 applies in its entirety.

MA321 PIPING SUPPORT

Paragravh A321 anpnlies in its entirety
o rr J

MA3D9  BOLTING

Paragraph A309 applies without further restrictions. PART 16

NONMETALLIC AND NONMETALLIC LINED §YSTEMS
PART 14 MA322 SPECIFIC PIPING SYSTEMS
FLUID SERVICE REQUIREMENTS FOR NONMETALLIC
PIPING JOINTS Paragraph A322 applies in\its entirety.

MA3110 GENERAL PART 17

Pafagraph 310 applies in its entirety. NONMETALLIC MATERIALS

MA3

MA3
P

11 BONDED JOINTS

11.1 General
ragraph A311.1 applies in its entirety.

o)

MA3

Hqg
adhd
linin,

11.2 Specific Requirements

t gas welded, heat fusion, solvent cemented, and
sive bonded joints are not permitted except in
S,

MA3
P

12 FLANGED JOINTS
ragraph 312 applies in its entirety.

)

MA3
Ex

13 EXPANDED JOINTS

banded joints shall not-be’/used.

MA3[14 THREADED,JOINTS
MA314.1 General

Thireaded §eints shall not be used in nonmetallic
piping.

MA323 GENERAL REQUIREMENTS

Paragraphs)A323.1 and A323.2 apply in their entirety.
See para. MA323.4.

MA323:4 Fluid Service Requirements for Nopmetallic

Materials

Paragraph A323.4.1 applies. See paras. MA3
MA323.4.3.

MA323.4.2 Specific Requirements. P
A323.4.2 applies, except that materials list
paras. A323.4.2(a), (b), and (d) may be use
linings. Thermoplastics may be used as gasket
dance with paras. M325.1 and MA323.4.3.

MA323.4.3 Nonmetallic Lining Materials.
material in para. A323.4.2 is used as a linihg which
also serves as a gasket or as part of the flange facing,
consideration shall be given to design of the flanged
joint to prevent leakage to the environment.

P3.4.2 and

hragraph
bd under
1 only as
b in accor-

Where a

PART 18
STANDARDS FOR NONMETALLIC AND
NONMETALLIC LINED PIPING COMPONENTS

MA326 DIMENSIONS AND RATINGS OF
COMPONENTS

MA315 TUBING JOINTS IN NONMETALLIC PIPING
Paragraph A315 applies in its entirety.

MA316 CAULKED JOINTS
Caulked joints shall not be used.

MA318 SPECIAL JOINTS
Paragraph A318 applies in its entirety.

111

Paragraph A326 applies in its entirety. Table A326.1
applies, except for components and systems prohibited
or restricted elsewhere in this Chapter.

PART 19
FABRICATION, ASSEMBLY, AND ERECTION OF
NONMETALLIC AND NONMETALLIC LINED PIPING

MA327 GENERAL
Paragraph A327 applies.
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MA328 BONDING OF PLASTICS
Paragraph A328 applies in its entirety.

MA329 FABRICATION OF PIPING LINED WITH
NONMETALS

Paragraph A329 applies in its entirety.

MA332 BENDING AND FORMING

MA341.2 Extent of Required Examination

Paragraph A341.4.1 applies, except:
(a) Visual Examination
(1) All fabrication shall be visually examined.
(2) All bolted and other mechanical joints shall be
examined.

MA34?2 EXAMINATION PERSONNEL

Paragraph A332 applies.

MA334
Paragr

JOINING NONPLASTIC PIPING
nph A334 applies in its entirety.

ASSEMBLY AND ERECTION
hph A335 applies in its entirety.

MA335
Paragr

PART 20

INSRECTION, EXAMINATION, TESTING, AND
RECORDS OF NONMETALLIC AND NONMETALLIC
LINED PIPING

INSPECTION
ph 340 applies in its entirety.

MA340
Paragr

MA341
Paragr

MA341.1

Paragr
their enti

EXAMINATION
iph A341 applies in its entirety.

General

hphs 341.1, 341.2, A341.3, and A341.5.apply in
Fety. See para. MA341.2.

Paragraph 342 applies.

MA343 EXAMINATION PROCEDURES
Paragraph 343 applies.

MA344 TYPES OF EXAMINATION
Paragraph A344 applies in its entirety.

MA345 TESTING

hat

345.8
45.1)
s not

Paragraph A345 applies in its entirety, except t
(a)asensitive leak test in accordance with para.
shall be included in the required leak test (para. A
(b) the initial service leak test (para. A345.7) dog

apply

MA346 RECORDS

Paragraph 346 applies in its entirety.

112
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Chapter IX
High Pressure Piping

K300 GENERAL STATEMENTS

The term allowable stress is used in lieu of basic allow-

(a)| Applicability. This Chapter pertains to piping des-
ignated 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
B16.3 Class 2500 rating for the specified design tempera-
ture and material group. However, there are no specified
presgure limitations for the application of these rules.

(b)| Responsibilities. In addition to the responsibilities
statedl in para. 300(b),

1) for each piping system designated as being in
High| Pressure Fluid Service, the owner shall provide
all information necessary to perform the analyses and
testing required by this Chapter

2) the designer shall make a written report to the
owngr summarizing the design calculations and certi-
fying that the design has been performed in accordance
with [this Chapter

(c)] The identification, intent, and Code requirements
in paras. 300(a), (c), (d), (e), and (f) apply.

(d)| The organization, content, and, wherever.possible,
paragraph designations of this Chapter corréspond to
thosq of the first six Chapters (the base Code),"The prefix
K is pised.

(e)] Provisions and requirementstef*the base Code
apply only as stated in this Chapter.

K300.1 Scope

K300.1.1 Content and-Coverage. Paragraph 300.1.1
appliles with the exceptions stated in paras. K300.1.3 and
K300t1.4.

K300.1.2 Packaged Equipment Piping. Intercon-
necting piping as described in para. 300.1.2 shall con-
form(to the requirements of this Chapter.

K300,1:3 Exclusions. In addition to the exclusions

1.2 1l

able stress.

The term safeguarding and other terms chatracterizing
hazardous fluid services are not used)iw’ thi§ Chapter
but should be taken into account imdesign.
K300.3 Nomenclature

Paragraph 300.3 applies:

K300.4 Status of Appendices

Paragraph 300¢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 exceptions|of paras.
301.1, 301.2, 301.3, and 301.5.

K301.1 General

Paragraph 301.1 applies but refer to para. K301 instead
of para. 301.

K301.2 Design Pressure

K301.2.1 General. Paragraph 301.2.1(q4) applies
except that reference to para. 302.2.4 is not applicable.
Paragraphs 301.2.1(b) and (c) apply, but refef to para.
K304 instead of para. 304.

K301.2.2 Required Pressure Containment dr Relief.
Paragraphs 301.2.2(a) and (b) apply, but refef to para.
K322.6.3 instead of para. 322.6.3. Paragraph 3(1.2.2(c) is
not applicable.

K301.3 Design Temperature

tate A 200 Chk 'y 1. folls
statedHrrpara300-13,this-Chapterexeludesnonmetallie

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).

K300.2 Definitions

Paragraph 300.2 applies except for terms relating only
to nonmetals and severe cyclic conditions.

Raragraph-364-3-apphies-with-the-exeeptions 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.

K301.3.2 Uninsulated Components. The fluid tem-
perature shall be used as the component temperature.
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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 which lead to detrimental vibration, pulsation, or

(b) Piping components which 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 which conform to a published specifica-
tion or standard, may be used subject to the following
requirements:
(1) The designer shall determine that composition,

resonance effects in the piping.
K302

K302.1 Eeneral

In para. K302, pressure-temperature ratings, stress
criteria, design 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 dgsigner shall be satisfied as to the adequacy
of the depign, and of materials and their manufacture,
consideripng 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) possible deterioration of mechanical properties in
service

(f) thefmal properties

(g) tenjperature limits

(h) resjstance to corrosion and erosion

(i) fabification methods

(j) examination and testing methods

(k) hydrostatic test conditions

(I) bor¢ imperfections

K302.2 Pressure-Temperature Design Criteria

K302.2.1 Listed Components Having Established Rat-
ings. Pressure-temperature ratings for certain piping
componehts have been established and are contained in
some of the standards in‘Table K326.1. Unless limited
elsewher¢ in this Chapter, those ratings are acceptable
for design pressures-and temperatures under this
Chapter. With thelowner’s approval, the rules and limits
of this Chapter.ihay be used to extend the pressure—
temperatire ratings of a component beyond the ratings
of the lisfled(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
which do not have specific pressure-temperature rat-
ings, shall be rated by rules for pressure design in para.
K304, within the range of temperatures for which
stresses are shown in Table K-1, modified as applicable
by other rules of this Chapter.
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mechanical properties, method of manufacture, and
quality control are comparable to the correspording
characteristics of listed components.
(2) Pressure design shall be verified-in accordlance
with para. K304, including the fatigue‘analysis required
by para. K304.8.
(b) Other unlisted components shall be qualifigd for
pressure design as requiredsby-para. K304.7.2.

K302.2.4 Allowance ifor’Pressure and Temperature
Variations. Variatiofis in pressure above the dpsign
pressure at the cojncident temperature, except for faccu-
mulation during pressure relieving (see para. K322.6.3),
are not permitted 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 yse in
design in accordance with this Chapter are listpd in
Table K-1, except that maximum allowable stress vialues
and design stress intensity values for bolting, rdspec-
tively, are listed in the BPV Code, Section II, P3rt D,
Tables 3 and 4.

The tabulated stress values in Table K-1 are grquped
by materials and product form and are for stated teqnper-
atures up to the limit provided for the materials in|para.
K323.2.1. Straight line interpolation between temjpera-
tures to determine the allowable stress for a specific
design temperature is permissible. Extrapolation {s not
permitted.

(b) Shear and Bearing. Allowable stress in shear|shall
be 0.80 times the allowable stress in tension tabylated
I =1 T i > 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
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.

(10)
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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,
Appendix 2, para. 2-120 or 2-130, or Section VIII, Divi-
sion 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

K302.3.3 Casting Quality Factor? The casting quality
factor E. shall be 1.00 by conformance to all of the follow-
ing supplementary requirements:

(a) All surfaces shall have a roughness average, R,,
not greater than 6.3 um R, (250 pin. R,); see ASME B46.1
for a definition of R,.

(b) All surfaces shall be examined by either the liquid
penetrant method in accordance with ASTM E 165, or
the magnetic particle method in accordance with ASTM

stres$ values at design temperature for materials shall
not exceed the lower of two-thirds of Sy and two-thirds

of 5,1. S,; is determined in accordance with eq. (31)
Sy = 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 tem-
perature1
Syl = yield strength at temperature

2) For solution heat treated austenitic stainless
steel§ and certain nickel alloys with similar stress-strain
behayior, 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 regs
ommended for flanged joints and other components in
which slight deformation can cause leakage or malftnc-
tion. |[These values are shown in italics or beldface in
Table K-1, as explained in Note (5) to@Appendix K
Tablgs.] Instead, either 75% of the stress value in
Tablg K-1 or two-thirds of the yield strength at tempera-
ture listed in Section II, Part D, Table Y-1, as applicable,
should be used.

(c)| Unlisted Materials. For-aumaterial that conforms to
para|K323.1.2, allowablestress values at design temper-
aturd 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
deteymined i, accordance with eq. (31).

2) Ifithe“yield strength at temperature for an
unlidted-material is contained in Section II, Part D,
Tablg Y¥1, that yield strength at temperature value may

E 709. Acceptability of imperfections and we]d repairs
shall be judged in accordance with MSS\SP{53, using
ASTM E 125 as reference.

(c) Each casting shall be fully examined either ultra-
sonically in accordance with ASTM E114, or ragiograph-
ically in accordance with ASFM'E 142. Cracks and hot
tears (Category D and E discontinuities in ag¢cordance
with the standards listed in Table K302.3.3D) apd imper-
fections whose depth €xceeds 3% of nominal wall thick-
ness are not permittéd. Acceptable severity [levels for
radiographic examination of castings shall b in accor-
dance with Table K302.3.3D.

K302.3/4 "Weld Joint Quality Factor. Piping compo-
nents containing welds shall have a weld joipt quality
factor'E; 1.00 (see Table 302.3.4 for requirements)
except that the acceptance criteria for these wlelds shall
beé in accordance with para. K341.3.2. Spiral elds are
not permitted.

K302.3.5 Limits of Calculated Stresses Dye to Sus-
tained 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-
ness of the piping component, and its means pf stiffen-
ing, meet the requirements of para. K304.

(c) Longitudinal Stresses, S;. The sum of the Jongitudi-
nal stresses S; in any component in a piping system due
to sustained loads, such as pressure and weijght, shall
not exceed Sy in (d) below. The thickness of pipe used
in calculating S;, shall be the nominal thickn¢ss minus
mechanical, corrosion, and erosion allowance] c.

(d) Allowable Displacement Stress Range, S4 [The com-

be used directly in the determination of allowable stress.

(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.

! For tension testing, room temperature shall be considered to
be 10°C to 38°C (50°F to 100°F).

115

puted displacement stress range, Sg, in a piping system
(see para. 319.4.4) shall not exceed the allowable dis-
placement stress range, S4 (see para. 319.2.3), calcu-
lated by

S, = 1.25S, + 0255, (32)

2 Gee 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 E 446 1 A, B, C
51 <7 <114 (4.5) ASTM E 186 1 A, B, C
114 < T €305 (12) ASTM E 280 1 A, B, C

llowable stress from Table K-1 at minimum
etal temperature expected during the dis-
lacement cycle under analysis
llowable stress from Table K-1 at maximum
etal temperature expected during the dis-
lacement cycle under analysis

e in Table K-1 exceeds two-thirds of S, St
shall not| exceed 90% of Syt listed in 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 to test conditions are notstabject
to the lirpitations in para. K302.3. It is not fiecessary
to consider other occasional loads, such as’ wind and
earthquake, as occurring concurrently with'test loads.

K302.4 Allowances

In detdrmining the minimufn jrequired thickness of
a piping |component, allowangces shall be included for
corrosion}, erosion, and thread or groove depth. See the
definition) of ¢ in para-K804.1.1(b).

K302.4.1 Mechanical Strength. Paragraph 302.4.1
applies. In additioh, a fatigue analysis in accordance
with parp. K304.8 shall be performed for any means
used to ipcréase the strength of a piping component.

K304 PRESSURE DESIGN OF HIGH PRESSURE|
COMPONENTS

K304.1 Straight Pipe

K304.1.1 General
(a) The required wall thickness of straight sectigns of
pipe shall be determined. in/accordance with eq. (33).

tn =t+c (33)

The minimum.wall thickness, T, for the pipe sel¢cted,
consideringimanufacturer’s minus tolerance, shall e not
less thanct,

(b) The following nomenclature is used in the gqua-
tion.for pressure design of straight pipe:

¢ = ¢ t+¢

= the sum of mechanical allowances® (threpd or
groove depth) plus corrosion and er¢sion
allowances (where ¢; = the sum of inflernal
allowances and ¢, = the sum of external allow-
ances). For threaded components, the nominal
thread depth (dimension & of ASME B1.2{.1 or
equivalent) shall apply, except that for stfaight
threaded connections, the external thread
groove depth need not be considered provided:
(a) it does not exceed 20% of the|wall
thickness;
(b) the ratio of outside to inside diarheter,

D/d, is greater than 1.1;
(c) the internally threaded attachmeni pro-
vides adequate reinforcement; and
(d) the thread plus the undercut area, if any,

does not extend beyond the reinforcement for

a distance more than the nominal wall thickness

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

K303 GENERAL

Components manufactured in accordance with stan-
dards listed in Table K326.1 shall be considered suitable
for use at pressure—temperature ratings in accordance
with para. K302.2.

U{ 'L}lC lJiIJC.

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

mechanical, corrosion, and erosion allowances

3 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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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
unthreaded portion of the pipe. The adequacy of the
reinforcement 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

T = pipe wall thickness (measured or minimum in
accordance with the purchase specification)

(b) At design temperatures where allowable stress, S,
values in Table K-1 are in boldface (solution heat treated
austenitic stainless steels and certain nickel alloys with
similar stress—strain behavior only), the internal pressure
design wall thickness, ¢, shall be not less than that calcu-
lated in accordance with eq. (34c) for pipe with a speci-

fied-outside-dinmeterand-mintmum—wal "kness, or

ada dio o atag, oo d o iag 1 4l
tSta e Hameter R Rt Ra - wWar—tht

eq. (34d) for pipe with a specified inside diameter and
minimum wall thickness.

_D—ZCO

~ ~1.155P 56
t = 5 [1 exp( S )] (34¢)
or
d + Q¢ )
_ +2 c [exp (1 12513)_ 1] (34d)" 6

Alternatively, the internal design gage pressure, P,
may be calculated by eq. (35¢c) or (35d).

S D - 2c,

— 5,6
P=17sMn [D (T - cz-)} (35¢)
or
S d+2(T-¢,) s
P= 1155 “[ d+ 2 } (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 33.33, and
for D/t < 3.33 where external pressure is not gpplied to
at least one end of the pipe, the pressure dgsign 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 reqired wall
thickness t,, of a bend, after bending, may be d¢termined

treated austenitic stainless steels and certain nickel
alloyp with similar stress—strain behavior, the internal
presgqure 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.
_D-2, -P 4,5,6
=— [1 - exp (?)] (34a)
or
_ d+ 2C,‘ P 156
t = > [exp (§> - 1} (34b)
Alternatively, the internal design gage pressure, P,
may pe calculated by eq. (35a) or (35b).
p—le[ D - 26, } (35a)°
=MD (T —¢) 2)
or
d+2(T-c) e
where

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 accordafice'with this Chapter, the inside
diameter. of the pipe is the maximum value
allowable under the specifications.

P = intetnal design gage pressure

S [ dllowable stress from Table K-1

* 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.

6 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.
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as for straight pipe in accordance with para. K304.1,
provided that the bend radius of the pipe centerline is
equal to or greater than ten times the nominal pipe
outside diameter and the tolerances and strain 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.
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K304.2.3 Miter Bends.
permitted.

Miter bends are not

K304.2.4 Curved Segments of Pipe Under External
Pressure. The wall thickness of curved segments of
pipe subjected to external pressure may be determined
as specified for straight pipe in para. K304.1.3 provided
the design length L is the running centerline length
between any two sections which are stiffened in accor-
dance with para. 304.1.3.

The methods, allowable stresses, and temperature lim-
its of Section VIII, Division 2, Part 4, para. 4.6 may be
used, with the following changes in nomenclature, to
calculate t,,;:
¢ = sum of mechanical allowances, defined in para.
K304.1.1

t = pressure design thickness as calculated for the
given style of blind flange using the appropriate
equation of Part 4, para. 4.6

K304.3 Illranch Connections

K304.
include:
extruded
branch cd
shown in|

K304.
(a) The

B.1 General. Acceptable branch connections
a fitting in accordance with para. K303; an
outlet in accordance with para. 304.3.4; or a
nnection fitting (see para. 300.2) similar to that
Fig. K328.5.4.

B.2 Strength of Branch Connections
opening made for a branch connection reduces
both statjc and fatigue strength of the run pipe. There
shall be gufficient material in the branch connection to
contain piressure and meet reinforcement requirements.
(b) Stafic pressure design of a branch connection not
in accordance with para. K303 shall conform to para.
304.3.4 fqr an extruded outlet or shall be qualified as
required py para. K304.7.2.

K304.B.3 Reinforcement of Welded Branch Connec-
tions. Bpanch connections made as provided in para.
304.3.3 afle not permitted.

K304.4 Closures

(a) Closures not in accordance with para. K303 or (b)
below shhll be qualified as required by para. K304.7.2.

(b) Closures may be designed in accordance with the
methods,| allowable stresses, and temperature limits of
the BPV [Code, Section VIII, Division 2" or Division 3,
and Sectipn II, Part D.

K304.5 Pressure Design of Flanges and Blanks

K304.

(a) Fla
below sh
(b) Af
methods,
Section
Division

5.1 Flanges — General

hges not in aceordance with para. K303 or (b)
h1l be qualified as required by para. K304.7.2.
ange may be designed in accordance with the
allowable stresses, and temperature limits of
I}, Division 2, Part 4, para. 4.16, or Part 5, or

B Article KD-6,and Section 1L Part D.

(c) A blind flange may be designed in accorcliance
with the rules, allowable stresses, and temperature |imits
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 invaccordance with para. K303 sh
qualified as required by para. K304.7.2.

hll be

K304.7 Pressure Design of Other Components

K304:7.1 Listed Components. Other pressurg con-
taining components manufactured in accordance| with
standards in Table K326.1 may be utilized in accordlance
with para. K303.

K304.7.2 Unlisted Components and Elements.
pressure design of unlisted components to which the
rules in paras. K304.1 through K304.6 do not apply|shall
be based on calculations consistent with the design phi-
losophy of this Chapter. These calculations shall b¢ sub-
stantiated by one or more of the means stated inh (a),
(b), and (c) below, considering applicable ambienft and
dynamic effects in paras. 301.4 through 301.11:

(a) extensive, successful service experience ynder
comparable design conditions with similarly prppor-
tioned components made of the same or like material;

(b) performance testing sufficient to substantiatq both
the static pressure design and fatigue life at the intgnded
operating conditions. Static pressure design may b¢ sub-
stantiated by demonstrating that failure or excgssive
plastic deformation does not occur at a pressure equiva-

btatic

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 ¢,, (see para. K304.1.1 for nomenclature),
considering manufacturing tolerance:

tn=t+cC (36)
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tent—totwotimes—theimtermatdesigmpressure, F. 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
method) with results evaluated as described in Section
VIIL, Division 3, Article KD-2, except that for linear elas-
tic analyses
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(1) S,/1.5 in Division 3 shall be replaced by S from
Table K-1, and
(2) the Division 3 stress intensity limits due to sus-
tained loads may be increased by the same factor applied
in para. K302.3.6(a) when wind or earthquake loads are
included. However, this limit shall not exceed 90% of
S, listed 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-

stress intensity shall be determined in accordance with
Articles KD-2 and KD-3. The allowable amplitude of the
equivalent alternating stress shall be determined from
the applicable design fatigue curve in Article KD-3.
(2) If it can be shown that the piping component
will fail in a leak-before-burst mode, the number of
design cycles (design fatigue life) may be calculated in
accordance with either Article KD-3 or Article KD-4. If
a leak-before-burst mode of failure cannot be shown,

ness¢s, and PIessUIe Classes, as well as anatogies 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.

KB04.7.4 Bellows Type Expansion Joints. Bellows

type |expansion joints are not permitted.

K30

K304.8.1 General. A fatigue analysis shall be per-
formpd on each piping system, including all compo-
nenty” and joints therein, and considering the stresses
resulfing from attachments, to determine its suitability
for tHe cyclic operating conditions® specified in the engi-
neering design. Except as permitted in (a) and (b) below,
or in|paras. K304.8.4 and K304.8.5, this analysis shall be
in adgcordance with the BPV Code, Section VIII, Divi-
sion  or Division 3.” The cyclic conditions shall include

.8 Fatigue Analysis

stated in para. K319. No formal fatigue analysis is
required in systems that

(a)| are duplicates of successfully-@perating installa-
tions|or replacements without significant change of sys-
tems|with a satisfactory serviee récord or

(b)] can readily be judgedyadequate by comparison
with [previously analyzed systems

K304.8.2 Amplitude of Alternating Stress
(a)| Fatigue Analijsis Based Upon Section VIII, Division 2.
The value of thealternating stress amplitude for compar-
ison with design fatigue curves shall be determined in
accofdance;with Part 5. The allowable amplitude of
alterpating’ stress shall be determined from the applica-

n Article
of design

thefracture echanics evatuation outhimed
KD-4 shall be used to determine the number
cycles of the component.

(c) Additional Considerations. The désigner is cau-
tioned that the considerations listed int 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 for Fatigue
Analysis

(a) For fatigue analysis of straight pipe, eq{ (37) may

be used to calculate the stress intensity'® at the inside
surface due only to internal pressure.
2
S = PD 37)

20T-¢)[D-(T-¢)]

(b) For fatigue analysis of curved pipe, eq{ (37) may
be used, with the dimensions of the straight pipe from
which it was formed, to calculate the maximum 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
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, fan inelas-
tic analysis is required.

K304.8.4 Fatigue Evaluation by Test. With the own-
er’s approval, the design fatigue life of a cgmponent
may be established by destructive testing in agcordance
with para. K304.7.2 in lieu of the above|analysis
requirements.

K304.8.5 Extended Fatigue Life. The design fatigue
life of piping components may be extended befyond that

ble dcbisll faﬁsuc CUurve ill Pﬂlt 3, lJCllCl. 3.15.
(b) Fatigue Analysis Based Upon Section VIII, Division 3
(1) The values of the alternating stress intensity, the
associated mean stress, and the equivalent alternating

7 Bore imperfections may reduce fatigue life.

8 If the range of temperature change varies, equivalent full tem-
perature cycles N may be computed as provided in footnote 6 to
para. 302.3.5.

? Fatigue analysis in accordance with Section VIII, Division 2 or
Division 3, requires that stress concentration factors be used in
computing the cyclic stresses.

119

determined by Section VIII, Division Z, Part 3, para. 3.15
and Part 5; or Division 3, Article KD-3; as applicable,
by the use of one of the methods listed below, provided
that the component is qualified in accordance with para.
K304.7.2:

(a) surface treatments, such as improved surface
finish

(b) prestressing methods, such as autofrettage, shot
peening, or shrink fit

10 The term stress intensity is defined in Section VIII, Division 3.

(10)
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Table K305.1.2 Required Ultrasonic or Eddy
Current Examination of Pipe and Tubing for
Longitudinal Defects

K306.1 Pipe Fittings

K306.1.1 General. All castings shall have a casting
quality factor E, = 1.00, with examination and accept-

Diameter, Examination Paragraph ance criteria in accordance with para. K302.3.3. All welds
mm (in.) Required Reference shall have a weld quality factor E; = 1.00, with examina-
d<3.2 (V) or None tion and acceptance 'criteriell i'n accordance Wit'h paras.
D<6.4(Y) K341 through K344. Listed fittings may be used in accor-
. » dance with para. K303. Unlisted fittings may be used
3.2 (%) < d15 17'5 (*16) Edﬂ\{ currer]t ()] K3I44'8 or only in accordance with para. K302.2.3.
and 6.4 )= U= 250 (1) [Note ()T or \W 2222 9e)
ultrasonic (UT) K306.1.2 Specific Fittings
d>17.5 (J4e) or D> 25.4 (1) Ultrasonic (UT) K344.6 (a) Socket welding fittings are not permifted.

NOTE:
(1) This expmination is limited to cold drawn austenitic stainless
steel pipe and tubing.

The designer is cautioned that the benefits of prestress
may be reduced due to thermal, strain softening, or other
effects.

PART 3
FLUID SERVICE REQUIREMENTS FOR PIPING
COMPONENTS

K305 HIPE

Pipe irjcludes components designated as “tube” or
“tubing” |in the material specification, when intended
for pressiire service.

K305.1 Requirements

~ K305.1.1 General. Pipe and tubing shall be either
 seamless [or longitudinally welded withystraight seam
“and a joimt quality factor E; = 1.00, éxamined in accor-
. dance with Note (2) of Table K341.3.2.

+ K305.1.2 Additional Examination. Pipe and tubing
. shall havg passed a 100% examination for longitudinal
- defects infaccordance with-Table K305.1.2. This examina-
- tion is in[ addition to(adceptance tests required by the
" material ppecificatior:

K305{1.3 Heat Treatment. Heat treatment, if
required,|shall’be in accordance with para. K331.

K305. I Untisted Pipeand Tubtng—Umtisted pipe 5 07-1—General

and tubing may be used only in accordance with para.
K302.2.3.

K306 FITTINGS, BENDS, AND BRANCH
CONNECTIONS

Pipe and other materials used in fittings, bends, and
branch connections shall be suitable for the manufactur-
ing or fabrication process and otherwise suitable for the
service.

(b) Threaded fittings are permitted only inaccordlance
with para. K314.
(c) Branch connection fittings (se®para. 300.2) whose
design has been performance tested successfully as
required by para. K304.7.2(b).fnay be used within their
established ratings.

K306.2 Pipe Bends

K306.2.1 General. A bend made in accordancg with
para. K332.2 and"verified for pressure design in dccor-
dance withpara. K304.2.1 shall be suitable for the|same
service as\the pipe from which it is made.

K306.2.2 Corrugated and Other Bends. Benfds of
other design (such as creased or corrugated) arp not
permitted.

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 eld-
ing shall be fabricated in accordance with para. K3£8.5.4
and examined in accordance with para. K341.4.

K307 VALVES AND SPECIALTY COMPONENTS

The following requirements for valves shall also be
met, as applicable, by other pressure containing piiping
components, such as traps, strainers, and separatprs.

Pressure design of unlisted valves shall be qualified
as required by para. K304.7.2.

K308 FLANGES, BLANKS, FLANGE FACINGS, AND
GASKETS

K308.1 General

Pressure design of unlisted flanges shall be verified
in accordance with para. K304.5.1 or qualified as
required by para. K304.7.2.
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load
_strength of the flange, and its bolting. Materials shall
be syitable for the service conditions. Mode of gasket
-failufe shall be considered in gasket selection and joint
~design.
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K308.2 Specific Flanges

K308.2.1 Threaded Flanges. Threaded flanges may
be used only within the limitations on threaded joints
in para. K314.

K308.2.2 Other Flange Types. Slip-on, socket weld-
ing, and expanded joint flanges, and flanges for flared
laps, are not permitted.

K311.2 Specific Requirements

K311.2.1 Backing Rings and Consumable Inserts.
Backing rings shall not be used. Consumable inserts
shall not be used in butt welded joints except when
specified by the engineering design.

K311.2.2 Fillet Welds. Fillet welds may be used
only for structural attachments in accordance with the
requirements of paras. K321 and K328.5.2.

K30 cings
ThF flange facing shall be suitable for the service and
for the gasket and bolting employed.

K308.4 Gaskets

Gapkets shall be selected so that the required seating
s compatible with the flange rating and facing, the

'K308.5 Blanks

Blanks shall have a marking identifying material,
presqure-temperature rating, and size, which is visible
after|installation.

K309
Bo

BOLTING

ting, including bolts, bolt studs, studs, cap screws;
nuts,| and washers, shall meet the requirements, of\the
BPV {Code, Section VIII, Division 2, Part 3, para. 3.7; Part
4, para. 4.16; and Part 5, para. 5.7. See also Appendix F,
para|F309, of this Code.

PART 4
FLUID SERVICE REQUIREMENTS FOR PIPING JOINTS

K310 GENERAL

Joints shall be suitablé.for the fluid handled, and for
the gressure-temperature and other mechanical load-
ings pxpected in ser¥ice.

Fagtors such.as.assembly and disassembly (if applica-
ble),

mal

K311.2.3 Other Weld Types. Socket weld$ and seal
welds are not permitted.

K312 FLANGED JOINTS

Flanged joints shall be selected-for leak tightness, con-
sidering the requirements(of para. K308, flar|ge facing
finish, and method of attachment. See also para. F312.

K312.1 Joints Using’Flanges of Different Ratings
Paragraph 312(D applies.

K313 _EXPANDED JOINTS

ExXpanded joints are not permitted.

K314 THREADED JOINTS

K314.1 General

Except as provided in paras. K314.2 andl K314.3,
threaded joints are not permitted.

(a) Layout of piping shall be such as to [minimize
strain on threaded joints that could adversly 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
mentation, vents, drains, and similar purposes
be not larger than DN 15 (NPS %).

(b) External-threaded components shall be at least

or instru-
and shall

Cyclic loading, vibration, shock, bending, and ther- ~ Schedule 160 in nominal wall thickness. Th¢ nominal

expafision and contraction of joints shall be  thickness of Schedule 160 piping is listed in ASME

considereéd/in the engineering design. B36.10M for DN 15 (NPS %) and in ASME 1F16.11 for
sizes smaller than DN 15 (NTPQ 1 )

K311 WELDED JOINTS
K311.1 General

Welds shall conform to the following:

(a) Welding shall be in accordance with para. K328.

(b) Preheating and heat treatment shall be in accor-
dance with paras. K330 and K331, respectively.

(c) Examination shall be in accordance with
para. K341.4, with acceptance criteria as shown in
Table K341.3.2.

121

K314.3 Straight-Threaded Joints

K314.3.1 Joints With Seal Formed by Projecting
Pipe. Threaded joints where the threads are used to
attach flanges or fittings, and in which the pipe end
projects through the flange or fitting and is machined
to form the sealing surface with a lens ring, cone ring,
the mating pipe end, or other similar sealing device,
may be used. Such joints shall be qualified in accordance
with para. K304.7.2(a) or (b).

(10
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K314.3.2 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 tolerances and other characteristics), are used
within the pressure-temperature limitations of the fit-
ting, and comply with para. K302.2.1.

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

(b) OtHer Jomnts Using Components INoF Conforming fo
Listed Standards. Other straight-threaded joints (e.g., a
union corpprising 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 fype/grade and heat treatment condition, com-
ponent configuration (e.g., elbow), size (e.g., NPS), and
pressure fating. Performance testing of joints in which
the process of making up the joint involves significant
uncontrolled loads (e.g., hammer unions) shall include
testing dé¢signed to simulate actual loads.

K315 TUBING JOINTS
K315.1 §

Joints ¢

lared Type Joints
f the flared type are not permitted.

K315.2 FKlareless Joints Using Components
(Conforming to Listed Standards

Joints nade up using flareless type fittings covered
by listed [standards in Table K326.1 may be-used, pro-
vided thdt the fittings

(a) do [not rely on friction to carry.loads from the
tubing to| the fitting

(b) arelsuitable for the tubingserpipe with which they
are to be jused (considering piping tolerances and other
characterjstics)

(c) arejused within thepressure-temperature limita-
tions of the fitting and_the joint

(d) comply with,para. K302.2.1

K315.3 Klareless Joints Using Components Not
(Conforming to Listed Standards

(a) Braze welded joints and fillet joints made|with
brazing filler metal are not permitted.

(b) Brazed joints shall be made in accordance| with
para. K333 and shall be qualified as required by |para.
K304.7.2. Such application is the owxner’s responsipility.
The melting point of brazing allogsyshall be consi¢lered

when exposure to fire is possible.

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 s¢rvice
conditions. Testing shall include cyclic simulatior].

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 piiping
system. Paragraphs 319.1 through 319.7 apply, except
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 35 and shall alko be

Joints made up using flareless type fittings not listed
in Table K326.1 may be used, provided that the type of
fitting 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
each material type/grade and heat treatment condition,
component configuration (e.g., elbow), size (e.g., NPS),
and pressure rating.

included in the fatigue analysis in accordance with para.
K304.8.

K321 PIPING SUPPORT

Piping supports and methods of attachment shall be
in accordance with para. 321 except as modified below,
and shall be detailed in the engineering design.

K321.1.1 Objectives. Paragraph 321.1.1 applies, but
substitute “Chapter” for “Code” in (a).
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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
material compatible with the piping and the service.
Other requirements are specified in paras. K321.3.2 and
K323.4.2(b).

K321.3.2 Integral Attachments. Paragraph 321.3.2
applies, but substitute “K321.1.4(e)” for “321.1.4(e)” and
“Chapter IX” for “Chapter V.”

to operate at a pressure not greater than 110% of the
design pressure of the piping system and shall be capa-
ble of limiting the maximum pressure during relief to
no more than 121% of the design pressure.

PART 7
MATERIALS

K323 GENERAL REQUIREMENTS

PART 6
SYSTEMS
K322 SPECIFIC PIPING SYSTEMS
K323.3 Instrument Piping

K322.3.1 Definition. Instrument piping within the
scop¢ of this Chapter includes all piping and piping
components used to 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 gpparatus (not connected directly to the high pres-
sure [piping or equipment) are not within the scope of
this Chapter.

K322.3.2 Requirements. Instrument piping within
the sgope of this Chapter shall be in accordance with
para322.3.2 except that the design pressure and tentper-
aturgshall be determined in accordance with pana. 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

K322

Pa

K322.6.3 Overpressure Protection. Overpressure
protdction for high pressure piping systems shall con-
form(to the following:

(a)] The cumulative capacity of the pressure relieving
devides shall ke’ sufficient to prevent the pressure from
rising meresthan 10% above the piping design pressure
at th¢ operating temperature during the relieving condi-

.6 Pressure Relieving Systems
ragraph 322.6 applies/exeept for para. 322.6.3.

(a) Paragraph K323 states limitations ahd
qualifications for materials based on thejrinhe
erties. Their use is also subject to requirenrents
in Chapter IX and in Table K-1.

(b) Specific attention should bg given to the
turing process to ensure uniformity of p
throughout each piping cemponent.

(c) See para. K321.1.4.for support materials.

required
rent prop-
blsewhere

manufac-
roperties

K323.1 Materials and Specifications

K323.1.1 Listed Materials
() Any material used in a pressure-containing piping
componeht shall conform to a listed specificatipn, except
as provided in (b) below or in para. K323.1.2
(b)"Materials manufactured to specification editions
different from those listed in Appendix E may be used,
provided
(1) the requirements for chemical compo
heat-treatment condition in the edition of the
tion to which the material was manufactured
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
(3) the material has been tested and ex3
accordance with the requirements of the liste
of the specification
A material that does not meet the requir¢gments of
paras. K323.1.1(b)(1), (2), and (3) may be evdluated 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-
fication covering chemistry, physical and mechanical
properties, method and process of manufacture, heat

ition and
specifica-
meet the

mined in
d edition

thI‘l 101 a billSIC lEliCVillg b‘lEViLE Ul 1TTUIC i.llclll 1Un0 Cl‘UUVC
the design pressure when more than one device is pro-
vided, except as provided in (c) below.

(b) System protection must include one relief device
set at or below the design pressure at the operating
temperature for the relieving condition, with no device
set to operate at a pressure greater than 105% of the
design pressure, except as provided in (c) below.

(c) Supplementary pressure relieving devices pro-
vided for protection against overpressure due to fire or
other unexpected sources of external heat shall be set

123

treatmrertt;arh qudlily controtardtotherwise-meets the
requirements of this Chapter. Allowable stresses shall be
determined in accordance with the applicable allowable
stress basis of this Chapter or a more conservative basis.

K323.1.3 Unknown Materials. Materials of
unknown specification, type, or grade are not permitted.

K323.1.4 Reclaimed Materials. Reclaimed pipe and
other piping components may be used provided they
are properly identified as conforming to a listed specifi-
cation, have documented service history for the material
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and fatigue life evaluation, and otherwise meet the
requirements of this Chapter. Sufficient cleaning and
inspection shall be made to determine minimum wall
thickness and freedom from defects which would be
unacceptable in the intended service.

K323.1.5 Product Analysis. Conformance of materi-
als to the product analysis chemical requirements of the
applicable specification shall be verified, and certifica-
tion shall be supplied. Requirements for product analysis

K323.2.3 Temperature Limits, Unlisted Materials.
An unlisted material acceptable under para. K323.1.2
shall be qualified for service at all temperatures within
a stated range from design minimum temperature to
design (maximum) temperature, in accordance with
para. K323.2.4. The requirements of para. K323.2.1(c)

also apply.

K323.2.4 Verification of Serviceability

are defingd in the applicable materials specification.

K323.1.6 Repair of Materials by Welding. A material
defect mgy be repaired by welding, provided that all of
the following criteria are met:

(a) Thp material specification provides for weld
repair.

(b) Th¢ welding procedure and welders or welding
operatorq are qualified as required by para. K328.2.

(c) Thy repair and its examination are performed in
accordange with the material specification and with the
owner’s gpproval.

K323.2 Temperature Limitations

The designer shall verify that materials which meet
other requirements of this Chapter are suitable for ser-
vice throyghout the operating temperature range. Atten-
tion is djrected to Note (4) in Appendix K, and para.
K323.2.1 following. [Note (7) of Appendix A explains
the mearfs used to set both cautionary and restrictive
temperatire limits for materials.]

K323.p.1 Upper Temperature Limits, Listed Materi-
als. A ljsted material may be used at a temperature
above th¢ maximum for which a stress value is shown
in Table K-1, but only if

(a) theteis no prohibition in Appendix K or elsewhere
in this Chapter

(b) the|designer verifies the serviceability of the mate-
rial in ac¢ordance with para,K323.2.4 and

(c) the|upper temperaturelimit shall be less than the
temperatfire for which an-allowable stress determined
in accordgnce with patra.302.3.2 is governed by the creep
or stress fupture provisions of that paragraph

K323.3
(a) The

.2 Lower Temperature Limits, Listed Materials
lowest permitted service temperature for a

(a) When an unlisted material is used, or whema |isted
material is to be used above the highest temperattjre for
which stress values appear in Appendix K¢'the designer
is responsible for demonstrating thefvalidity gf the
allowable stresses and other design limits, and ¢f the
approach taken in using the material -including the deri-
vation of stress data and the establishment of temjpera-
ture limits.

(b) Paragraph 323.2.4(b)applies except that alloyable
stress values shall be¢détermined 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 Clarpy
V-notch impact testing. The testing shall be perfofmed
in accordance with Table K323.3.1 on represenfative
samples using the testing methods described in paras.
K323.3.2, K323.3.3, and K323.3.4. Acceptance criterja are
described in para. K323.3.5.

K323.3.2 Procedure. Paragraph 323.3.2 appligs.

K323.3.3 Test Specimens
(a) Each set of impact test specimens shall condist of
three specimen bars. Impact tests shall be made pising
standard 10 mm (0.394 in.) square cross section Charpy
V-notch specimen bars oriented in the transyerse
direction.

(b) Where component size and/or shape does nat per-
mit specimens as specified in (a) above, standard 1) mm

compone!
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 para.
K323.3.4(a).

(c) For materials exempted from Charpy testing by
Note (6) of Table K323.3.1, the service temperature shall
not be lower than —-46°C (-50°F).

n 1d <l 111 41 M SN SRR L
UL WTIU S1id1l UT UIT lllllJCl\.l, ol LCII[IJCJ.C[LL/ILC
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square cross-section longitudinal Charpy specimens
may be prepared.

(c) Where component size and/or shape does not per-
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.

(10)
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Table K323.3.1 Impact Testing Requirements

Column A
Test Pipe, Tubes, and Components Column B Column C
Characteristics Made From Pipe or Tubes Other Components, Fittings, Etc. 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 (6).

Location and (@) Transverse to the longitudinal (@) Transverse to the direction of (@) Bolts <52 mm (2 in.) nominal
orientation axis, with notch parallel to maximum elongation during size made in accordance with
of specimens axis. [See Note (3).] rolling or to direction of ASTM A 320 shall meet the
[see Note (2)] (b) Where component size and/ major working during forging. impact requirementp of that

or shape does not permit Notch shall be oriented paral- specification.

specimens as specified in (a) lel to direction of maximum (b) For all othef bolts, |ongitudinal

above, paras. K323.3.3(b), elongation or major working. specimens shall be|taken. The

(0), and (d) apply as needed. (b) If there is no single identifi- impact values obtajned shall
able axis, e.g., for castings or meet\the transversq values of
triaxial forgings, specimens Fable K323.3.5.

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\Table
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

Tests on Welds in Fabrication or Assembly

needed.
Test pieces Test pieces for preparation of impact 'specimens shall be made for each welding procedure, type of|electrode,
[see Note (5)] or filler metal (i.e., AWS E-XXXX-Classification) and each flux to be used. All test pieces shall be qubject 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 4Tto T+ 6
pieces [see mm (Y, in.).
Note (4)] (2) Unless otherwise specified in this Chapter [see Note (3)] or the engineering design, test pieces|need not

be made from individual material lots, or from material for each job, provided welds in other cgrtified
materiat-of the same thickness ranges and to the same specification (type and grade, not heat|or lot)
haye-been tested as required and the records of those tests are made available.

Location and @) ‘Weld metal impact specimens shall be taken across the weld with the notch in the weld metal.|Each speci-
orientation men shall be oriented so that the notch axis is normal to the surface of the material and one face of the
of specimens specimen shall be within 1.5 mm (Y4 in.) of the surface of the material.

(2) Heat affected zone impact specimens shall be taken across the weld and have sufficient lengtH to locate
the notch in the heat affected zone, after etching. The notch shall be cut approximately normal|to the
material surface in such a manner as to include as much heat affected zone material as possible in the
resulting fracture.

(3) The impact values obtained from both the weld metal and heat affected zone specimens shall pe com-
pared to the transverse values in Table K323.3.5 for the determination of acceptance criteria.

125
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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 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.

(3) For longitudinally welded pipe, specimens shall be taken from the base metal, weld metal, and the heat affected zone.

(4) The test piece shall be large enough to permit preparing the number of specimens required by para. K323.3. If this is not possible,
additiopattest-pieces—shattbeprepared:

(5) For welfls in the fabrication or assembly of piping or components, including repair welds.

(6) Impact|tests are not required when the maximum obtainable longitudinal Charpy specimen has a width along the notch less thar| 2.5
mm (0.p98 in.). See para. K323.2.2(c).

Fig. K323.3.3 Example of an Acceptable
Impact Test Specimen

Note (1)

7.5 mm {0.30 in.)

~
N
max. \
% ‘.
25 mm (0.101in.)

")

\_/ //
\_/

GENERAL NOTE:  This Figure illustrates how an acceptable transverse

Charpy specimen can be obtained from a tubing or component shape

too small for a full length standard specimen in accordance with

ASTM A 370. 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.

126
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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.).

K323.3.4 Test Temperatures. For all Charpycimpact
tests| the test temperature criteria in (a) or(b) below
shall|be observed.

. (a)] Charpy impact tests shall be conducted at a tem-
- perafure no higher than the lower of the following:

1) 20°C (70°F)

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-
perafure, the following shall be considered:

(a) range of operating conditions

(b) upsetconditions

(c) ambiént temperature extremes

(d)-required leak test temperature

(b)] Where the largest possible test specimen has a

accordance with ASTM A 370 (for title see parg. 323.3.2).
The results shall be included in the impact tgst report.
(b) Minimum Energy Requirements for Bolting[Materials.
The applicable minimum energy requirements shall be
those shown in Table K323.3.5 except as prpvided in
Table K323.3.1.
(c) Weld Impact Test Requirements. Where [two base
metals having different required impact energy values
are joined by welding, the impact test energy require-
ments shall equal or exceed the requirements qf the base
material having the lower required impact enjergy.
(d) Retests
(1) Retest for Absorbed Energy Criteria. When the
average value of the three specimens equals dqr exceeds

width along the notch less than the lesser of 80% of the
material thickness or 8 mm (0.315 in.), the test shall be
conducted at a reduced temperature in accordance with
Table 323.3.4, considering the temperature as reduced
below 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
requirements for materials shall be those shown in
Table K323.3.5. Lateral expansion shall be measured in

the minimum value permitted for a single $pecimen,
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
single specimen, a retest of three additional specimens
shall be made. The value for each of these retest speci-
mens shall equal or exceed the required average value.

(2) Retest for Erratic Test Results. When an erratic
result is caused by a defective specimen or uncertainty
in the test, a retest will be allowed. The report giving test
results shall specifically state why the original specimen
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was considered defective or which step of the test 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.

PART 9
FABRICATION, ASSEMBLY, AND ERECTION

K327 GENERAL

Piping materials and components are prepared for
assembly and erection by one or more of the fabrication
processes covered in paras. K328, K330, K331, K332, and
K333. When any of these processes is used in assembly
or erection, requirements are the same as for fabrication.

equnements

sure confiaining components and may not be attached
to pressufe-containing components by welding.

K323.4.3 Metallic Clad and Lined Materials. Materi-
als with |metallic cladding or lining may be used in
accordange with the following provisions:

(a) For|metallic clad or lined piping components, the
base metql shall be an acceptable material as defined in
para. K323, and the thickness used in pressure design
in accordqnce 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 fomponents, the cladding or lining may be any
material that, in the judgment of the user, is suitable for
the intendled service and for the method of manufacture
and assembly of the piping component.

(b) Fabrication by welding of clad or lined piping
componehts and the inspection and testing of such com-
ponents shall be done in accordance with applicable
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

Paragraph 323.5 applies:

K325 MISCELLANEOUS MATERIALS

Paragraph 325\applies.

K328 WELDING

Welding which conforms to the requirements of|para.
K328 may be used in accordance with para. K311}

K328.1 Welding Responsibility

Each employer is responsible/for the welding [done
by the personnel of his organization and shall copduct
the tests required to qualify“welding procedures, and to
qualify and as necessaty tequalify welders and welding
operators.

K328.2 Welding-Qualifications

ation
orm-
mply
n IX,

K328.2.1,"Qualification Requirements. Qualifig
of the welding procedures to be used and of the per
ance of welders and welding operators shall cq
with the requirements of the BPV Code, Sectio
except as modified herein.

(a) Impact tests shall be performed for all proc
qualifications in accordance with para. K323.3.

(b) Test weldments shall be made using the same
ification and type or grade of base metal(s), an
same specification and classification of filler metal
will be used in production welding.

(c) Test weldments shall be subjected to essertially
the same heat treatment, including cooling rat¢ and
cumulative time at temperature, as the produgtion
welds.

(d) When tensile specimens are required by Se
IX, the yield strength shall also be determined, usir
method required for the base metal. The yield stren
each test specimen shall be not less than the spe
minimum yield strength at room temperature (S
the base metals joined. Where two base metals h
different Sy values are joined by welding, the

L oty ah fact nchall bha "ot lacc
21RO

bdure

spec-
1 the
(s) as

ction
g the
bth of
rified
) for
hving
yield
n the

PART 8
STANDARDS FOR PIPING COMPONENTS

K326 DIMENSIONS AND RATINGS OF
COMPONENTS

Paragraph 326 applies in its entirety, except as follows:
(a) Refer to Table K326.1 instead of Table 326.1.

(b) Refer to Appendix K instead of Appendix A.

(c) Refer to para. K303 instead of para. 303.

(d) Refer to para. K304 instead of para. 304.

128
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lower of the two Sy values.

(e) Mechanical testing is required for all performance
qualification tests.

(f) Qualification on pipe or tubing shall also qualify
for plate, but qualification on plate does not qualify for
pipe or tubing.

() 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.

(h) Paragraph 328.2.1(f) applies.
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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 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 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 e A$ME B16.11
Valved—Flanged, Threaded, and Welding End [Note (1)]. . . . . . . . . . i i i i i i i i i e e e e ee e b A$ME B16.34
Line Bllanks [Note (1)] . . . . o v i e e e e e e e e e e e A$ME B16.48
Standard Marking System for Valves, Fittings, Flanges, and Unions . . . . . . . . . . . .. . . .. m . MSS SP-25
High Rressure Chemical Industry Flanges and Threaded Stubs for Use with Lens Gaskets. . . . . . ... .. %/, .. MSS SP-65
Metallic Pipe and Tubes
Welde[d and Seamless Wrought Steel Pipe [Note (1)] . . . . . . . . . . oo it o i X0 ASME B36.10M
Stainlgss Steel Pipe [Note (1)] . . . . . o o v i i i e e e N ASME B36.19M
Miscellaneous
Threading, Gauging, and Thread Inspection of Casing, Tubing, and Line Pipe Thfeads . . . . . ... ... ... .... API 5B
Unifiefl Inch Screw Threads (UN and UNR Thread Form) . . . . . . . o i i o v v v e et e et e et e e e e e ASME B1.1
Pipe Threads, General Purpose (Inch) . . . ... ... ... . . N ASME B1.20.1
Metalljc Gaskets for Pipe Flanges. . . . . . . . . o o i i i e e A$ME B16.20
Buttwelding Ends . . . . . . o e e 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). . . . .\ . . . . oo 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.

K328.2.2 Procedure Qualification by Others. Quali-
fication of welding procedures by others is not
perniitted.

K328.2.3 Performance Qualification by Others.
Welding performance qualification by others is not
pernfitted.

K328.2.4"Qualification Records. Paragraph 328.2.4
applies.

K328.3.3 Consumable Inserts. Paragraph 328.3.3
applies, except that procedures shall be quplified as
required by para. K328.2.

K328.4 Preparation for Welding
K328.4.1 Cleaning. Paragraph 328.4.1 applies.

K328.4.2 End Preparation
(a) General
(1) Butt weld end preparation is acceptalple only if

K328-3 Materiats

K328.3.1 Filler Metal. Filler metal shall be specified
in the engineering design and shall conform to the
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.
shall not be used.

Backing rings

thre—surfacetsmachined-or ground-—to-brightetal.

(2) Butt welding end preparation contained in
ASME B16.25 or any other end preparation which meets
the procedure 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
sketches (a) and (b).]

(b) Circumferential Welds

(1) If components ends are trimmed as shown in
Fig. 328.4.2 sketch (a) or (b) to accommodate consumable
inserts, or as shown in Fig. K328.4.3 to correct internal
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Fig. K328.4.3 Pipe Bored for Alignment: Trimming
and Permitted Misalignment

28 mm (Y, in.) —»-1

N

A

/

T

tm

_L#

>

Round corner

Permitted misalignment
<1.5 mm {45 in.). See WPS.

misaligninent, such trimming shall not result in a fin-
ished wall thickness before welding less than the
required minimum wall thickness, t,,.

© (2) Tt is permissible to size pipe ends of the same
nominal fize to improve alignment, if wall thickness
requiremgnts are maintained.

' (3) Where necessary, weld metal may be deposited
ont the irfside or outside of the component to permit
alignmentt or provide for machining to ensure satisfac-
tory seating of inserts.

(4) When a butt weld joins sections of unequal wall
thickness| and the thicker wall is more than 1% times
the thickrjess of the other, end preparation and geometry
shall be [in accordance with acceptable designs for
unequal all thickness in ASME B16.5.

K328.
(a) Gir
(D1

be joined
in the wyq
except th
is permit
(2) 1

.3 Alignment

h Butt Welds

hside diameters of components at the ends to
shall be aligned within the dimensional limits
lding procedure and the efigirieering design,
ht no more than 1.5 mm(% in.) misalignment
ed as shown in Fig. K3284.3.

the external surfaces of the two components
are not aligned, the weld shall be tapered between the
two surfgces with a slepé hot steeper than 1:4.

(b) Lonlgitudinal Buttjoints. Preparation for longitudi-
nal butt welds (némade in accordance with a standard
listed in Table K=I*or Table K326.1) shall conform to the
requirementsof para. K328.4.3(a).

(¢) Brauch Connection Welds

(a) All welds, including tack welds, repair welds, and
the addition of weld metal for alignment [paras.
K328.4.2(b)(3) and K328.4.3(c)(1)], shall be made by qual-
ified welders or welding operators, in accordance with
a qualified procedure.

(b) Tack welds at the root of the joint shall be made
with filler metal equivalent to that used for the root
pass. Tack welds shall be fused with the root pass weld,
except that those which have cracked shall be removed.
DITALEe K dDOVE € I'OO pe Ic

oved.

K328.5.2 Fillet Welds. Fillet welds, where pernpitted
(see para. K311.2.2), shall be fused with and)shall therge
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 smdothly
contoured full penetration‘gnoove welds of a desigh that
permits 100% interpretable radiographic examirfation
are the only types acceptable.

Figure K328.5.4.shows acceptable details of w
branch connections. The illustrations are typical ar|
not intended t6.exclude acceptable types of constry
not shown.

blded
d are
ction

K328:5.5 Fabricated Laps. Fabricated laps ate not
permitted.

K328.6 Weld Repair

Paragraph 328.6 applies, except that procedure
performance shall be qualified as required by
K328.2.1. See also para. K341.3.3.

5 and
para.

K330 PREHEATING

K330.1 General

The requirements in para. K330 apply to all tyy
welding, including tack welds and repair welds.

es of

K330.1.1 Requirements. The necessity fo1 pre-
heating prior to welding, and the temperature fo be
used, shall be established by the engineering dé¢sign.
However, the preheat temperatures for the vafious
P-Number materials shall be not less than those
shown in Table 330.1.1, including those shown as
“Recommended.” The suitability of the preheat temper-

(1) The dimension m in Fig. K328.5.4 shall not
exceed +1.5 mm (Y%, in.).

(2) The dimension g in Fig. K328.5.4 shall be speci-
fied in the engineering design and the welding
procedure.

K328.5 Welding Requirements

K328.5.1 General. The requirements of paras.
328.5.1(b), (d), (e), and (f) apply in addition to the
requirements specified below.

ature sttt atso be demonstrated by the procedure quali-
fication. For joints of dissimilar thickness, the nominal
wall thickness stated in Table 330.1.1 shall be that of the
thicker component at the joint.

K330.1.2 Unlisted Materials. Preheat requirements
for an unlisted material shall be specified in the WPS.

K330.1.3 Temperature Verification. Preheat temper-
ature shall be checked by use of temperature-indicating
crayons, thermocouple pyrometers, or other suitable
means to ensure that the temperature specified in the
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Fig. K328.5.4 Some Acceptable Welded Branch Connections Suitable for 100% Radiography

— —¢-Branch

WPS|is obtained prior to and maintained during welds
ing. femperature-indicating materials and techniques
shall|not be detrimental to the base metals.

K330.1.4 Preheat Zone. The preheat zone shall
exterld at least 25 mm (1 in.) beyond each édge of the
weld

K330.2 Specific Requirements
Paragraph 330.2 applies inyits .entirety.

K331 HEAT TREATMENT
The text introdueing para. 331 applies.

K331.1 General

K331.1.1*Heat Treatment Requirements. The provi-
siong of,.para. 331 and Table 331.1.1 apply, except as

K331.1.3 Governing Thickness. When components
are joined by welding, the thickness to b¢ used in
applying the heat treatment provisions of Taljle 331.1.1
shall be that of the thicker component measufed 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 requifed when
the thickness through the weld and base mefal in any
plane is more than twice the minimum matefial thick-
ness requiring heat treatment (even though the|thickness
of the components at the joint is less than that minimum
thickness) except as follows:

(a) not required for P-No. 1 materials when weld
throat thickness is 16 mm (% in.) or less, reghrdless of
base metal thickness.

(b) not required for P-Nos. 3,4, 5, 10A, and [0B mate-
rials when weld throat thickness is 6 mm (% ifh.) or less,

speciftecHbetow:

(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.

1ega1dle>b of basemetat—thickmess; Piuvideu 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 which does not air harden. Aus-
tenitic welding materials may be used for welds to fer-
ritic materials when the effects of service conditions,
such as differential thermal expansion due to elevated
temperature, or corrosion, will not adversely affect the
weldment.
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K331.1.4 Heating and Cooling. Paragraph 331.1.4
applies.

K331.1.6 Temperature Verification. Heat treatment
temperature shall be checked by thermocouple pyrome-
ters or other suitable methods to ensure that the WPS
requirements are met. Temperature-indicating materials
and techniques shall not be detrimental to the base
metals.

shall be not less than required by design. The procedure
shall address at least the following, as applicable:

(a) material specification and range of size and
thickness

(b) maximum fiber elongation expected during
forming

(c) minimum and maximum metal temperature dur-
ing bending

(d) method of heating and maximum hold time

K331
applies.

1.7 Hardmess Tests:

Paragrapir 33117

K331.2 $pecific Requirements

Paragraph 331.2 applies in its entirety.

K332 BENDING AND FORMING
K332.1 General

Pipe shall be hot or cold bent in accordance with a
written procedure to any radius which will result in
surfaces free of cracks and free of buckles. The procedure
shall addpress at least the following, as applicable:

(a) mdterial specification and range of size and
thickness|

(b) range of bend radii and fiber elongation

(c) minfimum and maximum metal temperature dur-
ing bending

(d) mefhod of heating and maximum hold time

(e) desfription of bending apparatus and procedure
to be used

(f) mandrels or material and procedure used_to fill
the bore

(g) me
surfaces

(h) examination to be performed

(i) reqiiired heat treatment

(j) pogtheat treatment dimensional adjustment
techniqug

hod for protection of thread and- machined

K332.2 Bending

K332.2.1 Bend Flattening. The difference between
the maxinum and the minimum diameters at any cross
section of a bend'shall not exceed 8% of nominal outside
diametet fof-internal pressure and 3% for external
pressure.

(e) description of forming apparatus and prec¢dure
to be used

(f) materials and procedures used to provide int
support during forming

(g) examination to be performed

(h) required heat treatment

ernal

K332.4 Required Heat Treatment

K332.4.1 HotBendingand Forming. After hotbend-
ing and forming, heat-treatment is required for all fhick-
nesses of P-Nos. 3,4, 5, 6, 10A, and 10B material$ that
are not quenched)and tempered. Times and ten:fera—
tures shall bein 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 treaf
ih accordance with (b) below is required, regardl
thickness, when specified in the engineering design or
when the maximum calculated fiber elongation exfeeds
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 (4nless
it has been demonstrated that the selection of the pipe
and the procedure for making the components prpvide
assurance that the most severely formed portion ¢f the
material has retained an elongation of not less than [L0%).

(b) Heat treatment is required regardless of thickness
and shall conform to the temperatures and durgtions
given in Table 331.1.1, except that for quenched and
tempered materials, the stress relieving temperpture
shall not exceed a temperature 28°C (50°F) beloy the
tempering temperature of the material.

ment
bss of

K332.2.2 Bending Temperature. Paragraph 332.2.2
applies, except that in cold bending of quenched and
tempered ferritic materials, the temperature shall be at
least 28°C (50°F) below the tempering temperature.

K332.3 Forming

Piping components shall be formed in accordance
with a written procedure. The temperature range shall
be consistent with material characteristics, end use, and
specified heat treatment. The thickness after forming

132

K333 BRAZING AND SOLDERING

Brazing shall be in accordance with para. 333. The
owner shall specify examination requirements for
brazed joints.

K335 ASSEMBLY AND ERECTION

K335.1 General
Paragraph 335.1 applies.
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K335.2 Flanged Joints

Paragraph 335.2 applies, except that bolts shall extend
completely through their nuts.

K335.3 Threaded Joints

Paragraph 335.3 applies, except that threaded joints
shall not be seal welded.

K335.4 Special Joints

K341.4.1 Visual Examination
(a) The requirements of para. 341.4.1(a) apply with the
following exceptions in regard to extent of examination:
(1) Materials and Components. 100%.
(2) Fabrication. 100%.
(3) Threaded, Bolted, and Other Joints. 100%.
(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

Special joints (as defined 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
Se¢ Appendix F, para. F335.9.

PART 10
NSPECTION, EXAMINATION, AND TESTING

K340 INSPECTION
Paragraphs 340.1 through 340.4 apply.

K341 EXAMINATION
Pafagraphs 341.1 and 341.2 apply.

K341.3 Examination Requirements

KB41.3.1 General. Prior to initial operatiorn,each
pipinig installation, including components .and work-
manghip, shall be examined in accordance with para.
K341]4 and the engineering design. If -heat treatment
is pefformed, examination shall be ¢ohducted after its
completion.

KB41.3.2 Acceptance Criteria.” Acceptance criteria
shall|be as stated in the engineéring design and shall at
least|meet the applicablereqlirements stated in (a) and
(b) below, and elsewhere in this Chapter.

(a)] Table K341.3.2:States acceptance criteria (limits on
imperfections) forwelds. See Fig. 341.3.2 for typical weld
impefrfections’

(b)| Acceptance criteria for castings are specified in
para|K302)3.3.

ensure that movement of the piping under all donditions
of startup, operation, and shutdown will-He accom-
modated without undue binding ox\unanticipated
constraint.
(b) Pressure-Containing Threads.n\100% examination for
finish and fit is required. Items with visible fmperfec-
tions in thread finish and/er the following defects shall
be rejected:
(1) Tapered Threads.~Failure to meet gaging require-
ments in API Spec 5B-0r ASME B1.20.1, as applicable.
(2) Straight Fhreads. Excessively loose of tight fit
when gaged for light interference fit.

K341.4.2 Radiographic and Ultrasonic Examination

(a) Al girth, longitudinal, and branch cgnnection
welds'shall be 100% radiographically examingd, except
as permitted in (b) below.

(b) When specified in the engineering desigr
the owner’s approval, ultrasonic examination
may be substituted for radiographic examinat
Tp 2 13 mm (Y% in.).

(c) In-process examination (see para. 344.7
be substituted for radiographic or ultrasonic
tion of welds.

and with
of welds
on where

shall not
examina-

K341.4.3 Certifications and Records. Paragraph
341.4.1(c) applies.

K341.5 Supplementary Examination

Any of the examination methods describedl in para.
K344 may be specified by the engineering Hesign to
supplement the examination required by parp. K341.4.
The extent of supplementary examination tp be per-
formed and any acceptance criteria that differ from those
specified in para. K341.3.2 shall be specified ir} the engi-
neering design.

K341.5.1 Hardness Tests.

Paragraph 341.5.2

K3#%1:3:3Defective-Components-and-Workmanship
(a) Defects (imperfections of a type or magnitude not
acceptable by the criteria specified in para. K341.3.2)
shall be repaired, or the defective item shall be replaced.
(b) Repaired or replaced items shall be examined as
required for the original work.

K341.4 Extent of Required Examination

Piping shall be examined to the extent specified herein
or to any greater extent specified in the engineering
design.
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applies.

K341.5.2 Examinations to Resolve Uncertainty.
Paragraph 341.5.3 applies.

K342 EXAMINATION PERSONNEL

Paragraph 342 applies, except that personnel per-
forming and evaluating results of ultrasonic examina-
tion of welds shall be qualified and certified UT Level
II or IIT in accordance with ASNT SNT-TC-1A, ACCP

(10

(10
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(10) Table K341.3.2 Acceptance Criteria for Welds
Criteria (A—E) for Types of Welds, and for Required Examination Methods [Note (1)]
Methods Type of Weld
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 A )
Internal pofosity X B B NA B
Slag inclusion or elongated indication S 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 (, 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 (Y4o)
>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 reinforeemient or internal protrusion [Note (6)] External Weld Reinforcemlent
in any planesthrough the weld shall be within the Wall Thickness, or Internal Weld Protrusiof,
limits of the-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 (Vo)

>13 (/4) and <51 (2) <3 )
>51(2) <4 b
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.

134


https://asmenormdoc.com/api2/?name=ASME B31.3 2010.pdf

(10

ASME B31.3-2010

(ASNT Central Certification Program), or CP-189
(Qualification and Certification of Nondestructive
Testing Personnel). Qualification of these personnel shall
also be by written examination.

K343 EXAMINATION PROCEDURES
Paragraph 343 applies. See also para. 344.6.1.

Fig. 2(c) of E 213 to a depth not greater than the larger
of 0.1 mm (0.004 in.) or 4% of specimen thickness and
a length not more than 10 times the notch depth.

(2) The pipe or tubing shall be scanned in both
circumferential directions in accordance with Supple-
mental Requirement S1 of E 213. (Removal of external
weld reinforcement of welded pipe may be necessary
prior to this examination.)

(b) Acceptance Criteria. Any indication greater than

TYPES OF EXAMINATION

K34j
K344.1 General

Paragraphs 344.1.1 and 344.1.2 apply. In para. 344.1.3,
terms other than “100% examination” apply only to
supplementary examinations.

K344.2 Visual Examination

Paragraph 344.2 applies in its entirety.

K344.3 Magnetic Particle Examination

The method for magnetic particle examination shall
be aq specified in

(a)| paragraph K302.3.3(b) for castings

(b)| BPV Code, Section V, Article 7 for welds and other
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, Article 6 for welds@nd other
components

K344.5 Radiographic Examination

The method for radiographic examination shall be as
specified in

(a)| paragraph K302.3.3(c)-for' castings

(b)] BPV Code, Section Vs Article 2 for welds and other
components

K344.6 Ultrasonic Examination

K344.6.1/Castings. The method for ultrasonic
inatien\of castings shall be as specified in para.

that produced by the catibration notch represents a
defect; defective pipe and tubing shall be, rej¢cted.

(c) Records. For pipe and tubing that pdsses this
examination, records specified~in/Supplemental
Requirement S5 of ASTM E 213 shall’be preppred. [See
para. K346.2(g).]

K344.6.3 Welds. Theahethod for ultrasorjic exami-
nation of welds shall be.as Specified in the ASME BPV
Code, Section V, Arti€le)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
CP-189:The recommended guidelines in SNT-TC-1A,
ACCER, or CP-189 shall be required.

(c) Written procedure in accordance with
d<421.1 shall be required.

(d) Procedure qualification in accordahce with
Section V, T-421.1 shall be required.

bection V,

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
examination of pipe and tubing shall follow the general
guidelines of the ASME BPV Code, Section V,|Article 8§,
subject to the following specific requirements;

(a) Cold drawn austenitic stainless steel pip¢ and tub-
ing, selected in accordance with Table K305.1.2 for eddy
current examination, shall pass a 100% examination for
longitudinal defects.

(b) A calibration (reference) standard shall be pre-
pared from a representative sample. A longitudinal
(axial) reference notch shall be introduced on|the inner
surface of the standard to a depth not greatet than the

K344:6:
(a) Method. Pipe and tubing, required or selected in

‘accordance with Table K305.1.2 to undergo ultrasonic
E:examination, shall pass a 100% examination for longitu-
-dinal defects in accordance with ASTM E 213, Ultrasonic
: Examination of Metal Pipe and Tubing. The following
“specific requirements shall be met:

(1) A calibration (reference) standard shall be pre-

:Vpared from a representative sample. Longitudinal (axial)

reference notches shall be introduced on the outer and
inner surfaces of the standard in accordance with
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targerof 0.1 mm (0:004 Iy or 5% of specimen thickness
and a length not more than 6.4 mm (0.25 in.).

K344.8.2 Acceptance Criteria. Any indication
greater than that produced by the calibration notch rep-
resents a defect; defective pipe or tubing shall be
rejected.

K344.8.3 Records. For pipe and tubing which pas-
ses this examination, a report shall be prepared that
includes at least the following information:

(a) material identification by type, size, lot, heat, etc.
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(b) listing of examination equipment and accessories

(c) details of examination technique (including exam-
ination speed and frequency) and end effects, if any

(d) description of the calibration standard, including
dimensions of the notch, as measured

(e) examination results

K345 LEAK TESTING

in excess of S at the outside surface of a component'!
at test temperature, as determined by calculation or by
testing in accordance with para. K304.7.2(b), the test
pressure may be reduced to the maximum pressure that
will result in a stress (exclusive of stress intensification)
at the outside surface which 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 temper-

K345.1 Required Leak Test

Prior t¢ initial operation, each piping system shall be
" leak testdd.

(1) Eadh weld and each piping component, except
~bolting ahd individual gaskets to be used during final
. system apsembly 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, rpspectively. The organization conducting the
. test shall jensure that during the required leak testing of

componehts and welds, adequate protection is provided
to prevent injury to people and damage to property from
missile fragments, shock waves, or other consequences
of any failure that might occur in the pressurized system.

(b) In dddition to the requirements of (a) above, a leak
test of thp installed piping system, excluding pressure
relieving |devices to be used during operation, shall be
conductefl at a pressure not less than 110% of the design
pressure [fo ensure tightness, except as provided in (c)
or (d) below.

(c) If tle leak test required in (a) above is condudted
on the ingtalled piping system, the additional testin (b)
above is hot required.

(d) With the owner’s approval, pressure relieving
devices tp be used during operation may: be included
in the leak test required in (b) above(The leak test pres-
sure may] be reduced to prevent the operation of, or
damage to, the pressure relievingydevices, but shall not
be less than 90% of the lowest(set pressure of the pressure
relieving |devices in the system.

(e) For|closure welds;&xamination in accordance with
para. K345.2.3(c) may-be substituted for the leak test
required [n (a) above.

e of the'following leak tests may be used in
leald tests required in para. K345.1:

(3) alternative leak test (para. 345.9)

K345.2 General Requirements for Leak Tests

Paragraphs 345.2.4 through 345.2.7 apply. See below
for paras. K345.2.1, K345.2.2, and K345.2.3.

K345.2.1 Limitations on Pressure
(a) Through-Thickness Yielding. If the test pressure
would produce stress (exclusive of stress intensification)
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ature during testing shall be not less than the~irphpact
test temperature (see para. K323.3.4).

Para-
o the
ppli-
rified

K345.2.3 Special Provisions for Leak Testing.
graphs K345.2.3(a), (b), and (c) belowjapply only
leak test specified in para. K345.1(a)."Fhey are not 4
cable to the installed piping system leak test spe|
in para. K345.1(b).

(a) Piping Components apd Subassemblies. Piping
ponents and subassemblies’may be leak tested
separately or as assembled piping.

(b) Flanged Joints, Flanged joints used to connect pip-
ing components_that have previously been leak t¢sted,
and flanged jeints at which a blank or blind flange is
used to isolate equipment or other piping durinlg the
leak test, meed not be leak tested.

(ch€ldsure Welds. Leak testing of the final weld
necting piping systems or components that have
sticcessfully leak tested is not required, provide
weld is examined in-process in accordance with
344.7 and passes the required 100% radiographic e
nation in accordance with para. K341.4.2.

com-
bither

con-
been
d the
para.
ami-

K345.3 Preparation for Leak Test
Paragraph 345.3 applies in its entirety.

K345.4 Hydrostatic Leak Test

Paragraph 345.4.1 applies. See paras. K345.4.2
K345.4.3 below.

and

K345.4.2 Test Pressure for Components and Welds.
The hydrostatic test pressure shall be as calculated in
paras. 345.4.2(a) and (b), excluding the limitation pf 6.5
for the maximum value of R,, and using allowable
stresses from Table K-1 rather than stress values|from
Table A-1.

a System. Paragraph 345.4.3(a) applies.

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

1 See para. K304.1.2, footnote 5.
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required for the hydrostatic test in accordance with para.
K345.4.2.

K345.6 Hydrostatic-Pneumatic Leak Test for
Components and Welds

If a combination hydrostatic-pneumatic leak test is
used, the requirements of para. K345.5 shall be met, and
the pressure in the liquid-filled part of the piping shall

K346.2 Required Records

At least the following records, as applicable, 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 of materials including the procedure used

not exceed-the limits stated in para-K3454.2
T tor each, and location of repairs
(e) performance qualifications for welders’dnd weld-
ing operators

K346 RECORDS (f) qualifications of examination personnel

(g) records of examination of pipeand tubing for lon-
K344.1 Responsibility gitudinal defects as specified in paras. K344.6.4 and

It ip the responsibility of the piping designer, the man- K344.8.3

ufacturer, the fabricator, and the erector, as applicable,
to prppare the records required by this Chapter and by
the epgineering design.

K346.3 Retention of Records

The owner shall retain one set of the requirg
for at least 5 years after they are received.

d records
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Chapter X
High Purity Piping

U300 GENERAL STATEMENTS

in para. 302.2.3 and the mechanical strength require-

(a) Chapter X pertains to piping designated by the
owner ag being in High Purity Fluid Service. See also
Appendix M.

(b) Th¢ organization, content, and paragraph desig-
nations of this Chapter correspond to those of the base
Code (Chapters I through VI), Chapter VII, and Chapter
VIIIL The prefix U is used to designate Chapter X require-
ments.

(c) Prdvisions and requirements of the base Code,
Chapter VII, and Chapter VIII apply only as stated in
this Chapter.

(d) For piping not in High Purity Fluid Service, Code
requiremgnts are found in Chapters I through IX.

(e) High Purity Piping. Chapter X provides alternative
rules for design and construction of piping designated
by the owner as being High Purity Fluid Service.

(1) These rules apply only when specified by the
owner, aind only as a whole, not in part.

(2) Chapter X rules do not provide for High
Pressure [Fluid Service.

(3) (hapter VII applies to nonmetallic piping and
piping lined with nonmetals in High Purity Fluid
Service.

(f) Chdpter I applies.

PART 1
CONDITIONS AND CRITERIA

Chaptgr II, Part 1 applies. See para. U301.3.2(b)(5).

U301.B.2 Uninsulated Components
(b)(5) qompression, faeg'seal, and hygienic clamped
fittings and joints: 100%,‘of the fluid temperature

PART 2
PRESSURE-DESIGN OF PIPING COMPONENTS

Chaptdr II;-Part 2 applies. See Fig. U304.5.3 for repre-

ments described in para. 303.
(b) Compression-type tube fittings may be\used in
accordance with para. U315.2 provided that the type of
fitting selected complies with the following;:
(1) The gripping action of the fitting shall prpvide
vibration resistance as demonstrated by exhibiting a
stress intensity factor equal to,or léss than 1.5.
(2) Intermixing of components from different man-
ufacturers is permitted onlywhen specified in thelengi-
neering design.
(c) Face seal or hygienic clamped-type fittinjgs in
which the tightness of the joint is provided by a sdating
surface other than the threads (e.g., a metal face-seal
fitting comprising internal and external threaded |com-
ponents, glands, and gasket or other constructions
shown typically in Fig. U335.7.1) may be used.

U307:3 High Purity Fluid Service Valves

Valves such as ball, bellows, and diaphragm valves
designed for High Purity Fluid Service that are not Jisted
in Table 326.1 shall meet the pressure design require-
ments described in para. 302.2.2 and the mechqnical
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 permfitted.

PART 4
FLUID SERVICE REQUIREMENTS FOR PIPING JQINTS

Chapter II, Part 4 applies, except expanded jpints,
flared tube fittings, and caulked joints, described in
paras. 313, 315, and 316, respectively, are not permiitted.
See paras. U311, U311.1(c), U314, and U315.

sentative coniiguration 1or metal race seal blanks.

PART 3
FLUID SERVICE REQUIREMENTS FOR PIPING
COMPONENTS

Chapter II, Part 3 applies. See paras. U306.6, U307.3,
and U308.

U306.6 Tube Fittings

fa) Tube fittings not listed in Table 326.1 or Appendix
A shall meet the pressure design requirements described

U3TT WELDED JOINTS

Paragraph 311 applies, except for para. 311.1(c). See
para. U311.1(c).

U311.1 General

(c) Examination shall be in accordance with para.
U341.4.1.

U314 THREADED JOINTS

Threaded joints should be avoided whenever possible.
When threaded joints are utilized, para. 314 applies.
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Fig. U304.5.3 Blanks

A\

- U311

~  Pa
~and |

© U31s
o In

;E hygig

! factd

(a) Hygenic Clamp-Type Fitting

TUBING JOINTS

fagraph 315 applies. See paras. U315.1, U315.2(c),
J315.3.

.1 General

belecting and applying compression, face seal, and
nic clamp-type tube fittings, the designer shall con-
the possible adverse effects on the joints of sucH
's as assembly and disassembly, cyclic loading,

vibration, shock, and thermal expansion and contrac-

tion.
U314
(c)
clam
listed
U314
(a)
gaug
tight
(b)

clam

See para. F315.

.2 Joints Conforming to Listed Standards

Joints using compression, fage seal, hygienic
b, and automatic welding tube-fittings covered by
standards may be used.

.3 Joints Not Conforming,to Listed Standards

Compression-type tube’fitting joints shall be fully
eable on initial ifistallation to ensure sufficient
bning.

Safeguardirig is required for face seal or hygienic
ped-typejoints used under severe cyclic conditions.

PART 5
FLEXIBILITY AND SUPPORT

i ‘/\l/ .‘
1

< t,

(b) MetalFacé Seal

purity proces$piping systems include austenit
and duplex stainless steels, and nickel and nic

PART 8
STANDARDS FOR PIPING COMPONEN

Chapter IV applies.

PART 9
FABRICATION, ASSEMBLY, AND ERECT]

U327 GENERAL

Metallic piping materials and components
pared for assembly and erection by one or m
fabrication processes covered in paras. U3
U331, and U332. When any of these processg
in assembly or erection, requirements are thg
for fabrication.

U328 WELDING

Paragraph 328 applies, except for paras|
328.5.4, and 328.5.5. See paras. U328.2.

¢, ferritic,
kel alloys.

TS

ION

are pre-
ore of the
b8, U330,
bs is used
b same as

. 328.3.2,
1(g) and

11328 5 1(g)
O

Chapter II, Part 5 applies.

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

U328.2.1 Qualification Requirements
(g) A change in the type or nominal comp

osition of

the backing (purge) gas shall require requalification.

U328.5 Welding Requirements

U328.5.1 General
(g) Tack welds shall be fully consumed afte

r comple-

tion of the weld. Tack welds shall be made by a qualified

welder or welding operator.
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Fig. U335.7.1 Face Seal Joints

"‘/_\/\_
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\
2 |
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(a) Metal Face Seal

U330 RREHEATING
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 ngt permitted.

U335 ASSEMBLY ANDERECTION

Paragraph 335 applies, except for paras. 335.4.1, 335.5,
and 335.4. See pafas: U335.7 and U335.8.

U335.7 | Face’Seal Joints

%

<

(b) Nonmetallic,Face Seal

U335.8 Hygienic Clamp

Hygiéhic clamp joints shall be installed and asserhbled
in ;acéordance with manufacturer’s instructions.|Care
shall be taken to avoid distorting the seal when incprpo-
rating such joints into piping assemblies by welding.
See Fig. U335.8.

PART 10
INSPECTION, EXAMINATION, AND TESTING

U340 INSPECTION
Paragraph 340 applies in its entirety.

U341 EXAMINATION

Paragraph 341 applies. See paras. U341.3.2 and
U341.4.1.

U341.3.2 Acceptance Criteria. Where weld coupon
examination is specified in the engineering ddsign,
acceptance criteria shall be as stated in the referepcing
Code or standard (e.g., ASME BPE or SEMI) and|shall
at least meet the applicable requirements in para. 341.3.2.

U335.7.1 Metal Face Seal. Metal face seal joints
shall be installed and assembled in accordance with
manufacturer’s instructions. See Fig. U335.7.1,
drawing (a).

U335.7.2 Nonmetallic Face Seal. Nonmetallic face
seal joints shall be installed and assembled in accordance
with manufacturer’s instructions. Care shall be taken to
avoid distorting the seal when incorporating such joints
into piping assemblies by welding. See Fig. U335.7.1,
drawing (b).

U341.4 Extent of Required Examination

U341.4.1 Examination. A weld coupon examination
in accordance with para. U344.8 may be used in lieu
of the 5% random radiography/ultrasonic examination
required in para. 341.4.1(b)(1) when orbital welding is
employed in fabrication.

U341.4.5 Weld Coupon Examination. Weld coupons
shall be made and examined in accordance with para.
U344.8 when any of the following conditions exist:
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Fig. U335.8 Hygienic Clamp

(a)
(b)
(c)
(d)
exterj

(e)

U34]

Pal
U342

U342
(a)

nel o

form
form
persg
in pa
U343

Pa

U344
Pa

beginning of shift

change of purge source

change of power supply

change of equipment, e.g., weld head, weld-head
sions, tungsten

anytime there is a weld defect

P EXAMINATION PERSONNEL

ragraph 342 applies in its entirety. See para.
.2(a).

.2 Specific Requirement

For weld coupon examination

1) the examinations shall be performed by person-
her than those performing the production’work or
2) with the owner’s approval, the personnel per-
ng the production work shall be permitted to per-
the examination, provided the personnel meet the
nnel qualification and cextification requirements
ra. 342.1

§ EXAMINATION'PROCEDURES
fagraph 343 applies.

¢ TYPES/OF EXAMINATION
ragraph 344 applies. See paras. U344.2 and U344.8.

—’\/- e
| /[ | .
. AN &
; k '\ & ): [}
el ! x\‘v | 7|
-4/\—’

(a) alignment

(b) weld penetration

(c) weld bead widthvariation

(d) weld bead meander

(e) discoloration

(f) weld\defects, e.g., cracks, porosity,
stringers

U344.8.2 Method. The examination is
acé¢ordance with para. U344.2, unless otherwisg
in the engineering design.

U345 TESTING

Paragraph 345 applies in its entirety. See par.
and U345.8.

U345.1 Required Leak Test

Paragraph 345.1 applies, except the prefs
method is pneumatic.
(a) Atthe owner’s option, a helium mass spe
test in accordance with para. U345.8.1 may b
lieu of the pneumatic leak test described in p

U345.8 Sensitive Leak Test

Paragraph 345.8 applies, except the helium n
trometer test described in para. U345.8.1 i
acceptable method.

br sulfur

visual, in
specified

hs. U345.1

rrred test

ctrometer
e used in
hra. 345.5.

hass spec-
s also an

Us4s

U344.2 Visual Examination

The test

Paragraph 344.2 applies, except in addition to the
method described in para. 344.2.2, borescopic examina-
tion shall be acceptable.

U344.8 Weld Coupon Examination

U344.8.1 Definition. Weld coupon examination is
a destructive examination. The weld coupon shall be
longitudinally sectioned and examined for the
following;:

shall be one of the following methods and performed
in accordance with the following;:

(a) For pressurized systems, the test shall be in accor-
dance with BPV Code Section V, Article 10, Appendix
IV (Helium Mass Spectrometer — Detector Probe
Technique).

(1) The test pressure shall be the lesser of 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.
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(3) Unless otherwise specified in the engineering
design, the system tested is acceptable when no leakage
is detected that exceeds the allowable leakage rate of
1 % 107* std cc/s.

(b) For evacuated systems, the test shall be in accor-
dance with BPV Code Section V, Article 10, Appendix
V (Helium Mass Spectrometer Test — Tracer Probe
Technique).

(1) The piping system shall be evacuated to an

UM307 METALLIC VALVES AND SPECIALTY
COMPONENTS

Paragraph M307 applies in its entirety. See
para. UM307.2(c).
UM307.2 Specific Requirements

(c) Bellows or diaphragm sealed type valves shall
be used.

absolute presstre sullicient for connection ol the helum
mass speftrometer to the system.

(2) Unless otherwise specified in the engineering
design, the system tested is acceptable when no leakage
is detectgd that exceeds the allowable leakage rate of
1 x 107 ptd cc/s.

U345.9 | Alternative Leak Test

Paragr
ined by W
with parg
mass sp
U345.8.1.

ph 345.9 applies, except welds may be exam-
eld coupon examination method in accordance
. U341.4.5 and the test method may be helium
pctrometer test in accordance with para.

U346 RECORDS

éU346.2 Responsibility
" Ttis the
ufacturer,
to prepa

responsibility of the piping designer, the man-
the fabricator, and the erector, as applicableé,
e the records required by this Code, ASME

the engin

Paragr.

UM300

UM322 SPECIFIC PIPING SYSTEMS

Paragraph M322 applies, except for pata, M322
See para. UM322.3(c).

3(c).

UM322.3 Instrument Piping

(c) joining methods shall conform to the requirenents
of para. U315

UM328 WELDING OF MATERIALS

Welding shall"be in accordance with paras. M311.1
and U328, excépt examination shall be in accorglance
with UM341:

UM335 " ASSEMBLY AND ERECTION OF METALLIC
PIPING
Paragraph M335 applies, except for para. M335.3.3.

See para. UM335.3.3.

UM335.3.3 Straight-Threaded Joints. The require-

BPE, SEMII, or other industry standard as specified in  ments of para. M335.3.3 are subject to the limitatigns in
eering design. para. UM322.
U346.3 Retention of Records
) UM341 EXAMINATION
hph 346.3 applies.
Paragraph M341 applies. See paras. UM341.4(b)(1)
and (2).
PART 11
GH PURITY PIPING IN CATEGORY M UM341.4 Extent of Required Examination
FLUID SERVICE (b) Other Examination
GENERAL-STATEMENTS (1) The 20% random radiography/ultragonic
examination required in para. M341.4(b)(1) appligs.
(a) Chapter X;*Part 11 pertains to piping designated (2) The in-process examination alternative pgrmit-
by the owner:ds being high purity piping in Category ted in M341.4(b)(2) applies, except a weld coupon exami-
M Fluid Service—See-atso-Appendixiv: Tatiorn i accordarnce with para. U344-8 5 also an

(b) The organization, content, and paragraph desig-
nations of these Parts correspond to those of Chapter
VIIL. The prefix UM is used.

(c) Paragraphs M300(d), (e), and (f) apply.

(d) Provisions and requirements of Chapter VIl apply
with the additional requirements in paras. UM307,
UM307.2, UM322, UM322.3, UM328, UMS335,
UMS335.3.3, UM341, UM341.4(b)(1) and (2), and
UM345(b).

142

acceptable substitute when specified in the engineering
design or by the Inspector.

UM345 TESTING

Paragraph M345(a) applies. See para. UM345(b).

(b) A sensitive leak test in accordance with para.
U345.8 shall be included in the required leak test
(para. U345.1).
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APPENDIX A
ALLOWABLE STRESSES AND QUALITY FACTORS FOR METALLIC
PIPING AND BOLTING MATERIALS

Begins on the next page.
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Specification Index for Appendix A

Silicon

144

Spec. Spec.
No. Title No. Title
ASTM ASTM (Cont’d)
A 36 Carbon Structural Steel A 302 Pressure Vessel Plates, Alloy Steel, Manganese-
A 47 Ferritic Malleable Iron Castings Molybdenum and Manganese-Molybdenum-Nickel
A 48 Gray Iron Castings A 307 Carbon Steel Bolts and Studs, 60,000 PSI Tensile
A 53 Pipe, Steel, Black and Hot-Dipped, Zinc Coated, Strength
Welded and Seamtess A3TZ Seamtess, Wetded, and Heavily Cotd Worked Augten-
itic Stainless Steel Pipe
A 105 Carbon Steel Forgings, for Piping Applications A 320 Alloy-Steel and Stainless Steel Bolting Materials for
A 106 Seamless Carbon Steel Pipe for High-Temperature Low-Temperature Service
Service A 325 Structural Bolts, Steel, Heat Treated{ #20/105 ks
A 126 Gray Cast Iron Castings for Valves, Flanges, and Pipe Minimum Tensile Strength
Fittings A 333 Seamless and Welded Steel Ripefor Low-Temperp-
A 134 Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS ture Service
16 and Over) A 334 Seamless and Welded Gawbon and Alloy-Steel Tubes
A 135 Electric-Resistance-Welded Steel Pipe for Low-Temperaturé&:Setvice
A 139 Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and A 335 Seamless Ferritic Altoy)Steel Pipe for High-
Over) TemperatureSetyice
A 167 Stainless and Heat-Resisting Chromium-Nickel Steel A 350 Carbon and Low*Alloy Steel Forgings, Requiring Notch
Plate, Sheet and Strip Toughnéss Testing for Piping Components
A 179 Seamless Cold-Drawn Low-Carbon Steel Heat- A 351 Castings, Austenitic, for Pressure-Containing Partp
Exchanger and Condenser Tubes A 352 SteelLastings, Ferritic and Martensitic, for Pressjire-
A 181 Carbon Steel Forgings for General Purpose Piping Cantaining Parts Suitable for Low-Temperature
A 182 Forged or Rolled Alloy and Stainless Steel Pipe Service
Flanges, Forged Fittings, and Valves and Parts for A 353 Pressure Vessel Plates, Alloy Steel, 9 Percent Nidkel,
High Temperature Service Double Normalized and Tempered
A 193/A 193M Alloy-Steel and Stainless Steel Bolting Materials for A 354 Quenched and Tempered Alloy Steel Bolts, Studd,
High Temperature or High Pressure Service and and Other Externally Threaded Fasteners
Other Special Purpose Applications A 358 Electric-Fusion-Welded Austenitic Chromium-Nickel
A 194/A 194M  Carbon and Alloy Steel Nuts for Bolts for High Alloy Stainless Steel Pipe for High-Temperaturg
Pressure or High Temperature Service, or Bqth Service and General Applications
A 197 Cupola Malleable Iron A 369 Carbon and Ferritic Alloy Steel Forged and Bored
Pipe for High-Temperature Service
A 202 Pressure Vessel Plates, Alloy Steel, Chromium- A 376 Seamless Austenitic Steel Pipe for High-Temperajure
Manganese-Silicon Central-Station Service
A 203 Pressure Vessel Plates, Alloy Steel;*Nickel A 381 Metal-Arc-Welded Steel Pipe for Use with High-
A 204 Pressure Vessel Plates, Alloy-Steel, Molybdenum Pressure Transmission Systems
‘A 216 Steel Castings, Carbon, Suitable for Fusion Welding A 387 Pressure Vessel Plates, Alloy Steel, Chromium-
for High-Temperature \Setvice Molybdenum
A 217 Steel Castings, Martensitic Stainless and Alloy, for A 395 Ferritic Ductile Iron Pressure-Retaining Castings for
: Pressure-Containing Parts Suitable for High- Use at Elevated Temperatures
Temperature Service
A 234 Piping Fitting§ 6f Wrought Carbon Steel and Alloy A 403 Wrought Austenitic Stainless Steel Piping Fittingg
Steelfor Moderate and High Temperatures A 409 Welded Large Diameter Austenitic Steel Pipe for [Cor-
A 240 Chromium and Chromium-Nickel Stainless Steel rosive or High-Temperature Service
Plate, Sheet, and Strip for Pressure Vessels A 420 Piping Fittings of Wrought Carbon Steel and Allo
A 268 Seamless and Welded Ferritic and Martensitic Stain- Steel for Low-Temperature Service
less Steel Tubing for General Service A 426 Centrifugally Cast Ferritic Alloy Steel Pipe for Higlp-
A 269 Secamless and Welded Austonitic Stainless Stool Tnmpnr:lhlrn Service
Tubing for General Service A 437 Alloy-Steel Turbine-Type Bolting Material Specifically
A 278 Gray Iron Castings for Pressure-Containing Parts for Heat Treated for High-Temperature Service
Temperatures Up to 650°F (350°C) A 451 Centrifugally Cast Austenitic Steel Pipe for High-
A 283 Low and Intermediate Tensile Strength Carbon Steel Temperature Service
Plates A 453 High Temperature Bolting Materials, with Expansion
A 285 Pressure Vessel Plates, Carbon Steel, Low- and Inter- Coefficients Comparable to Austenitic Stainless
mediate-Tensile Strength Steels
A 299 Pressure Vessel Plates, Carbon Steel, Manganese- A 479 Stainless Steel Bars and Shapes for Use in Boilers

and Other Pressure Vessels
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Spec. Spec.
No. Title No. Title

ASTM (Cont’d) ASTM (Cont’d)

A 487 Steel Castings Suitable for Pressure Service B 127 Nickel-Copper Alloy (UNS N04400) Plate, Sheet, and
A 494 Castings, Nickel and Nickel Alloy Strip
B 133 Copper Rod, Bar and Shapes
A 515 PTeSSUTe VESSEl Plates, Carbon Steet, for Mtermedt- B 143 AlUmMIMuUm-Bronze sand Castngs
ate- and Higher-Temperature Service B 150 Aluminum-Bronze Rod, Bar and Shapes
A 516 Pressure Vessel Plates, Carbon Steel, for Moderate- B 152 Copper Sheet, Strip, Plate and Rolled“Bar
and Lower-Temperature Service B 160 Nickel Rod and Bar
A 524 Seamless Carbon Steel Pipe for Atmospheric and B 161 Nickel Seamless Pipe and Tubé
Lower Temperatures B 162 Nickel Plate, Sheet and Strip
A 537 Pressure Vessel Plates, Heat-Treated, Carbon- B 164 Nickel-Copper Alloy Rod,~Banand Wire
Manganese-Silicon Steel B 165 Nickel-Copper Alloy (UNS_,N04400) Seamlesp Pipe
A 553 Pressure Vessel Plates, Alloy Steel, Quenched and and Tube
Tempered 8 and 9 Percent Nickel B 166 Nickel-Chromiumstran Alloys (UNS N06600, NO6601,
A 563 Carbon and Alloy Steel Nuts N06603, N06690, N06693, N06025, and
A 570 Steel Sheet and Strip, Carbon Hot-Rolled N06045)*and Nickel-Chromium-Cobalt-Mdlybde-
A 571 Austenitic Ductile Iron Castings for Pressure- num Attoy (UNS N06617) Rod, Bar, and Wire
Containing Parts Suitable for Low-Temperature B 167 Nickél-Chromium-Iron Alloys (UNS N06600, N06601,
Service N06603, N06690, N0O6693, N0O6025, and
A 587 Electric-Resistance-Welded Low-Carbon Steel Pipe for N06045)* and Nickel-Chromium-Cobalt-Mplybde-
the Chemical Industry num Alloy (UNS N06617) Seamless Pipe hnd Tube
B 168 Nickel-Chromium-Iron Alloys (UNS N06600, N06601,
A 645 Pressure Vessel Plates, Five Percent Nickel Alloy N06603, N06690, N0O6693, N0O6025, and
Steel, Specially Heat Treated N06045)* and Nickel-Chromium-Cobalt-Mplybde-
A 671 Electric-Fusion-Welded Steel Pipe for Atmospheric num Alloy (UNS N06617) Plate, Sheet, arld Strip
and Lower Temperatures B 169 Aluminum-Bronze Sheet, Strip, and Rolled Bar
A 672 Electric-Fusion-Welded Steel Pipe for High-Pressure B 171 Copper-Alloy Plate and Sheet for Pressure Vessels,
Service at Moderate Temperatures Condensers, and Heat Exchangers
A 675 Steel Bars, Carbon, Hot-Wrought, Special Quality, B 187 Copper, Bus Bar, Rod, and Shapes and Genjeral
Mechanical Properties Purpose Rod, Bar, and Shapes
A 691 Carbon and Alloy Steel Pipe, Electric Fusion-Welded
for High-Pressure Service at High Temperatures B 209 Aluminum and Aluminum-Alloy Sheet and Plate
B 210 Aluminum and Aluminum-Alloy Drawn Seanjless
A 789 Seamless and Welded Ferritic /Austenitic Stainless Tubes
Steel Tubing for General Service B 211 Aluminum and Aluminum-Alloy Bars, Rods, pnd Wire
A 790 Seamless and Welded FerritiefAustenitic Stainless B 221 Aluminum and Aluminum-Alloy Extruded Bafs, Rods,
Steel Pipe Wire, Profiles, and Tubes
B 241 Aluminum and Aluminum-Alloy Seamless Pipe and
A 815 Wrought Ferritic,Ferritic/Austenitic, and Martensitic Seamless Extruded Tube
Stainless Steel\Piping Fittings B 247 Aluminum and Aluminum-Alloy Die Forgings, Hand
Forgings, and Rolled Ring Forgings
A 992 Structural\Steel Shapes B 265 Titanium and Titanium Alloy Strip, Sheet, ad Plate
B 280 Seamless Copper Tube for Air Conditioning pnd
B 21 NavalBrass Rod, Bar, and Shapes Refrigeration Field Service
B 26 Aldminum-Alloy Sand Castings B 283 Copper and Copper-Alloy Die Forgings (Hot-Pressed)
B 42 Seamless Copper Pipe, Standard Sizes
B 43 Secamless RPod Brass Dirr_\n' Standard Sizes B 333 Nirl{nl_l\llnl\,lhdnnllm Alln\]l Dlnrn' thnr' and tr|p
B 61 Steam or Valve Bronze Castings B 335 Nickel-Molybdenum Alloy Rod
B 62 Composition Bronze or Ounce Metal Castings B 338 Seamless and Welded Titanium and Titanium Alloy
B 68 Seamless Copper Tube, Bright Annealed Tubes for Condensers and Heat Exchangers
B 75 Seamless Copper Tube B 345 Aluminum and Aluminum-Alloy Seamless Pipe and
B 88 Seamless Copper Water Tube Seamless Extruded Tube for Gas and Qil Transmis-
B 96 Copper-Silicon Alloy Plate, Sheet, Strip, and Rolled sion and Distribution Piping Systems
Bar for General Purposes and Pressure Vessels B 361 Factory-Made Wrought Aluminum and Aluminum-
B 98 Copper-Silicon Alloy Rod, Bar and Shapes Alloy Welding Fittings
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Spec.
No.

Title

Spec.
No.

Title

ASTM (Cont’d)

B 363

B 366
B 381

B 407
B 409
B 423
B 424
B 425
B 435

B 443

B 444
B 446

B 462

B 463
B 464
B 466
B 467
B 491
B 493
B 514
B 517

B 523

ASTM (Cont’d)

Seamless and Welded Unalloyed Titanium and Tita- B 547 Aluminum and Aluminum-Alloy Formed and Arc-
nium Alloy Welding Fittings Welded Round Tube
Factory-Made Wrought Nickel and Nickel Alloy Fittings B 550 Zirconium and Zirconium Alloy Bar and Wire
Titanium and Titanium Alloy Forgings B 551 Zirconium and Zirconium Alloy Strip, Sheet, and
Plate
Nickel-lron-Chromium Alloy Seamless Pipe and Tube B 564 Nickel Alloy Forgings
Nickel-Iron-Chromium Alloy Plate, Sheet, and Strip B 574 Low-Carbon Nickel-Molybdenum-Chromium~Alloy Rod
Nickel-Iron-Chromium-Molybdenum-Copper Alloy B 575 Low-Carbon Nickel-Molybdenum-ChromiumAlloy
(UNS N08825 and N08221) Seamless Pipe and Plate, Sheet and Strip
Tube B 581 Nickel-Chromium-Iron-Molybdenum:Cepper Alloy Rod
Nickel-Iron-Chromium-Molybdenum-Copper Alloy B 582 Nickel-Chromium-Iron-Molybdenum-Copper Alloy
(UNS N08825 and N08221) Plate, Sheet and Strip Plate, Sheet and Strip
Nickel-Iron-Chromium-Molybdenum-Copper Alloy B 584 Copper Alloy Sand Castings for General Applicatipns
(UNS N08825 and N08221) Rod and Bar
UNS N06022, UNS N06230, and UNS R30556 Plate, B 619 Welded Nickel and Nickel-Cobalt Alloy Pipe
Sheet, and Strip B 620 Nickel-Iron-Chremidm-Molybdenum Alloy (UNS
Nickel-Chromium-Molybdenum-Columbium Alloy (UNS N08320) Plate; Sheet and Strip
N06625) and Nickel-Chromium-Molybdenum-Sili- B 621 Nickel-Irod-€hromium-Molybdenum Alloy (UNS
con Alloy (UNS N06219)* Plate, Sheet, and Strip N08320) ‘Rod
Nickel-Chromium-Molybdenum-Columbium Alloys B 622 Seamless Nickel and Nickel-Cobalt Alloy Pipe an
(UNS N06625 and UNS N06852) and Nickel-Chro- Tube
mium-Molybdenum-Silicon Alloy (UNS N06219) B 625 Nickel Alloy Plate and Sheet
Pipe and Tube B 626 Welded Nickel and Nickel-Cobalt Alloy Tube
Nickel-Chromium-Molybdenum-Columbium Alloy (UNS B 649 Ni-Fe-Cr-Mo-Cu Low Carbon Alloy (UNS N08904) gnd
N06625), Nickel-Chromium-Molybdenum-Silicon Ni-Fe-Cr-Mo-Cu-N Low Carbon Alloy UNS N08935,
Alloy (UNS N06219), and Nickel-Chromium-Molyb- UNS N08031, and UNS N08926) Bar and Wire
denum-Tungsten Alloy (UNS N06650)* Rod and Bar B 658 Seamless and Welded Zirconium and Zirconium Alloy
Forged or Rolled UNS N06030, UNS N06022, Pipe
UNS N06035, UNS N06200, UNS N06059, B 675 UNS N08366 and UNS N08367 Welded Pipe
UNS N06686, UNS N08020, UNS N08024. B 688 Chromium-Nickel-Molybdenum-Iron (UNS N08364
UNS N08026, UNS N08367, UNS N10276y4 and UNS N08367) Plate, Sheet, and Strip
UNS N10665, UNS N10675, UNS N10629, B 690 Iron-Nickel-Chromium-Molybdenum Alloys (UNS
UNS N08031, UNS N06045, UNS N06025, and N08366 and UNS N08367) Seamless Pipe and
UNS R20033 Alloy Pipe Flanges, Ferged Fittings, Tube
and Valves and Parts for Corrosive-High-
Temperature Service B 705 Nickel-Alloy (UNS N06625 and N08825) Welded Pipe
UNS N08020, UNS N08026,'and UNS N08024 Alloy B 725 Welded Nickel (UNS N02200/UNS N02201) and
Plate, Sheet, and Strip. Nickel-Copper Alloy (UNS N04400) Pipe
Welded UNS N080204N08024, and N08026 Alloy B 729 Seamless UNS N08020, UNS N08026, UNS N08(Q24
Pipe Nickel-Alloy Pipe and Tube
Seamless Copper=Nickel Pipe and Tube
Welded CopperNickel Pipe B 804 UNS N08367 Welded Pipe
Aluminur and Aluminum Alloy Extruded Round B 861 Titanium and Titanium Alloy Seamless Pipe
TubesforGeneral-Purpose Applications B 862 Titanium and Titanium Alloy Welded Pipe
Zirconium and Zirconium Alloy Forgings
E112 Methods for Determining Average Grain Size
Welded Nickel-lron-Chroamium Alln\]l Dipn
Welded Nickel-Chromium-Iron Alloy (UNS N06600,
UNS N06603, UNS N06025, and UNS N06045) API
Pipe
Seamless and Welded Zirconium and Zirconium Alloy 5L Line Pipe

Tubes

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-1A, A-1B, A-2, AND A-3

GENERAL NOTES: (4b) *In Table A-3, stress values printed in italics are tensile-

(@) The allowable stress values, P-Number or S-Number controlled values. Yield-controlled stress values are in normal
assignments, weld joint and casting quality factors, and font and time-dependent stress values are in boldface.
minimum temperatures in Tables A-1, A-1A, A-1B and A-2, (5)  *See para. 328.2.1(f) for description of P-Number]and
ogether with the referenced Notes and single or double bars S-Number groupings. P-Numbers are indicated by [number or
n the stress tables, are requirements of this Code. by a number followed by a letter (e.g., 8, 5By or 1f1A).

(b) Notes (1) through (7) are referenced in table headings and in S-Numbers are preceded by an S (e.g., S-1)-
neadings for material type and product form; Notes (8) and (6) *The minimum temperature shown is'that design inimum
ollowing are referenced in the Notes column for specific temperature for which the material is hormally suitable
materials. Notes marked with an asterisk (*) restate without impact testing other than-that required by the
equirements found in the text of the Code. material specification. Howevery'the use of a matqrial at a

(© At this time, metric equivalents are partly provided in design minimum temperatUire”below —29°C (-20°f) is
fable A-3. For this Edition, the metric values in Table A-3 are established by rules elsewhere in this Code, inclufling para.
or information only. The values in Tables A-1 and A-2 are 323.2.2(a) and other impact test requirements. Fgr carbon

he required values. To convert stress values in Tables A-1 steels with a letter designation in the Min. Temp. fcolumn,
ind A-2 to MPa at a given temperature in °C, determine the see para. 323.2.2(b) and the applicable curve anq Notes in
bquivalent temperature in °F and interpolate to calculate the Fig. 323.2.2A.
tress value in ksi at the given temperature. Multiply that (7)  DELETED:
alue by 6.895 to determine basic allowable stress, S, in (8) *Theretare restrictions on the use of this materialfin the text
Pa at the given temperature. of ‘the Code as follows:

(d)  For copper and copper alloys, the following symbols are (@) See para. 305.2.1; temperature limits are —-R9°C to
ised in the Temper column: H = drawn; HO1 = quarter 186°C (—20°F to 366°F).
hard; HO2 = half hard; HO6 = extra hard; H55 = light (b) See para. 305.2.2; pipe shall be safeguard¢d when
rawn; H58 = drawn, general purpose; H80 = hard drawn; used outside the temperature limits in Note (8a).

[R50 = drawn, stress relieved; 025 = hot rolled, annealed; (©) See Table 323.2.2, Section B-2.
D50 = light annealed; 060 = soft annealed; 061 = (d) See para. 323.4.2(a).
hnnealed; WO;SO. = welded, annealed; and W061 = () See para. 323.4.2(b).

_elde.zd, fully fm!shed, annealed. . C ® See para. 309.2.1.

(e) or nickel and nickel alloys, the following abbreviations are See para. 309.2.2
ised in the Class column: ann., annealed; C'D.,)cold worked; . ® para. 509.2.2. )
org., forged; H.F., hot worked; H.R., hot golled; plt., plate; ©) For pressure-.temperature raftlngs.of components nade in
R., rolled; rel., relieved; sol., solution; ‘stt, stress; and tr. accordance with standards listed in Table 326.1, yee para.
reated. NN ’ ’ 326.2.1. Stress values in Table A-1 may be used fo calculate

ratings for unlisted components, and special ratings for
listed components, as permitted by para. 303.

NOTES: (9a) Component standards listed in Table 326.1 impose the fol-

(1) fThe stress values in Table,A1 and the design stress values lowing restrictions on this material when used as Ja forging:
n Table A-2 are basic alloWable stresses in tension in composition, properties, heat treatment, and grain size shall
hccordance with pdra.302.3.1(a). For pressure design, the conform to this specification: manufacturing procgdures, tol-

tress values frém\Table A-1 are multiplied by the erances, tests, certification, and markings shall bg in accor-
hppropriate quality factor £ (€, from Table A-1A or E; from dance with ASTM B 564.
[able A-1B)<Stress values in shear and bearing are stated in (10) *This casting quality factor is applicable only whep proper
bara. 302.3.1(b); those in compression in para. 302.3.1(c). supplementary examination has been performed (see para.

(2) fThe“duality factors for castings E. in Table A-1A are basic 302.3.3).
actors in accordance with para. 302.3.3(b). The quality (11) *For use under this Code, radiography shall be pefformed
actors for longitudinal weld joints E; in Table A-1B are basic after heat treatment.
factors in accordance with para. 302.3.4(a). See paras. (12) *Certain forms of this material, as stated in Table 323.2.2,
302.3.3(c) and 302.3.4(b) for enhancement of quality must be impact tested to qualify for service below —29°C
factors. See also para. 302.3.1(a), footnote 1. (-20°F). Alternatively, if provisions for impact testing are

(3) The stress values for austenitic stainless steels in these included in the material specification as supplementary
Tables may not be applicable if the material has been given requirements and are invoked, the material may be used
a final heat treatment other than that required by the down to the temperature at which the test was conducted in
material specification or by reference to Note (30) or (31). accordance with the specification.

(4a) *In Table A-1, stress values printed in jtalics exceed two- (13) Properties of this material vary with thickness or size. Stress
thirds of the expected yield strength at temperature. Stress values are based on minimum properties for the thickness
values in boldface are equal to 90% of expected yield listed.
strength at temperature. See paras. 302.3.2(d)(3) and (e). (14) For use in Code piping at the stated stress values, the
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(16)

a7

(18

(19
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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.

These stress values are established from a consideration of
strength only and will be satisfactory for average service. For
bolted joints where freedom from leakage over a long period
of time without retightening is required, lower stress values
may be necessary as determined from the flexibility of the
flange and bolts and corresponding relaxation properties.

(€3]

(B2

may be used only if the material has been heat treated at a
temperature of 1093°C (2000°F) minimum.

For temperatures above 538°C (1000°F), these stress values
may be used only if the material has been heat treated by
heating to a minimum temperature of 1038°C (1900°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

An E; faetorof--00-may-be-apphed-eniy-tat-welds—inetud
ing wglds 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;of 1.00.

Filler metal shall not be used in the manufacture of this pipe
or tule.

*This [specification does not include requirements for 100%
radiographic inspection. If this higher joint factor is to be
used,|the material shall be purchased to the special require-
mentg of Table 341.3.2 for longitudinal butt welds with
100% radiography in accordance with Table 302.3.4.

*This |specification includes requirements for random radio-
graphfic inspection for mill quality control. If the 0.90 joint
factor| is 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 pipe sizes = DN 200 (NPS 8) with wall thicknesses > Sch
140, the specified minimum tensile strength is 483 MPa (70
ksi).
For mpterial thickness > 127 mm (5 in.), the specified mini-
mum [tensile strength is 483 MPa (70 ksi).

(21a) For miterial thickness > 127 mm (5 in.), the specified mini-

2

23)

@4

(25)

6)

@7
(28)

29

(30

mum [tensile strength is 448 MPa (65 ksi).

The minimum tensile strength for weld (qualification)’and
stresq values shown shall be multiplied by 0.90 for pipe hav-
ing am outside diameter less than 51 mm (2uin.) and a D/t
value(less than 15. This requirement may\be waived if it can
be shown that the welding procedure to_be used will consist-
ently produce welds that meet the(listed minimum tensile
strength of 165 MPa (24 ksi).

Lightweight aluminum alloywelded fittings conforming to
dimensions in MSS SP-43%shall have full penetration welds.
Yield [strength is not stated in the material specification. The
value|shown is based.on yield strengths of materials with
simildr characteristics.

This gteel may\develop embrittlement after service at approxi-
matell

B33

(B4)

(€3

(36)

G7

(38)
39

(40)

41

42)

used-in-desian
SR

For welded construction with work hardened grades, tide the
stress values for annealed material; for welded €onstruction
with precipitation hardened grades, use the special strgss
values for welded construction given in theé)Tables.
If material is welded, brazed, or soldered, the allowabl¢
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 room tem-
perature, however, after being-used above the temperature
indicated by the single bar.(f). See also para. F323.4(c](4).
The specification permits this material to be furnished with-
out solution heat tréatment or with other than a soluti
heat treatment, ‘When the material has not been soluti
heat treated,.the minimum temperature shall be —29°C
(=20°F) unless the material is impact tested in accordance
with para.’323.3.
Impact.requirements for seamless fittings shall be govgrned
by'those listed in this Table for the particular base maferial
specification in the grades permitted (A 312, A 240, arld A
182). When A 276 materials are used in the manufactyre of
these fittings, the Notes, minimum temperatures, and 3llow-
able stresses for comparable grades of A 240 materialg shall
apply.

DELETED.

This material when used below —29°C (-20°F) shall be
impact tested if the carbon content is above 0.10%.
*This casting quality factor can be enhanced by supplemen-
tary examination in accordance with para. 302.3.3(c) ahd
Table 302.3.3C. The higher factor from Table 302.3.3C may
be substituted for this factor in pressure design equatipns.
Design stresses for the cold drawn temper are based op hot
rolled properties until required data on cold drawn are|sub-
mitted.
This is a product specification. No design stresses are heces-
sary. Limitations on metal temperature for materials coyered
by this specification are:

1

S S =

Metal Temperature,

3162C\(600°F) and higher temperature. Grade(s) °C (°F)
This ¢nstabilized grade of stainless steel increasingly tends 1 29 to 482 (=20 to 940)
to pftLipiLdlE imergrdnumr LeriUEb dS e Cdrport COTtert 2 ZH and ZHM —48 o 593 (_55 to 1100)
increases above 0.03%. See also para. F323.4(c)(2). 3’ ’ 229 t0 593 (~20 to 1100)
For temperatures above 427°C (800 °F), these stress values 4 [see Note (42a)] ~101 to 593 (=150 to 1100)
apply only when the carbon content is 0.04% or higher. 6 29 to 427 (~20 to 800)

For temperatures above 538°C (1000°F), these stress values
apply only when the carbon content is 0.04% or higher.

The stress values above 538°C (1000°F) listed here shall be
used only when the steel’s austenitic micrograin size, as
defined in ASTM E 112, is No. 6 or less (coarser grain). Other-
wise, the lower stress values listed for the same material,
specification, and grade shall be used.

For temperatures above 538°C (1000°F), these stress values

7 and 7M [see Note (42a)]
8FA [see Note (39)]

8MA and 8TA

8, 8A, and 8CA

-101 to 593 (150 to 1100)
—-29 to 427 (-20 to 800)

-198 to 816 (-325 to 1500)
—254 to 816 (—425 to 1500)

(42a) When used below —46°C (-50°F), this material shall be

impact tested as required by A 320 for Grade L7.
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(42b) This is a product specification. No design stresses are neces-

(43)

(44)
45)
(46)

47)
(48)

(49)
(50)

(51)

(52)

(53)

(54)
(55)
- (56)
- G7)
- (58)

(59)

(60)

(61)
(62)
(63)

(64)
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sary. For limitations on usage, see paras. 309.2.1 and

specimen in accordance with the BPV Code, Section IX, QW-
462.1, shall not be less than 758 MPa (110.0 ksi).

309.2.2. (65) The minimum temperature shown is for the heaviest wall per-
*The stress values given for this material are not applicable missible by the specification. The minimum temperature for
when either welding or thermal cutting is employed [see lighter walls shall be as shown in the following tabulation:
para. 323.4.2(c)]. .
This material shall not be welded. Impact Test Temp. (°C) for Plate Thicknesses Shown
Stress values shown are applicable for “die” forgings only. Spec. No. 25 mm 51 mm Over 51 to
The letter “a” indicates alloys which are not recommended & Grade Max. Max. 76 mm
for welding and which, if welded, must be individually quali-

res—The-tetter-th2indicates—copper-base-atoys-which-must A203 A =68 =68 -59

be individually qualified. A 203 B —68 —68 -59

f no welding is employed in fabrication of piping from these A 203D -101 -101 -87
naterials, the stress values may be increased to 230 MPa A203E -101 -101 -87
33.3 ksi).

[he stress value to be used for this gray cast iron material at

ts upper temperature limit of 232°C (450°F) is the same as Impact Test Temp. (°F) for Plate Thicknesges Shown
hat shown in the 204°C (400°F) column. . . .

f the chemical composition of this Grade is such as to ren- S&Izecc;'r;: 11/[;1 f/[;r:( O;eg me
Her it hardenable, qualification under P-No. 6 is required. - - -
[his material is grouped in P-No. 7 because its hardenability A 203 A 290 -90 -75

s low. A 203 B -90 -90 -75
[his material may require special consideration for welding A 203,D -150 -150 -125
ualification. See the BPV Code, Section IX, QW/QB-422. For A 203& -150 -150 -125
ise in this Code, a qualified WPS is required for each

trength level of material.

Fopper-silicon alloys are not always suitable when exposed (66) Stress V?IU'ET shown are 90% of those for the corfesponding
o certain media and high temperature, particularly above Qe material.

100°C (212°F). The user should satisfy himself that the alloy 67) Fgr use under this Code, the heat treatment requifements for
elected is satisfactory for the service for which it is to be pipe manufactured to A 671, A 672, and A 691 shall be as
sed. required by para. 331 for the particular material being used.

. . 11 .

btress relief heat treatment is required for service above (68) T:.ekten.smn te;.t s;()jefcmenhfrom platedleJ mm (. p lmd) a”hd
h32°C (450°F). thicker is machined from the core and does not irfclude the
[he maximum operating temperature is arbitrarily set ‘at ?laddlr;g .allloyl; thi':fori’zt?e stress values listed gre those
P60°C (500°F) because hard temper adversely affests-design or materials less than 1z./-mm.

tress in the creep rupture temperature ranges: (69) This material may be used only in nonpressure agplications.
Pipe produced to this specification is not intended for high (70) Alloy 625 I(UNS ;\196625) in the snnealed conditio’w is sufl:ject
emperature service. The stress values apply.to either nonex- to severe .OSS of impact strenogt at rotc)Jm tempirc ture after
banded or cold expanded material in_the\as-rolled, normal- 'iz%%il;)re in the range of 538°C to 760°C (1000°Fto

zed, or normalized and tempered_condition. T . .

Because of thermal instability, this_material is not recom- 71) Iihessjpn;:la:at:qreleiltzla;E:c(i)i[E:tlilZnnsqI;;:!Zyti)dbvy\/”tmhait ’fa\llc’tilr']:lr/or
mended for service above 427°C) (800°F). .

Fonversion of carbides to &ra hité ma Fz)ccur after proloneed and purchaser commonly establish chemistry morg restrictive
:x osure to temperatude ivepr 427°C \(l800°F) See para g than the base specification, as well as plate rollinlg specifica-
P P : para. tions and requirements for weldability (i.e., C-equjvalent) and
323.4(b)(2). toughness

Conversion of carbides to graphite may occur after prolonged (72) For service temperature > 454°C (850°F), weld mefal shall
bxposure to temperatures over 468°C (875°F). See para. have a carbon content > 0.05% ’

_323'4(10)(3)' . (73) Heat treatment is required after welding for all prgducts of
or temperatlires above 482°C (900°F), consider the advan- zirconium Grade R60705. See Table 331.1.1

_ages 2 k',llEd steel. See para. F323'.4(b)(4)' (74) Mechanical properties of fittings made from forgirlg stock
onalt design temperatures, the maximum hardness shall be shall meet the requirements of one of the bar, foring, or rod
<ocn<wer:]u“u;b |mkmeo|ate|\:c1unuer e {nreaa roots.llnfe frard- specifications listed in Table 1 of B 366.
ness shall be taken on a flat area at least 3 mm (/5 in.) (75) Stress values shown are for materials in the normalized and

across, prepared by removing threads. No more material than
necessary shall be removed to prepare the area. Hardness
determination shall be made at the same frequency as ten-
sile tests.

Annealed at approximately 982°C (1800°F).

Annealed at approximately 1121°C (2050°F).

For stress relieved tempers (1351, 73510, 13511, T451,
T4510, T4511, T651, T6510, T6511), stress values for mate-
rial in the listed temper shall be used.

The minimum tensile strength of the reduced section tensile

149

tempered condition, or when the heat treatment is unknown.
If material is annealed, use the following values above
510°C (950°F):

Temp,°C 538 56 3 @1 &9
S, MPa 55.1 39.3 26.2 16.5 9.6

Temp,°F 1000 1050 100 1150 1200
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
API 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

R S 150
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Table A-1 Basic Allowable Stresses in Tension for Metals®
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi (1),

at Metal Temperature, °F

P-No. or Min. Specifie(ril Mi'?' Min.
S-No. Temp., S‘"Lt’ks' Temp.
Material Spec. No. 5) Grade Notes °F (6) Tensile Yield to 100 200 300 400 500 600 650
Iron
Castings (2)
Gray A 48 20 (8e)(48) -20 20 2.0 20 2.0 20
Gray A 278 20 (8e)(48) -20 20 2.0 20 2.0 20
Gray A 126 A 8e)(9)(48) -20 21 2.0 20 2.0 ‘20
Gray A 48 25 (8e)(48) -20 25 2.5 2.5 2.5) 25
Gray A 278 25 (8e)(48) -20 25 2.5 2.5 25 25
Gray A 48 30 (8e)(48) -20 30 3.0 30 3.0 3.0
Gray A 278 30 (8e)(48) -20 30 3.0 3.0 3.0 3.0
Gray A 126 B (8e)(9)(48) -20 31 3.0 3.0 3.0 3.0
Gray A 48 35 (8e)(48) -20 35 3.5 3.5 3.5 35
Gray A 278 35 (8e)(48) -20 35 3.5 3.5 3.5 3.5
Gray A 48 40 8e)(9)(48) -20 40 4.0 40 4.0 4.0
Gray A 126 C 8e)(9)(48) -20 4 4.0 40 40 40 ... ... ...
Gray A 278 40 8e)(9)(53) -20 40 4.0 40 4.0 4.0 4.0 |40 4.0
Gray A 48 45 (8e)(48) -20. 45 4.5 4.5 4.5 4.5
Gray A 48 50 (8e)(48) =20 50 5.0 5.0 50 50 ... |... R
Gray A 278 50 8e)(53) -20 50 5.0 50 50 50 50 |50 5.0
Gray A 48 55 (8€)(48) -20 55 5.5 5.5 5.5 5.5
Gray A 48 60 (8e)(48) -20 60 6.0 60 60 60 ... [... ...
Gray A 278 60 8e)(53) -20 60 6.0 60 6.0 6.0 60 |60 6.0
Cupol A 197 8e)(9) -20 40 30 8.0 80 80 80 80 |80 8.0
malleable
Mallegble A 47 32510 8e)(9) -20 50 32.5 10.0 10.0 10.0 10.0 10.0 [10.0 10.0
Ferriti¢ ductile A 395 8d)(9) -20 60 40 20.0 19.0 179 16.9 159 [149 14.1
Austenitic AS71 Type D- (8d) -20 65 30 20.0
ductile 2M, Cl.1

151
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2010

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. S h. ksi Min.
S-No. UNS Temp., M Temp.
Material Spec. No. (5) Grade No. Notes °F (6) Tensile  Yield to 100 200 300
Carbon Steel
Pipes and Tubes )
A 285 Gr. A A 134 1 A A (8b)(57) B 45 24 15.0 14.7 14.2
A 285 Gr. A A 672 1 A45 K01700 (57)(59)(67) B 45 24 15.0 14.7 14.2
Butt weld API 5L S-1 A25 (8a) -20 45 25 15.0 15.0 14.7
Smls & ERV API 5L S-1 A25 (57)(59) B 45 25 15:0 15.0 14.7
A 179 1 K01200 (57)(59) -20 47 26 15.7 15.7 15.3
Type F A 53 1 A K02504 (8a)(77) 20 48 30 16.0 16.0 16.0
A 139 S-1 A Ce. 8b)(77) A 48 30 16.0 16.0 16.0
A 587 1 K11500 (57)(59) -20 48 30 16.0 16.0 16.0
A 53 1 A K02504  (57)(59) B 48 30 16.0 16.0 16.0
A 106 1 A K02501 (57) B) © 48 30 16.0 16.0 16.0
A 135 1 A - 679 B 48 30 16.0 16.0 16.0
A 369 1 FPA K02501 (57) B 48 30 16.0 16.0 16.0
API 5L S-1 A B7GHTA B 48 30 16.0 16.0 16.0
A 285 Gr. H A 134 1 c. e (8b)(57) B 50 27 16.7 16.5 15.9
A 285 Gr. A 672 1 A50 K02200 (50(59)(67) B 50 27 16.7 16.5 15.9
A 285 Gr. ( A 134 1 A A (8b)(57) A 55 30 18.3 18.3 17.7
A 524 1 Il K02t04 (57) -20 55 30 18.3 18.3 17.7
A 333 1 1 K03008 (57)(59) -50 55 30 18.3 18.3 17.7
. A 334 1 1 K03008 (57)(59) -50 55 30 18.3 18.3 17.7
A 285 Gr. ( A 671 1 CA55 K02801 (59)(67) A 55 30 18.3 18.3 17.7
A 285 Gr. ( A 672 1 A55 K02801 (57)(59)(67) A 55 30 18.3 18.3 17.7
A 516 Gr. §5 A 672 1 C55 K01800 (57)(67) C 55 30 18.3 18.3 17.7
A 516 Gr. 40 A 671 1 CC60 K02100 (57)(67) C 60 32 20.0 19.5 18.9
A 515 Gr. 40 A 671 1 CB60 K02401 (57)(67) B 60 32 20.0 19.5 18.9
A 515 Gr. 40 A 672 1 B60 K02401  (57)(67) B 60 32 20.0 19.5 18.9
A 516 Gr. 40 A 672 1 C60 K02100 (57)(67) C 60 32 20.0 19.5 18.9
A 139 S-1 B K03003 (8b) A 60 35 20.0 20.0 20.0
A-135 1 B K03018 (57)(59) B 60 35 20.0 20.0 20.0
A 524 1 | K02104 (57) -20 60 35 20.0 20.0 20.0
A 53 1 B K03005 (57)(59) B 60 35 20.0 20.0 20.0
A 106 1 B K03006 (57) B 60 35 20.0 20.0 20.0
A 222 1 r Ko2004 (L) LO L0 2L 200 200 20 0
A333 1 & ke3006—(574 0—=6 5 6= -0 .
A 334 1 6 K03006 (57) -50 60 35 20.0 20.0 20.0
A 369 1 FPB K03006 (57) -20 60 35 20.0 20.0 20.0
A 381 S-1 Y35 Ce A 60 35 20.0 20.0 20.0
API 5L S-1 B 7)) (77) 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

ASME B31.3-2010

Basic Allowable Stress, S, ksi (1), at Metal Temperature, °F

400 500 600 650 700 750 800 850 900 950 1000 1050 1100 Grade Spec. No.
Carbon Steel
Pipes and Tubes )
1B.7 13.0 12.3 11.9 11.5 10.7 9.2 7.9 5.9 . Ce A A A A 134
1B.7 13.0 12.3 11.9 11.5 10.7 9.2 7.9 5.9 4.0 2.5 1.6 1.0 A4S A 672
1k.2 A25 API 5L
15h.2 A25 API 5L
1%.8 14.1 13.3 12.8 12.4 10.7 9.2 7.9 5.9 4.0 2.5 1.6 1.0 A 179
1pb.0 A A 53
.. A A 139
1p.0 16.0 15.3 14.6 12.5 10.7 9.2 7.9 A 587
1p.0 16.0 15.3 14.6 12.5 10.7 9.2 7.9 5.9 4.0 2.5 1.6 1.0 A A 53
16.0 16.0 15.3 14.6 12.5 10.7 9.2 7.9 5.9 4.0 2.5 1.6 1.0 A A 106
1p.0 16.0 15.3 14.6 12.5 10.7 9.2 7.9 5.9 4.0 2.5 1.6 1.0 A A 135
1p6.0 16.0 15.3 14.6 12.5 10.7 9.2 7.9 5.9 4.0 2.5 1.6 1.0 FPA A 369
16.0 16.0 15.3 14.6 12.5 10.7 9.2 7.9 5.9 4.0 2.5 1.6 1.0 A API 5L
1b.4 14.7 13.8 13.3 12.5 10.7 9.2 7.9 5.9 Ce e A - - A 134
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 A50 A 672
1.1 16.3 15.3 14.8 14.3 13.0 10.8 8/ 5.9 Ce e A A 134
1.1 16.3 15.3 14.8 14.3 13.0 10.8 8.7 5.9 4.0 2.5 - . I A 524
1.1 16.3 15.3 14.8 14.3 13.0 10.8 8.7 5.9 4.0 2.5 1.6 1.0 1 A 333
1.1 16.3 15.3 14.8 14.3 13.0 108 8.7 5.9 4.0 2.5 1.6 1.0 1 A 334
1.1 16.3 15.3 14.8 14.3 13.0 10.8 8.7 5.9 4.0 2.5 1.6 1.0 CA55 A 671
1.1 16.3 15.3 14.8 14.3 13.0 10.8 8.7 5.9 4.0 2.5 1.6 1.0 A55 A 672
1.1 16.3 15.3 14.8 14.3 13.0 10.8 8.7 5.9 4.0 2.5 1.6 1.0 C55 A 672
1B.2 17.4 16.4 15.8 15.3 13.9 11.4 8.7 5.9 4.0 2.5 A A CC60 A 671
1B.2 17.4 16.4 15.8 1573 13.9 11.4 8.7 5.9 4.0 2.5 1.6 1.0 CB60 A 671
1B.2 17.4 16.4 15.8 15.3 13.9 11.4 8.7 5.9 4.0 2.5 1.6 1.0 B60 A 672
1B.2 17.4 16.4 15:8 15.3 13.9 11.4 8.7 5.9 4.0 2.5 1.6 1.0 c60 A 672
B A 139
1p.9 19.0 1.2.9 17.3 16.7 13.9 11.4 8.7 5.9 4.0 2.5 B A 135
1p.9 19.0 17.9 17.3 16.7 13.9 11.4 8.7 5.9 4.0 2.5 | A 524
1p.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 B A 53
1p.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 B A 106
155 15-6 375 3 16+ 13-5 -4 o -5 40 25 -6 16 & A 333
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 6 A 334
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 FPB A 369
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 Y35 A 381
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 B API 5L
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2010

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. S h. ksi Min.
S-No. UNS Temp., M Temp.
Material Spec. No. (5) Grade No. Notes °F (6) Tensile  Yield to 100 200 300
Carbon Steel (Cont’d)
Pipes and Tubes (2) (Cont’d)
A 139 S-1 C K03004 (8h) A 60 42 20.0 20.0 20.0
A 139 S-1 D K03010 (8b) A 60 46 20.0 20.0 20.0
API 5L S-1 X42 (55)(77) A 60 42 20.0 20.0 20.0
A 381 S-1 Y42 - A 60 42 20.0 20.0 20.0
A 381 S-1 Y48 A 62 48 20.7 20.7 20.7
API 5L S-1 X46 (55)(77) A 63 46, 21.0 21.0 21.0
A 381 S-1 Y46 . A 63 46 21.0 21.0 21.0
A 381 S-1 Y50 A 64 50 21.3 21.3 21.3
A 516 Gr. 45 A 671 1 CC65 K02403  (57)(67) B/ 65 35 21.7 21.4 20.6
A 515 Gr. 45 A 671 1 CB65 K02800 (57)(67) A " 65 35 21.7 21.4 20.6
A 515 Gr. 45 A 672 1 B65 K02800 (57)(67) A 65 35 21.7 21.4 20.6
A 516 Gr. 45 A 672 1 C65 K02403  (57)(67) B 65 35 21.7 21.4 20.6
A 139 S-1 E K03012 (8b) A 66 52 22.0 22.0 22.0
API 5L S-1 X52 (55)(7%) A 66 52 22.0 22.0 22.0
A 381 S-1 Y52 . AN A 66 52 22.0 22.0 22.0
A 516 Gr. 40 A 671 1 CC70 K02700.\ ~(57)(67) B 70 38 23.3 23.2 22.4
A 515 Gr. 40 A 671 1 CB70 Ko31o1  (57)(67) A 70 38 23.3 23.2 22.4
A 515 Gr. 70 A 672 1 B70 Ko3101 (57)(67) A 70 38 23.3 23.2 22.4
A 516 Gr. 70 A 672 1 Cc70 K02700 (57)(67) B 70 38 23.3 23.2 22.4
. A 106 1 C K03501 (57) B 70 40 23.3 23.3 23.3
A537Cl.1 A 671 1 CD70 K12437  (67) D 70 50 23.3 23.3 22.8
(< 2% in| thick)
A537Cl.1 A 672 1 D70 K12437  (67) D 70 50 23.3 23.3 22.8
(< 2% in| thick)
A 537 Cl. 1 A 691 1 CMSH70 K12437  (67) D 70 50 23.3 23.3 22.8
(< 2% in| thick)
API 5L S-1 X56 615 TDT7) A 71 56 23.7 23.7 23.7
. A-381 S-1 Y56 . (51)(55)(71) A 71 56 23.7 23.7 23.7
A 299 A-671 1 CK75 K02803  (57)(67) A 75 40 25.0 24.4 23.6
(> 1 in. thick)
A 299 A 672 1 N75 K02803  (57)(67) A 75 40 25.0 24.4 23.6
> 1 in. thick)
A 299 A 691 1 CMS75 K02803  (57)(67) A 75 40 25.0 24.4 23.6
> 1 in. thide
A 299 A 671 1 CK75 K02803  (57)(67) A 75 42 25.0 25.0 24.8
(£ 1 in. thick)
A 299 A 672 1 N75 K02803  (57)(67) A 75 42 25.0 25.0 24.8
(€1 in. thick)
A 299 A 691 1 CMS75 K02803  (57)(67) A 75 42 25.0 25.0 24.8
(£ 1 in. thick)
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2010

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi (1), at Metal Temperature, °F

400 500 600 650 700 750 800 850 900 950 1000 1050 1100 Grade Spec. No.

Carbon Steel (Cont’d)
Pipes and Tuhes (2) (Cont’d)
C A 139
. D A 139
2p.0 X42 API 5L
2p.0 Y42 A 381
2p.7 20.7 20.7 18.7 Y48 A 381
21.0 X46 API 5L
21.0 Y46 A 381
213 21.3 21.3 18.7 Y50 A 381
1p.9 19.0 17.9 17.3 16.7 13.9 11.4 9.0 6.3 4.0 2.5 - - CC65 A 671
1p.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 CB65 A 671
1p.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 B65 A 672
1p.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 C65 A 672
.. E A 139
2p.0 X52 API 5L
2p.0 Y52 A 381
2.6 20.6 19.4 18.8 18.1 14.8 12.0 943 6.7 4.0 2.5 - - CC70 A 671
21.6 20.6 19.4 18.8 18.1 14.8 12.0 9.3 6.7 4.0 2.5 1.6 1.0 CB70 A 671
20L.6 20.6 19.4 18.8 18.1 14.8 12.0 9.3 6.7 4.0 2.5 1.6 1.0 B70 A 672
21.6 20.6 19.4 18.8 18.1 14.8 12:0 9.3 6.7 4.0 2.5 1.6 1.0 c70 A 672
2p.8 21.7 20.4 19.8 18.3 14.8 12.0 C A 106
2p.7 22.7 22.4 21.9 18.3 CcD70 A 671
2p.7 22.7 22.4 21.9 18.3 D70 A 672
2p.7 22.7 22.4 21.9 183 CMSH70 A 691
2B.7 X56 API 5L
2B.7 Y56 A 381
2p.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 CK75 A 671
2p.8 2157 20.4 19.8 19.1 15.7 12.6 9.3 6.7 4.0 2.5 1.6 1.0 N75 A 672
2p.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 CMS75 A 691
23.9 22.8 21.5 20.8 19.6 CK75 A 671
23.9 22.8 21.5 20.8 19.6 N75 A 672
23.9 22.8 21.5 20.8 19.6 CMS75 A 691
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2010

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. S h. ksi Min.
S-No. UNS Temp., M Temp.
Material Spec. No. (5) Grade No. Notes °F (6) Tensile  Yield to 100 200 300
Carbon Steel (Cont’d)
Pipes and Tubes (2) (Cont’d)
API 5L S-1 X60 (51)(55)(71)(77) A 75 60 25.0 25.0. 25.0
API 5L S-1 X65 (51)(55)(71)(77) A 77 65 25.7 25.7 25.7
API 5L S-1 X70 (51)(55)(71)(77) A 82 70 27.3 27.3 27.3
API 5L S-1 X80 [CIIELI 0N va)) A 90 80 30.0 30.0 30.0
A 381 S-1 Y60 (51)(71) A 75 60 25.0 25.0 25.0
Pipes (Structural Grade) (2)
A 283 Gr. A A 134 1 (8a)(8¢c) -20 45 24 15.0 14.7 14.2
A 570 Gr. 30 A 134 S-1 (8a)(8c) -20 49 30 16.3 16.3 16.3
A 283 Gr. B A 134 1 (8a)(8¢c) -20 50 27 16.7 16.5 15.9
A 570 Gr. 33 A 134 S-1 (8a)(8¢c) -20 52 33 17.3 17.3 17.3
A 570 Gr. 36 A 134 S-1 (8a)(8¢c) =20 53 36 17.7 17.7 17.7
A 570 Gr. 40 A 134 1 (8a)(8¢) =20 55 40 18.3 18.3 18.3
A 36 A 134 1 8a)(8¢c) =20 58 36 19.3 19.3 19.3
A 283 Gr. [ A 134 1 (8a)(8¢c) -20 60 33 20.0 20.0 19.5
A 570 Gr. 45 A 134 S-1 (8a)(8¢) -20 60 45 20.0 20.0 20.0
A 570 Gr. 50 A 134 1 (8a)(8¢c) -20 65 50 21.7 21.7 21.7
Plates, Bprs, Shapes, and Sheets
A 285 1 A K01700 (57)(59) B 45 24 15.0 14.7 14.2
A 285 1 B K02200 (57)(59) B 50 27 16.7 16.5 15.9
A 516 1 55 K01800 (57) C 55 30 18.3 18.3 17.7
A-285 1 C K02801  (57)(59) A 55 30 18.3 18.3 17.7
A 516 1 60 K02100 (57) Cc 60 32 20.0 19.5 18.9
A 515 1 60 K02401 (57) B 60 32 20.0 19.5 18.9
A 516 1 6 K02403  (57) B 6 35 21.7 21.4 20.6
A LCALC 1 &L Koaonn (LZ) A &L 2L 21 21 4
A-L35 % & k6286 (o7 A—=6 4 L 20.6
A 516 1 70 K02700 (57) B 70 38 23.3 23.2 22.4
A A 515 1 70 K03101 (57) A 70 38 23.3 23.2 22.4
(< 21/2 in. thick) A 537 1 cl. 1 K12437 D 70 50 23.3 23.3 22.8
(> 1 in. thick) A 299 1 K02803 (57) A 75 40 25.0 24.4 23.6
(£ 1 in. thick) A 299 1 K02803 (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 B31.3-2010

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi (1), at Metal Temperature, °F

400 500 600 650 700 750 800 850 900 950 1000 1050 1100 Grade Spec. No.

Carbon Steel (Cont’d)
Pipes and Tuhes (2) (Cont’d)
2pb.0 X60 API 5L
2b.7 X65 API 5L
2.3 X70 API 5L
3p.0 X80 API 5L
2b.0 Y60 A 381
Pipes (Structural Grade) (2)
1B.7 A 134
1p.3 A 134
A 134
1.3 A 134
1.7 A 134
1B.3 A 134
1p.3 A 134
.. A 134
2p.0 A 134
2.7 A 134
Plates, Bars, Shapes, arld Sheets
1B.7 13.0 12.3 11.9 11.5 10.7 9.2 7.9 5.9 4.0 2.5 1.6 1.0 A A 285
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 A 285
1.1 16.3 15.3 14.8 14.3 13.0 10.8 8.7 55 A 516
1.1 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 A 285
1B.2 174 16.4 15.8 15.3 13.9 11.4 8.7 .. - - 60 A 516
1B.2 174 16.4 15.8 15.3 13.9 11.4 8.7 5.9 4.0 2.5 60 A 515
1p.9 19.0 7.9 17.3 16.7 13.9 11.4 9.0 .. .. .. 6 A 516
155 10-6 340 173 167 13-0 4 95 63 40 25 65 A 515
21.6 20.6 19.4 18.8 18.1 14.8 12.0 9.3 - . - 70 A 516
21.6 20.6 19.4 18.8 18.1 14.8 12.0 9.3 6.7 4.0 2.5 70 A 515
22.7 22.7 22.4 21.9 18.3 Cl.1 A 537
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 299
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 299
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(10) 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

P-No. or Min. SSpecifieﬂ '\:l('" Min.
S-No. UNS Temp., M Temp.
Material Spec. No. (5) Grade No. Notes °F (6) Tensile  Yield to 100 200 300
Carbon Steel (Cont’d)

Plates, Bars, Shapes_and Sheets (Structural)
A 283 1 A K01400 (80)(57) A 45 24 15.0 14.7% 14.2
A 570 S-1 30 K02502  (80)(57) A 49 30 16.3 16.3 16.3
A 283 1 B K01702  (80)(57) A 50 27 16.7 16.5 15.9
A 570 S-1 33 K02502 (80)(57) A 52 33 173 17.3 17.3
A 570 S-1 36 K02502  (80)(57) A 53 36 17.7 17.7 17.7
A 283 1 C K02401  (80)(57) A 55 30 18.3 18.3 17.7
A 570 S-1 40 K02502  (80)(57) A 55 40 18.3 18.3 18.3
A 36 1 . K02600 (8¢) A 658 36 19.3 19.3 19.3
A 283 1 D K02702  (80)(57) A 60 33 20.0 20.0 19.5
A 570 S-1 45 K02507  (80)(57) A 60 45 20.0 20.0 20.0
A 570 S-1 50 K02507  (80)(57) A 65 50 21.7 21.7 21.7
A 992 S-1 . ce. 89(57) A 65 50 19.9 19.9 19.9

Forgings [and Fittings (2)
A 350 1 LF1 K03009 \49)(57)(59) -20 60 30 20.0 18.3 17.7
A 181 1 Cl. 60 K03502™ (9)(57)(59) A 60 30 20.0 18.3 17.7
A 420 1 WPL6 Ke3006 (57) -50 60 35 20.0 20.0 20.0
A 234 1 WPB K03006 (57)(59) B 60 35 20.0 20.0 20.0
A 350 1 LE2'CL. 1 K03011  (9)(57) -50 70 36 23.3 22,0 | 21.2
A 350 1 LF2 Cl. 2 K03011 (9)(57) 0 70 36 23.3 22.0 21.2
A 105 i - K03504  (9)(57)(59) -20 70 36 23.3 22.0 21.2
A 181 1 Cl. 70 K03502  (9)(57)(59) A 70 36 23.3 22.0 21.2
A 234 1 WPC K03501  (57)(59) B 70 40 23.3 23.3 23.3

Castings|(2)
A 216 1 WCA ]02502 (57) -20 60 30 20.0 18.3 17.7
A 352 1 LCB J03003 ©)(57) -50 65 35 21.7 21.4 20.6
A216 3 WeR 163602 (H5A 20—F6 36 233 22-0- 21.2
A 216 1 WCC J02503 ©)(57) -20 70 40 23.3 23.3 23.3
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2010

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi (1), at Metal Temperature, °F

400 500 600 650 700 750 800 850 900 950 1000 1050 1100 Grade Spec. No.

Carbon Steel (Cont’d)
Plates Bars _Shapes_and Sheets (Structural)
1B.7 13.0 12.3 11.9 11.5 10.7 A A 283
1p.3 16.3 15.3 14.6 12.5 10.7 30 A 570
1pb.4 14.7 13.8 13.3 12.5 10.7 B A 283
1.3 17.3 16.9 14.6 12.5 10.7 33 A 570
1.7 17.7 17.7 14.6 12.5 10.7 36 A 570
1.1 16.3 15.3 14.8 14.3 13.0 C A 283
1B.3 18.3 18.3 18.3 15.6 13.0 40 A 570

1p.3 19.3 18.4 17.8 15.6 A 36

1B.8 17.9 16.9 16.3 15.8 13.9 D A 283
2p.0 20.0 20.0 20.0 16.9 13.9 45 A 570
2L.7 21.7 21.7 20.5 16.9 13.9 A 50 A 570
1p.9 19.9 19.9 18.9 15.5 12.8 10.5 A 992
Forgings and Fittings (2)
1.1 16.3 15.3 14.8 14.3 13.8 11.4 7 5.9 4.0 2.5 R A LF1 A 350
1.1 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 A 181
1p.9 19.0 17.9 17.3 16.7 13.9 144 8.7 5.9 4.0 2.5 WPL6 A 420
1p.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 A 234
2p.5 19.6 18.4 17.8 17.2 14.8 12.0 9.3 6.7 4.0 2.5 LF2 Cl. 1 A 350
2p.5 19.6 18.4 17.8 1712 14.8 12.0 9.3 6.7 4.0 2.5 LF2 Cl. 2 A 350
2p.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 .. A 105
2p.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 Cl. 70 A 181
2p.8 21.7 20.4 19.8 18.3 14.8 12.0 WPC A 234
Captings (2)
1.1 163 15.3 14.8 14.3 13.8 11.4 8.7 5.9 4.0 2.5 1.6 1.0 WCA A 216
1p.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 A 352
285 19-6 1S4 1S 172 +4-S 12-5- = 67 i 25 16 10 WeR- A 216
22.8 7 20.4 19.8 18.3 14.8 12.0 3 6.7 4.0 2.5 WCC A 216
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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.

P-No. or Min. S h. ksi Min.
S-No. Temp., M Temp.
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to 100 200

Low and Intermediate Alloy Steel

Pipes (2)
YhCr-Y5Mo A 335 3 P2 . -20 55 30 18.3 18.3
Y4Cr=Y5Mo A 691 3 4CR (11)(67) -20 55 33 183 18.3

A387 Gl 2 Cl. 1
Cc-%Mo A 335 3 P1 (58) -20 55 30 18.3 18.3
c-Y%Mo A 369 3 FP1 (58) -20 55 30 18.3 18.3
YCr-Y,Mo A 369 3 FP2 ... -20 55 30 18.3 18.3
1Cr-%Mo A 691 4 1CR (11)(67) -20 55 33 18.3 18.3

A387 G 12 Cl. 1
YCr-Y,Mo A 426 3 CP2 (10) -20 60 30 18.4 17.7
1%Si-Y4M A 335 3 P15 . -20 60 30 18.8 18.2
1%Si-YM A 426 3 CP15 (10) -20 60 30 18.8 18.2
1Cr-Y%Mo A 426 4 CP12 (10) -20 60 30 18.8 18.3
5Cr-Y,Mo—{114Si A 426 5B CP5b (10) -20 60 30 18.8 17.9
3Cr-Mo A 426 5A cP21 (10) -20 60 30 18.8 18.1
%, Cr=/,Ni—Cu-Al A 333 4 4 -150 60 35 20.0 19.1
2Cr-%Mo A 369 4 FP3b -20 60 30 20.0 18.5
1Cr-%Mo A 335 4 P12 -20 60 32 20.0 18.7
1Cr-Y%Mo A 369 4 FP12 -20 60 32 20.0 18.7
1Y,Cr=-14Mm A 335 4 P11t -20 60 30 20.0 18.7
1Y,cr=YMm A 369 4 FP11 -20 60 30 20.0 18.7
1Y,Cr=Y%Mm A 691 4 1Y,CR 11)(67) -20 60 35 20.0 20.0

A 387 Grf 11 Cl. 1
5Cr-Y,Mo A 691 5B 5CR (11)(67) -20 60 30 20.0 18.1

A387 Gl 5Cl1
5Cr-%Mo A 335 5B P5 -20 60 30 20.0 18.1
5Cr-Y,Mo-5i A 335 5B P5b -20 60 30 20.0 18.1
5Cr—Y,Mo-Ti A335 5B P5c -20 60 30 20.0 18.1
5Cr-Y4Mo A369 5B FP5 -20 60 30 20.0 18.1
9Cr-1Mo A 335 5B P9 -20 60 30 20.0 18.1
9Cr-1Mo A 369 5B FP9 -20 60 30 20.0 18.1
9Cr-1Mo A 691 5B 9CR -20 60 30 20.0 18.1

A 387 Gr-9-€—
3Cr-1Mo A 335 5A P21 -20 60 30 20.0 18.7
3Cr-1Mo A 369 5A FP21 -20 60 30 20.0 18.7
3Cr-1Mo A 691 5A 3CR (11)(67) -20 60 30 20.0 18.5

A387Gr.21ClL1
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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 (1), at Metal Temperature, °F

300 400 500 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 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 Ce A ... P2 A 335
18.3 [18.3 179 17.3 16.9 16.6 13.8 13.8 13.4 12.8 9.2 5.9 Ce - - ... YCR A 691
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 ce L NP1 A 335
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 AN 5. .) FP1 A 369
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 R wi. FP2 A 369
18.3 [18.3 179 173 16.9 16.6 16.3 159 154 14.0 11.3 7.2 4.5 2.8 18 1.1 1CR A 691
17.0 |16.3 15.6 14.9 14.6 14.2 139 13.5 13.2 12.5 10.0 6.3 4.0 2.4 R ... CP2 A 426
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 Q4 e ... P15 A 335
17.6 |17.0 16.5 159 15.6 153 150 14.4 13.8 12.5 10.0 6.3 4.0 2.4 - ... CP15 A 426
17.6 |17.1 16.5 159 15.7 154 15.1 14.8 14.2 13.1 11.3 7.2 4.5 2.8 1.8 1.1 CP12 A 426
17.1 |16.2 15.4 14,5 14.1 13.7 13.3 12.8 12.4 10.9 9.0 5.5 3.5 2.5 1.8 1.2 CP5b A 426
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 CP21 A 426
18.2 |17.3 16.4 15.5 15.0 oo 4 A 333
17.5 |16.4 16.3 15.7 15.4 151 13.9 13.5 13.1 12.57,10.0 6.2 4.2 2.6 1.4 1.0 FP3b A 369
18.0 |17.5 17.2 16.7 16.2 156 152 15.0 14.5(12.8 11.3 7.2 4.5 2.8 1.8 1.1 P12 A 335
18.0 |17.5 17.2 16.7 16.2 15.6 15.2 15.0 14.5v12.8 11.3 7.2 4.5 2.8 1.8 1.1 FP12 A 369
18.0 |17.5 17.2 16.7 16.2 15.6 15.2 150\14.5 12.8 9.3 6.3 4.2 2.8 1.9 1.2 P11 A 335
18.0 (17,5 17.2 16.7 16.2 15.6 152 150 145 12.8 9.3 6.3 4.2 2.8 1.9 1.2 FP11 A 369
20.0 |19.7 18.9 183 18.0 17.6 A#A3" 16.8 16.3 15.0 9.9 6.3 4.2 2.8 1.9 1.2 11/4CR A 691
17.4 |17.2 17.1 16.8 16.6 16.3-13.2 128 12.1 10.9 8.0 5.8 4.2 2.8 2.0 1.3 5CR A 691
17.4 |17.2 171 16.8 166 16.3 13.2 12.8 12.1 10.9 8.0 5.8 4.2 2.9 1.8 1.0 P5 A 335
17.4 117.2 17.1 16.84\16.6 16.3 13.2 12.8 12.1 10.9 8.0 5.8 4.2 2.9 1.8 1.0 P5b A 335
17.4 |17.2 171 168, 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 A 335
17.4 117.2 17.1 \268 16.6 16.3 13.2 12.8 12.1 10.9 8.0 5.8 4.2 2.9 1.8 1.0 FP5 A 369
17.4 117.2 _1AY 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 P9 A 335
17.4 |17.22.17.1 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 FP9 A 369
17.4 |172-717.1 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 9CR A 691
18.0 175 17.2 16.7 16.2 15.6 152 150 14.0 12.0 9.0 7.0 5.5 4.0 2.7 1.5 P21 A 335
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 A 369
18.1 179 179 179 179 179 179 178 14.0 12.0 9.0 7.0 5.5 4.0 2.7 1.5 3CR A 691
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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.

P-No. or Min. S h. ksi Min.
S-No. Temp., M Temp.
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to 100 200
Low and Intermediate Alloy Steel (Cont’d)
Pipes (2)(Cont’d)
2Y,Cr-1Mo| A 691 5A 2Y,CR (11)(67) -20 60 30 20.0 18.5
A387Gd 22Cl 1 72)(75)
2Y,Cr-1Mo| A 369 5A FP22 (72)(75) -20 60 30 200 18.5
2Y,Cr-1Mo| A 335 5A P22 (72)(75) -20 60 30 20.0 18.5
2Ni-1Cu A 333 9A 9 -100 63 46 21.0
2Ni-1Cu A 334 9A 9 -100 63 he 21.0
2YNi A 333 9A 7 -100 65 35 21.7 19.6
2YuNi A 334 9A 7 -100 65 35 21.7 19.6
3YNi A 333 9B 3 -150 65 35 21.7 19.6
3Y5Ni A 334 9B 3 -150 65 35 21.7 19.6
Cc-¥;Mo A 426 3 CP1 (10)(58) -20 65 35 21.7 21.7
C-Mo A 20K Gr. A A 672 3 L65 (11)(58)(67) -20 65 37 21.7 21.7
C—Mo A 20k Gr. A A 691 3 CMé65 (11)(58)(67) -20 65 37 21.7 21.7
2Y,Ni A 20B Gr. B A 671 9A CF70 (11)(65)(67) -20 70 40 23.3
3Y,Ni A 20B Gr. E A 671 9B CF71 (21)(65)(67) -20 70 40 23.3
C-Mo A 20k Gr. B A 672 3 L70 (11)(58)(67) -20 70 40 23.3 23.3
C-Mo A 20k Gr. B A 691 3 CM70 (11)(58)(67) -20 70 40 23.3 23.3
1Y,Cr=-14Mm A 426 4 CR11 (10) -20 70 40 23.3 23.3
2Y,Cr—1Mo| A 426 5A CP22 10)(72) -20 70 40 23.3 23.3
C—Mo A 20k Gr. C A 672 3 L75 (11)(58)(67) -20 75 43 25.0 25.0
C-Mo A 20k Gr. C A 691 3 CM75 (11)(58)(67) -20 75 43 25.0 25.0
9Cr-1Mo- A 335 15E P91 -20 85 60 28.3 28.3
< 3 in. tHick
9Cr-1Mo- A 691 15E P91 -20 85 60 28.3 28.3
< 3 in. tHick
5Cr-YMo A426 58 CP5 (10) -20 90 60 30.0 28.0
9Cr-1Mo A 426 5B CP9 (10) -20 90 60 30.0 22.5
9Ni A 333 11A 8 (47) -320 100 75 31.7 31.7
9Ni A 334 11A 8 -320 100 75 31.7 31.7
Plates
YCr-Y,Mo A 387 3 2CL1 -20 55 33 18.3 18.3
1Cr-%Mo A 387 4 12 Cl. 1 -20 55 33 18.3 18.3
9Cr-1Mo A 387 5 9cCl1 -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 (1), at Metal Temperature, °F

300 400 500 600 650 700 750 800 850 900 950 1000 1050 1100

1150 1200

Grade

Spec. No.

Low and Intermediate Alloy Steel (Cont’d)

Pipes (2) (Cont’d)

163

18.0 (17.9 179 179 179 179 179 178 14.5 12.8 10.8 7.8 5.1 3.2 2.0 1.6 2Y%CR
18.0 (17.9 179 179 179 179 179 178 14.5 12.8 10.8 7.8 5.1 3.2 2.0 1.6 FP22
18.0 |179 179 179 179 179 179 17.8 145 128 10.8 7.8 5.1 3.2 2.0 1.6 P22

9

9
19.6 |18.7 17.6 16.8 163 155 139 11.4 9.0 6.5 4.5 2.5 1.6 1.0 7
19.6 |18.7 17.6 16.8 163 155 13.9 114 9.0 6.5 4.5 2.5 1.6 1.0 7
19.6 |18.7 178 16.8 163 155 139 11.4 9.0 6.5 4.5 2.5 1.6 10 3
119.6 [18.7 17.8 16.8 16.3 15,5 13.9 11.4 9.0 6.5 4.5 2.5 1.6 1.0 3
217 1217 21.3 20.7 20.4 20.0 16.3 15.7 14.4 12,5 10.0 6.3 4.0 2.4 CP1
21.7 |20.7 20.0 193 19.0 186 16.3 158 153 13.7 8.2 4.8 4.0 2.4 L65
21.7 |120.7 20.0 19.3 19.0 186 16.3 158 153 13.7 8.2 4.8 4.0 2.4 CM65

CF70

CF71
23.3 |22.5 21.7 209 205 201 175 175 17.1(13.7 8.2 4.8 4.0 2.4 L70
23.3 |22.5 21.7 209 205 20.1 175 17.5 17.1%v13.7 8.2 4.8 4.0 2.4 CM70
23.3 |23.3 229 223 21.6 209 155 150N14.4 13.7 93 6.3 4.2 2.8 1.9 1.2 CP11
23.3 |23.3 229 223 21.6 209 17.5 175 16.0 14.0 11.0 7.8 5.1 3.2 2.0 1.2 CP22
25.0 |24.1 233 225 221 21.7 488" 188 183 13.7 8.2 4.8 4.0 2.4 L75
25.0 |24.1 233 225 221 21.7~ 388 188 183 13.7 8.2 4.8 4.0 2.4 CM75
28.3 |28.2 28.1 27.7 273,264 259 249 237 223 207 18.0 14.0 103 7.0 4.3 P91
28.3 |28.2 28.1 27.7 213/ 267 259 249 237 223 207 18.0 14.0 10.3 7.0 43 P91
26.1 |24.1 221 \204 19.0 17.5 16.0 145 128 104 7.6 5.6 4.2 3.1 1.8 1.0 CP5
22.5 |22.5 225\225 225 22.0 21.0 194 173 15.0 10.7 8.5 5.5 3.3 2.2 1.5 CP9

8

8
183 183 179 173 169 16.6 13.8 13.8 13.4 128 9.2 5.9 . . . Looo2C1
183 183 179 173 169 16.6 163 159 154 14.0 11.3 7.2 4.5 2.8 1.8 1.1 12Cl.1
17.4 17.2 17.1 168 16.6 163 13.2 12.8 12.1 11.4 10.6 7.4 5.0 3.3 2.2 1.5 9cC.1

A 691

A 369
A 335

A 333
A 334

A 333
A 334

A 333
A 334

A 426

A 672
A 691

A 671
A 671

A 672
A 691

A 426
A 426

A 672
A 691

A 335

A 691

A 426

A 426

A 333
A 334

Plates

A 387
A 387
A 387
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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.

P-No. or Min. S h. ksi Min.
S-No. Temp., M Temp.
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to 100 200

Low and Intermediate Alloy Steel (Cont’d)

Plates (Cpnt’d)
1Y,Cr-Y4M A 387 4 11CL1 -20 60 35 20.0 20.0
5Cr-YMo A 387 5B 5Cl1 -20 60 30 2000 18.1
3Cr-1Mo A 387 5A 21ClL1 e -20 60 30 200 18.5
2Y,Cr—1Mo| A 387 5A 22Cl1 (72) -20 60 30 20.0 18.5
2Y,Ni A 203 9A A (12)(65) -20 65 37 21.7 19.6
3Y5Ni A 203 9B D (12)(65) -20 65 37 21.7 19.6
Cc-%Mo A 204 3 A (58) -20 65 37 21.7 21.7
1Cr-YMo A 387 4 12 Cl. 2 -20 65 40 21.7 21.7
2YiNi A 203 9A B (12)(65) -20 70 40 23.3 21.1
3%Ni A 203 9B E (12)(65) -20 70 40 23.3 21.1
YyCr-Y,Mo A 387 3 202 . -20 70 45 23.3 17.5
C-4Mo A 204 3 B (58) -20 70 40 23.3 23.3
c}—Mn—Si A 202 4 A -20 75 45 25.0 23.9
Mn-Mo A 302 3 A - -20 75 45 25.0 25.0
c-%;Mo A 204 3 C (58) -20 75 43 25.0 25.0
i;%(:r—l/zM A 387 4 11 CL 2 -20 75 45 25.0 25.0
5Cr-Y,Mo A 387 5B 5Cl2 -20 75 45 25.0 24.9
3Cr-YMo A 387 5A 21 Cl. 2 e -20 75 45 25.0 25.0
2Y,Cr—1Mo| A 387 5A 222 (72) -20 75 45 25.0 25.0
Mn-Mo A 302 3 B -20 80 50 26.7 26.7
Mn—Mo-Ni A 302 3 C -20 80 50 26.7 26.7
Mn-Mo—Ni A 302 3 D -20 80 50 26.7 26.7
Cr—-Mn-Si A 202 4 B -20 85 47 28.4 27.1
9Cr-1Mo- A 387 15E 91 Cl. 2 -20 85 60 28.3 28.3

< 3 in. tHick
8Ni A 553 11A Type Il 47) -275 100 85 31.7 e
5Ni ABL5 11A -275 95 65 31.7 31.6
9Ni A 553 11A Type | 47) -320 100 85 31.7 31.7
9Ni A 353 11A e 47) -320 100 75 31.7 31.7

Forgings [and,Fittings (2)
Cc-Y5Mo A 234 3 WP1 (58) —-20 55 30 18.3 18.3
1Cr-Y,Mo A 182 4 F12 Cl. 1 ©) -20 60 32 20.0 19.3
1Cr-YMo A 234 4 WP12 Cl. 1 -20 60 32 20.0 19.3
1Y,Cr-%Mo A 182 4 F11 Cl. 1 ©) -20 60 30 20.0 18.7
1Y,cr-Y%Mo A 234 4 WP11 Cl. 1 -20 60 30 20.0 18.7
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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 (1), at Metal Temperature, °F

300 400 500 600 650 700 750 800 850 900 950 1000 1050 1100

1150 1200 Grade

Spec. No.

Low and Intermediate Alloy Steel (Cont’d)

Plates (Cont’d)

20.0 (19.7 189 18.3 18.0 17.6 17.3 16.8 16.3 13.7 9.3 6.3 4.2 2.8 1.9 1.2 11ClL1 A 387
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 2.9 1.8 1.0 5¢Cl.¢ A 387
18.1 |17.9 179 179 179 179 179 17.8 14.0 12.0 9.0 7.0 5.5 4.0 2.7 1.5 21CL1I A 387
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 22l 1 A 387
19.6 |16.3 16.3 16.3 16.3 155 13.9 11.4 9.0 6.5 4.5 2.5 A A 203
19.6 |16.3 16.3 16.3 16.3 155 139 11.4 9.0 6.5 4.5 2.5 D A 203
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 NS ... A A 204
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 12ClL 2 A 387
21.1 (17,5 175 17,5 17.5 16.6 14.8 12.0 9.3 6.5 4.5 2.5 B A 203
21.1 (17,5 175 17,5 17.5 16.6 14.8 12.0 9.3 6.5 4.5 2.5 E A 203
i17.5 |17.5 17,5 17.5 17.5 175 17.5 17.5 16.8 14.5 10.0 6.3 e A 2CL2 A 387
23.3 (22.5 21.7 20.9 20.5 20.1 17.5 17.5 17.1 13.7 8.2 4.8 4.0 2.4 B A 204
22.8 [21.6 20.5 19.3 18.8 17.7 15.7 12.0 7.8 5.0 3.0 1.5 A A 202
25.0 |25.0 25.0 25.0 25.0 25.0 18.3 17.7 16.8 13.7 82 4.8 Ce Ce A A 302
25.0 |24.1 23.3 225 22.1 21.7 18.8 18.8 183 13.7 8.2 4.8 4.0 2.4 C A 204
25.0 [25.0 24.3 23.5 23.1 22.7 222 21.6 21.1 13\7 9.3 6.3 4.2 2.8 1.9 1.2 11CL2 A 387
24.2 |24.1 23.9 23.6 23.2 22.8 16.5 16.0 15.1(10.9 8.0 5.8 4.2 2.9 1.8 1.0 5CL2 A 387
24.5 (24.1 23.9 23.8 23.6 23.4 23.0 22.5 19.0~13.1 9.5 6.8 4.9 3.2 2.4 1.3 21CL2 A 387
24.5 |24.1 23.9 23.8 23.6 23.4 23.0 225. Q218 17.0 11.4 7.8 5.1 3.2 2.0 1.2 22CL2 A 387
26.7 |26.7 26.7 26.7 26.7 26.7 19.6 188 17.9 13.7 8.2 4.8 B A 302
26.7 [26.7 26.7 26.7 26.7 26.7 19.6\.18.8 17.9 13.7 8.2 4.8 C A 302
26.7 |26.7 26.7 26.7 26.7 26.7 A9%6" 188 17.9 13.7 8.2 4.8 D A 302
25.8 [24.5 23.2 21.9 21.3 19.8-717.7 12.0 7.8 5.0 3.0 1.5 - Ce Ce ... B A 202
28.3 [28.2 28.1 27.7 273,267 259 249 23.7 223 20.7 18.0 14.0 10.3 7.0 43 91ClL 2 A 387
Type |l A 553

A 645

Type | A 553

. A 353

Forgings and Fittings (2)

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 WP1 A 234
18.1 17.3 16.7 16.3 16.0 15.8 15.5 15.3 149 14.5 11.3 7.2 4.5 2.8 1.8 1.1 F12ClL1 A 182
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 A 234
18.0 17.5 17.2 16.7 16.2 15.6 15.2 15.0 145 12.8 9.3 6.3 4.2 2.8 1.9 1.2 F11cl1 A 182
18.0 17.5 17.2 16.7 16.2 15.6 15.2 15.0 145 12.8 9.3 6.3 4.2 2.8 1.9 1.2 WP11CL1 A 234
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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.

P-No. or Min. S h. ksi Min.
S-No. Temp., M Temp.
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to 100 200
Low and Intermediate Alloy Steel (Cont’d)
Forgings and Fittings (2) (Cont’d)
2Y,Cr-1Mo| A 182 5A F22 Cl. 1 9)(72)(75) -20 60 30 20.0 18.5
2Y,Cr-1Mo| A 234 5A WP22 Cl. 1 (72) -20 60 30 2000 18.5
5Cr-%Mo A 234 5B WP5 . -20 60 30 20.0 18.1
9Cr-1Mo A 234 5B WP9 . -20 60 30 20.0 18.1
3Y4Ni A 420 9B WPL3 e -150 65 35 21.7
3YNi A 350 9B LF3 ) -150 70 37.5 23.3
Y5Cr=Y,Mo A 182 3 F2 ) -20 70 40 23.3 23.3
c-Y4Mo A 182 3 F1 9)(58) -20 70 40 23.3 23.3
1Cr-Y%Mo A 182 4 F12 Cl. 2 ©) 20 70 40 23.3 23.3
1Cr-Y,Mo A 234 4 WP12 Cl. 2 . -20 70 40 23.3 23.3
1Y,Cr-YM A 182 4 F11 Cl. 2 ©) -20 70 40 23.3 23.3
1Y,cr-YMp A 234 4 WP11 Cl. 2 ... -20 70 40 23.3 23.3
5Cr-YMo A 182 5B F5 9) -20 70 40 23.3 23.3
3Cr-1Mo A 182 5A F21 ) -20 75 45 25.0 25.0
2Y,Cr—1Mo| A 182 5A F22 CL.. 3 9)(72) -20 75 45 25.0 25.0
2Y,Cr-1Mo| A 234 5A WP22:El0 3 (72) -20 75 45 25.0 25.0
9Cr-1Mo A 182 5B F9 ©) -20 85 55 28.3 28.3
9Cr-1Mo- A 182 15E F91 . -20 85 60 28.3 28.3
< 3 in. tHick
9Cr-1Mo- A 234 15E WP91 e -20 85 60 28.3 28.3
< 3 in. tHick
5Cr-%,Mo A 182 5B F5a ©) -20 90 65 30.0 29.9
9Ni A 420 11A WPL8 (47) -320 100 75 33.3 33.3
Castings|(2)
c-Y%Mo A352 3 LC1 9)(58) -75 65 35 21.7 21.5
c-Y4Mo A 217 3 WwC1 9)(58) -20 65 35 21.7 21.5
2Y5Ni A 352 9A LC2 ) -100 70 40 23.3 17.5
3YNi A 352 9B LC3 ) -150 70 40 23.3 17.5
Ni—Cr—l/zMo A 21/ 4 WC4 9) =20 /0 40 25.5 23.3
Ni-Cr-1Mo A 217 4 WC5 ©) -20 70 40 23.3 23.3
1Y,Ccr-%Mo A 217 4 WCé6 ) -20 70 40 23.3 23.3
2Y,Cr-1Mo A 217 5A WC9 ©) -20 70 40 23.3 23.3
5Cr-Y4Mo A 217 5B c5 ©) -20 90 60 30.0 29.9

9Cr—‘:1Mo A 217 5B C12 ©) =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 (1), at Metal Temperature, °F

300 400 500 600 650 700 750 800 850 900 950 1000 1050 1100

1150 1200

Grade

Spec. No.

Low and Intermediate Alloy Steel (Cont’d)

Fargings and Fittings (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 1.2 F22Cl1 A 182
18.0 |17.9 179 179 179 179 179 17.8 14,5 128 10.8 7.8 5.1 3.2 2.0 1.2 WP22TCl 1 A 234
17.4 117.2 171 16.8 16.6 16.3 13.2 128 12.1 10.9 8.0 5.8 4.2 2.9 1.8 1.0 WP5 A 234
17.4 117.2 171 16.8 16.6 16.3 13.2 128 12.1 11.4 10.6 7.4 5.0 3.3 2.2 145 “"WP9 A 234
WPL3 A 420

LF3 A 350

23.3 |22.5 21.7 209 20.5 20.1 17.5 17.5 17.1 15.0 9.2 5.9 . X.. F2 A 182
23.3 |22.5 21.7 209 20.5 20.1 17.5 17.5 17.1 13.7 8.2 4.8 4.0, 2.4 F1 A 182
23.3 |22.5 21.7 20.9 20.5 20.1 19.7 19.2 18.7 18.0 11.3 7.2 IS 2.8 1.8 1.1 F12Cl. 2 A 182
23.3 |22.5 21.7 20.9 20.5 20.1 19.7 19.2 18.7 18.0 11.3 7.2 4.5 2.8 1.8 1.1 WP12ClL 2 A 234
23.3 [22.5 21.7 20.9 20.5 20.1 19.7 19.2 18.7 13.7 9.3 6.3 4.2 2.8 1.9 1.2 F11Cl.2 A 182
23.3 |22.5 21.7 20.9 20.5 20.1 19.7 19.2 18.7 13.7 9.3 6.3 4.2 2.8 1.9 1.2 WP11 Cl. 2 A 234
22.6 (22.4 22.4 220 21.7 21.3 154 14.8 141 109 8.0 5.8 4.2 2.9 1.8 1.0 F5 A 182
24.5 (24.1 23.9 23.8 23.6 23.4 23.0 22.5 19.0 131 9.5 6.8 4.9 3.2 2.4 1.3 F21 A 182
24.5 (24.1 23.9 23.8 23.6 23.4 23.0 22,5 21.8 17.0 11.4 7.8 5.1 3.2 2.0 1.2 F22Cl. 3 A 182
24.5 [24.1 239 23.8 23.6 23.4 23.0 22.5.21.8 17.0 11.4 7.8 5.1 3.2 2.0 1.2 WP22Cl. 3 A 234
27.5 |27.2 271 26.8 26.3 258 18.7 18.1 17.1 16.2 11.0 7.4 5.0 3.3 2.2 1.5 F9 A 182
28.3 [28.2 28.1 27.7 27.3 26.7 259\N24.9 23.7 223 20.7 18.0 14.0 10.3 7.0 4.3 F91 A 182
28.3 [28.2 28.1 27.7 27.3 26.7 259 249 23.7 223 20.7 18.0 14.0 10.3 7.0 4.3 WP91 A 234
29.1 |28.9 28.7 28.3 27.9C 273 19.8 19.1 143 10.9 8.0 5.8 4.2 2.9 1.8 1.0 Fb5a A 182
WPL8 A 420

Captings (2)

20.5 [19.7 18.9 <18.3 18.0 17.6 ... . LC1 A 352
20.5 [19.7 18/9%\,.18.3 18.0 17.6 16.2 15.8 153 13.7 8.2 4.8 4.0 2.4 WwC1 A 217
17.5 |17.5 «I%5 17,5 17.5 LC2 A 352
17.5 |17.5~17.5 17.5 17.5 LC3 A 352
23.3 225 21.7 20.9 20.5 20.1 175 17/.5 1I7.T 150 9.2 59 .. .. WCZ A 217
23.3 22,5 21.7 209 20.5 20.1 17.5 17.5 171 16.3 11.0 6.9 4.6 2.8 R ... WC5 A 217
23.3 22,5 21.7 209 20.5 20.1 19.7 19.2 18.7 14.5 11.0 6.9 4.6 2.8 2.5 1.3 WCé A 217
23.1 225 224 224 222 219 215 21.0 19.8 17.0 11.4 7.8 5.1 3.2 2.0 1.2 WC9 A 217
29.1 28.9 28.7 283 279 273 19.8 19.1 143 10.9 8.0 5.8 4.2 2.9 1.8 1.0 C5 A 217
29.1 28.9 28.7 283 279 273 19.8 19.1 18.2 16.5 11.0 7.4 5.0 3.3 2.2 1.5 C(C12 A 217
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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.

P-No. or Min. s h ksi Min.
Spec.  S-No. UNS Temp., M Temp.
Material No. 5) Grade No. Notes °F(6) Tensile Yield to100 200 300 400 500 600
Stainless Steel (3)(4a)
Pipes and Tubes (2)
18Cr-10Ni-Ti|pipe A312 8 TP321 532100 (30)(36) -425 70 25 16.7 16.7 16.7 16.7 . 16,4 15.2
smls > ¥ in. thick
18Cr-10Ni-Ti|pipe A376 8 TP321 532100 (30)(36) -425 70 25 16.7 16.7 167 167 16 15.2
> ¥ in. thidk
18Cr-8Ni tub. A269 8 TP304L $30403  (14)(36) -425 70 25 16.7 16.70)6.7 158 14.7] 14.0
18Cr-8Ni pipg A312 8 TP304L 530403 ... -425 70 25 16.7 16.7) 16.7 158 14.7] 14.0
Type 304L A 340 A358 8 304L $30403 (36) -425 70 25 16.7 16,7 16.7 158 14.7] 14.0
l6Cr—12Ni—2m0 tube A269 8 TP316L $31603  (14)(36) -425 70 25 16,7 16.7 167 157 148 14.0
16Cr-12Ni-2Mo pipe A312 8 TP316L S$31603 ... -425 70 25 167 16.7 16.7 157 148 14.0
Type 316L A 340 A358 8 316L $31603  (36) -425 70 25 16.7 16.7 16.7 157 148 14.0
18Cr-10Ni-Ti|pipe A312 8 TP321 532100 (28)(30)(36) =425 70 25 16.7 16.7 167 16.7 16 15.2
smls > % in. thick
18Cr-10Ni-Ti|pipe A376 8 TP321 532100 (28)(30)(36) -425 70 25 16.7 16.7 167 16.7 16 15.2
> ¥ in. thidk
18Cr-10Ni-Ti|pipe A312 8 TP321H 532109  (30)(36) -325 70 25 16.7 16.7 167 167 161 15.2
smls > ¥ in. thick
18Cr-10Ni-Ti|pipe A376 8 TP321H 532109 £325 70 25 16.7 16.7 167 167 16 15.2
> ¥ in. thidk
23Cr-13Ni A451 8 CPH8 193400  (26)(28)(35) -325 65 28 18.7 187 185 180 17.4 17.1
25Cr-20Ni A451 8 CPK20 194202 (12)(28)(35)(39) -325 65 28 18.7 187 185 180 17.4 171
11Cr-Ti tube A268 7 TP409 S40900 (35) -20 60 30 20.0
18Cr-Ti tube A268 7 TP430Ti S43036 +(35)(49) -20 60 40 20.0
15Cr-13Ni-2Mo-Cb A451 S8 CPF1OMC . (28) -325 70 30 20.0
16Cr-8Ni-2Mp pipe A376 8 16-8-2H 516800~ (26)(31)(35) -325 75 30 20.0
12Cr-Al tube A268 7 TP405 S40500 (35) -20 60 30 20.0 20.0 19.6 19.3 19.00 18.5
13Cr tube A268 6 TP410 S41000 (35) -20 60 30 20.0 20.0 19.6 19.3 19.0f 18.5
16Cr tube A268 7 TP430, S43000 (35)(49) -20 60 35 20.0 20.0 19.6 19.3 19.00 18.5
18Cr-13Ni-3Mo pipe A312 8 TP317L 531703 -325 75 30 20.0 20.0 20.0 189 17.7 16.9
25Cr-20Ni pipe A312 8 TP310 .. (28)(35)(39) -325 75 30 20.0 20.0 20.0 20.0 19.3 185
Type 310S A 240 A358 _8 310S 531008 (28)(31)(35)(36) -325 75 30 200 20.0 20.0 20.0 19.3 185
25Cr-20Ni pipe A 4098 TP310 531000 (28)(31)(35)(36) -325 75 30 20.0 20.0 20.0 20.0 19.3 18.5
39
18Cr-10Ni-Ti|pipe A312 8 TP321 532100 (30) -425 75 30 20.0 20.0 20.0 20.0 19.3 183
smls < % in. thk &awld
18Cr-10Ni-Ti|pipe A358 8 321 532100 (30)(36) -425 75 30 20.0 20.0 20.0 20.0 19.3 18.3
18Cr-10Ni-Ti|pipe A376 8 TP321 532100 (30)(36) -425 75 30 200 20.0 20.0 20.0 19.3 183
< % in. thick
18Cr-10Ni-Ti pipe A409 8 TP321 532100 (30)(36) -425 75 30 200 20.0 20.0 20.0 193 183
23Cr-12Ni pipe A312 8 TP309 e (28)35)(39) -325 75 30 20.0 20.0 20.0 20.0 19.4 18.8
Type 309S A 240 A358 8 309S 530908 (28)(31)(35)(36) -325 75 30 200 20.0 20.0 20.0 194 18.8
23Cr-12Ni pipe A409 8 TP309 530900 (28)(31)(35)(36) -325 75 30 20.0 20.0 20.0 20.0 19.4 18.8
39
18Cr-8Ni A451 8 CPF8 192600  (26)(28) —-425 70 30 20.0 20.0 20.0 18.6 17.5 16.6

168


https://asmenormdoc.com/api2/?name=ASME B31.3 2010.pdf

ASME B31.3-2010

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 (1), at Metal Temperature, °F

Spec.

650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.
Stainless Steel (3)(4a)

Pipes and Tubes )
149 146 143 141 140 138 13.6 135 9.6 6.9 5.0 3.6 2.6 1.7 1.1 0.8 0.5 0.3 »JIR32 A 312
149 (146 143 141 140 138 13.6 135 9.6 6.9 5.0 3.6 2.6 1.7 1.1 0.8 0.5 0.3, TP32 A 376
13.7 (135 133 13.0 128 126 123 120 6.3 5.1 4.0 3.2 2.6 2.1 1.7 1.1 10 0.9 TP304L A 269
13.7 (135 133 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 TP304L A 312
13.7 (135 133 13.0 128 126 123 120 6.3 5.1 4.0 3.2 2.6 2.1 1.7 11 1.0 0.9 304L A 358
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 TP31¢L A 269
13.7 (135 13.2 129 127 124 121 118 116 11.4 8.8 6.4 4.7 3.5 25 1.8 1.3 1.0 TP31¢L A312
13.7 (135 13.2 129 127 124 121 118 116 114 8.8 6.4 4.7 3.5 25 1.8 1.3 1.0 316L A 358
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 TP32 A 312
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 TP32 A 376
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 TP321H A 312
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 TP321H A 376
16.7 163 159 154 149 144 139 111 8.5 6.5 5.0 3.8 2.9 2.3 1.8 1.3 0.9 0.8 CPH8 A 451
16.7 (163 159 154 149 144 139 113 9.8 8.5 7.3 6.0 4.8 3.5 2.4 1.6 1.1 0.8 CPK2 A 451
TP40 A 268
TP43QTi A 268
CPF1QMC A 451
16-8-pH A 376
181 [17.7 171 164 156 143 8.4 4.0 . e e e TP40 A 268
18.1 (177 171 164 156 123 88 6.4 4.4 2.9 1.8 1.0 TP41 A 268
181 [17.7 171 164 156 120 9.2 6.5 4.5 3.2 2.4 1.8 TP43 A 268
16.5 |[16.2 15.8 155 15.2 TP31JL A 312
18.2 (179 17.7 174 172\ )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 TP31 A 312
18.2 (179 177 174 972" 169 159 9.9 7.1 5.0 3.6 2.5 1.5 0.8 0.5 0.4 0.3 0.2 310S A 358
18.2 (179 177 1740172 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 TP31 A 409
179 175 172/ ,169 16.7 165 164 16.2 9.6 6.9 5.0 3.6 2.6 1.7 1.1 0.8 0.5 03 TP32 A 312
17.9 |17.54717.2 169 16.7 165 164 16.2 9.6 6.9 5.0 3.6 2.6 1.7 1.1 0.8 0.5 03 321 A 358
17.9 (1705 17.2 169 167 16.5 164 16.2 9.6 6.9 5.0 3.6 2.6 1.7 1.1 0.8 0.5 0.3 TP32 A 376
17.9 175 17.2 169 167 16.5 164 16.2 9.6 6.9 5.0 3.6 2.6 1.7 1.1 0.8 0.5 03 TP321 A 409
185 182 180 17.7 175 172 169 138 103 7.6 5.5 4.0 3.0 2.2 1.7 1.3 1.0 0.8 TP309 A 312
185 182 180 17.7 175 172 169 138 103 7.6 5.5 4.0 3.0 2.2 1.7 1.3 1.0 0.8  309S A 358
185 18.2 180 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 TP309 A 409
16.2 158 155 152 149 146 143 12.2 9.5 7.5 6.0 4.8 3.9 3.3 2.7 2.3 2.0 1.7 CPF8 A 451
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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.

P-No. or Min. . Min.
Spec.  S-No. UNS Temp., S”Lth’k‘f" Temp.
Material No. 5) Grade No. Notes °F(6) Tensile Yield to 100 200 300 400 500 600

Stainless Steel (3)(4a) (Cont’d)

Pipes and Tubes (2) (Cont’d)
18Cr-10Ni-Ch pipe A312 8 TP347 S34700 -425 75 30 20.0 20.0 20.0 20.0, 200 19.3
Type 347 A 240 A358 8 347 S34700 (30)(36) -425 75 30 200 20.0 20.0 200 20.00 19.3
18Cr-10Ni-Cl pipe A376 8 TP347 S34700  (30)(36) -425 75 30 20.0 20.0 20.0 20.0° 20.0 19.3
18Cr-10Ni-Ch pipe A409 8 TP347 S34700 (30)(36) =425 75 30 200  20.0 20.0 0.0 20.00 19.3
18Cr-10Ni-Cl pipe A312 8 TP348 S34800 ... -325 75 30 20.0 20.0 __20.0* 20.0 20.00 19.3
Type 348 A 240 A358 8 348 S34800 (30)(36) -325 75 30 200 206, 20.0 20.0 20.00 19.3
18Cr-10Ni-Ch pipe A376 8 TP348 S34800 (30)(36) -325 75 30 20.0 20.0/ 20.0 20.0 20.00 19.3
18Cr-10Ni-Ch pipe A409 8 TP348 S34800 (30)(36) -325 75 30 20.0 4 20.0 20.0 20.0 20.00 19.3
23Cr-13Ni A451 8 CPH10 or  J93402  (12)(14)(28)(35)(39) -325 70 30 20:0 200 199 19.4 189 183

CPH20

25Cr-20Ni pipe A312 8 TP310 . (28)(29)(35)(39) -325 75 30 20.0 20.0 20.0 20.0 19.3 185
Type 310S A 240 A358 8 310S 531008  (28)(29)31)(35)(36)  -325 75 30 200 20.0 20.0 20.0 19.3 185
18Cr-10Ni-CH A451 8 CPF8C 192710 (28) -325 70 30 20.0 20.0 20.0 186 17.5 16.6
18Cr-10Ni-Ti|pipe A312 8 TP321 $32100 (28)(30) -425 75 30 200 20.0 20.0 20.0 19.3 183

smls < % in. thk; wld
Type 321 A 240 A358 8 321 532100 (28)(30)(36) 425 75 30 200 20.0 20.0 20.0 19.3 183
18Cr-10Ni-Ti|pipe A376 8 TP321 532100 (28)(30)(36) <425 75 30 20.0 20.0 20.0 20.0 19.3 18.3

< ¥ in. thidk
18Cr-10Ni-Ti|pipe A409 8 TP321 532100 (28)(30)(36) -425 75 30 20.0 20.0 20.0 20.0 19.3 18.3
18Cr-10Ni-Ti|pipe A376 8 TP321H 532109  (30)(36) -325 75 30 200 20.0 20.0 20.0 19.3 183

<% in. thigk
18Cr-10Ni-Ti|pipe A312 8 TP321H 532109 -325 75 30 200 20.0 20.0 20.0 19.3 183

smls < % in. thk; wld
16Cr-12Ni-Mp tube A269 8 TP316 531600~ (14)(26)(28)31)(36)  -425 75 30 200 20.0 20.0 19.3 18.00 17.0
16Cr-12Ni-2Mo pipe A312 8 TP316 $31600 (26)(28) =425 75 30 200 20.0 20.0 19.3 18.00 17.0
Type 316 A 240 A358 8 316 531600  (26)(28)(31)(36) -425 75 30 20.0 20.0 20.0 193 18.0 17.0
16Cr-12Ni-2Mo pipe A376 8 TR316 531600 (26)(28)(31)(36) -425 75 30 200 20.0 20.0 19.3 18.00 17.0
16Cr-12Ni-2Mo pipe A409 8 TR316 531600  (26)(28)(31)(36) -425 75 30 20.0 20.0 20.0 193 18.00 17.0
18Cr-3Ni-3Mp pipe A312 8 TP317 531700  (26)(28) -325 75 30 200 20.0 20.0 19.3 18.00 17.0
18Cr-3Ni-3Mp pipe A409 8 TP317 531700  (26)(28)(31)(36) -325 75 30 20.0 20.0 20.0 193 18.00 17.0
16Cr—12Ni—2]:0 pipe A376 ~8 TP316H 531609  (26)(31)(36) -325 75 30 20.0 20.0 20.0 19.3 18.0f 17.0
16Cr-12Ni-2Mo pipe A3/ 8 TP316H 531609  (26) -325 75 30 20.0 20.0 20.0 19.3 18.0f 17.0
18Cr-10Ni-Cl pipe A376 8 TP347H S34709  (30)(36) -325 75 30 20.0 20.0 20.0 20.0 20.0 19.3
18Cr-10Ni-Ch pipe A312 8 TP347 S34700 (28) -425 75 30 200 20.0 20.0 20.0 20.0 19.3
Type 347 A 240 A358 8 347 S34700  (28)(30)(36) -425 75 30 200 20.0 20.0 20.0 20.0 19.3
18Cr-10Ni-CH pipe A376 8 TP347 534700 (28)(30)(36) -425 75 30 20.0 20.0 20.0 20.0 20.00 19.3
18Cr-10Ni-Cb pipe A409 8 TP347 S34700  (28)(30)(36) -425 75 30 200 20.0 20.0 20.0 20.0 193
18Cr-10Ni-Cb pipe A312 8 TP348 534800 (28) -325 75 30 200 20.0 20.0 20.0 20.0 193
Type 348 A 240 A358 8 348 S34800 (28)(30)(36) -325 75 30 200 20.0 20.0 20.0 20.0 193
18Cr-10Ni-Cb pipe A376 8 TP348 S34800 (28)(30)(36) -325 75 30 20.0 20.0 20.0 20.0 20.0 19.3
18Cr-10Ni-Cb pipe A409 8 TP348 S34800 (28)(30)(36) -325 75 30 200 20.0 20.0 20.0 20.0 193
18Cr-10Ni-Cb pipe A312 8 TP347H S34709 -325 75 30 20.0 20.0 20.0 20.0 20.0 19.3
18Cr-10Ni-Cb pipe A312 8 TP348H 534809 -325 75 30 200 20.0 20.0 20.0 20.0 193
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d) (10)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi (1), at Metal Temperature, °F

Spec.
650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.

Stainless Steel (3)(4a) (Cont’d)
Pipes and Tuhes (2) (Cont’d)

19.0 187 185 183 182 181 181 160 121 9.1 6.1 4.4 33 2.2 1.5 1.2 0.9 0.8 \IR34 A312
19.0 187 185 183 182 181 181 160 121 9.1 6.1 4.4 3.3 2.2 1.5 1.2 0.9 0.8\, 347 A 358
19.0 187 185 183 182 181 181 160 121 9.1 6.1 4.4 33 2.2 1.5 1.2 0.9 0.8, TP34 A376
19.0 187 185 183 182 181 181 160 121 9.1 6.1 4.4 3.3 2.2 1.5 1.2 0.9 0.8  TP34 A 409
19.0 187 185 183 182 181 181 160 121 9.1 6.1 4.4 33 2.2 1.5 1.2 0.9 0.8  TP34 A312
19.0 187 185 183 182 181 181 160 121 9.1 6.1 4.4 3.3 2.2 1.5 1.2 0.9 0.8 348 A 358
19.0 187 185 183 182 181 181 160 121 9.1 6.1 4.4 33 2.2 1.5 12 0.9 0.8  TP34 A 376
19.0 187 185 183 182 181 181 160 121 9.1 6.1 4.4 3.3 2.2 1.5 12 0.9 0.8 TP34 A 409
179 175 170 165 160 154 149 111 8.5 6.5 5.0 3.8 2.9 23 1.8 13 0.9 0.8 CPHIpor A451
CPH20
182 179 177 174 172 169 167 138 103 7.6 5.5 4.0 3.0 2.2 1.7 13 1.0 0.8 TP31 A 312
182 179 17.7 174 172 169 167 138 103 7.6 5.5 4.0 3.0 2.2 1.7 1.3 1.0 0.8 310S A 358
16.2 158 155 152 149 146 143 140 12.1 9.1 6.1 4.4 33 2.2 1.5 1.2 0.9 0.8 CPF8 A 451
17.9 175 17.2 169 167 165 164 162 123 9.1 6.9 5.4 4.1 3.2 25 1.9 1.5 1.1 TP32 A312
17.9 175 17.2 169 167 165 164 162 123 9.1 6.9 Sulk 4.1 3.2 2.5 1.9 1.5 1.1 321 A 358
17.9 175 172 169 167 165 164 162 12.3 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 TP32 A376
179 175 172 169 167 165 164 162 123 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 TP32 A 409

17.9 175 172 169 167 165 164 162 123 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 TP321H A 376

17.9 175 172 169 167 165 164 162 123 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 TP321H A 312

16.6 163 161 159 157 156 154 153 151 124 9.8 7.4 5.5 4.1 3.1 23 1.7 13 TP31 A 269
16.6 163 161 159 157 15.6 154~\153 151 124 9.8 7.4 5.5 4.1 3.1 23 1.7 13 TP31 A 312
16.6 163 16.1 159 157 156 AS5.4~ 153 151 124 9.8 7.4 5.5 4.1 3.1 23 1.7 1.3 316 A 358
16.6 (163 161 159 157 15.6- 154 153 151 124 9.8 7.4 55 4.1 3.1 23 1.7 13 TP31 A 376
16.6 163 161 159 157 156. 154 153 151 124 9.8 7.4 5.5 4.1 3.1 23 1.7 1.3 TP31 A 409
16.6 (163 161 159 157456 154 153 151 124 9.8 7.4 55 4.1 3.1 2.3 1.7 13 TP31 A312
16.6 163 16.1 159 157N\/15.6 154 153 151 124 9.8 7.4 5.5 4.1 3.1 23 1.7 1.3 TP31 A 409

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 TP31¢H A376

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 TP31¢H A312
19.0 |18.7 185( 183 182 181 181 181 174 141 105 7.9 5.9 4.4 3.2 25 1.8 1.3 TP34]H A 376

19.0 |18.7 ."185 183 182 181 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 13 P34 A312
19.0 187185 183 182 181 181 181 174 141 105 7.9 5.9 4.4 3.2 25 1.8 13 347 A 358
190 187 185 183 182 181 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 13 P34 A 376

190 187 185 183 182 181 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 13 TP347 A 409
190 187 185 183 182 181 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 13 TP348 A312
190 187 185 183 182 181 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 13 348 A 358
190 187 185 183 182 181 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 13 TP348 A376
190 187 185 183 182 181 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 13 TP348 A 409

190 187 185 183 182 181 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 1.3 TP347H A 312
190 187 185 183 182 181 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 13 TP348H A312
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(10) 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.

P-No. or Min. s h ksi Min.
Spec.  S-No. UNS Temp., _ Strength, ks Temp.
Material No. 5) Grade No. Notes °F(6) Tensile Yield to 100 200 300 400 500 600
Stainless Steel (3)(4a) (Cont’d)
Pipes and Tubes (2) (Cont’d)
18Cr-8Ni tub: A269 8 TP304 S30400 (14)(26)(28)31)(36)  -425 75 30 20.0 20.0 20.0 18.6 17,5 16.6
18Cr-8Ni pipg A312 8 TP304 530400 (26)(28) -425 75 30 20.0 20.0 20.0 18(6™ 17.5 16.6
Type 304 A 240 A358 8 304 530400 (26)(28)(31)(36) -425 75 30 20.0 20.0 20.0 186 17.5 16.6
18Cr-8Ni pipd A376 8 TP304 530400 (20)(26)(28)31)(36)  -425 75 30 20.0 20.0 20.018.6 17.5 16.6
18Cr-8Ni pipd A376 8 TP304H $30409 (26)(31)(36) -325 75 30 20.0 20.0 200+ 18.6 17.5 16.6
18Cr-8Ni pipg A409 8 TP304 530400 (26)(28)(31)(36) -425 75 30 20.0 206, ‘20.0 18.6 17.5 16.6
18Cr-8Ni pipd A312 8 TP304H S30409 (26) -325 75 30 20.0 200/ 20.0 186 17.5 16.6
18Cr-10Ni-Mp A451 8 CPF8M 192900  (26)(28) -425 70 30 20.0 0200 189 17.0 158 15.0
20Cr-Cu tube A268 10 TP443 S44300 (35) -20 70 40 233 233 233 233 233 233
27Cr tube A268 10l TP446 S44600 (35) -20 70 40 233 233 225 219 215 209
24Cr-9Ni-N A451 8 CPE20N (3539 -325 80 40 26.7 26.7 267 26.7 267 26.7
23Cr-4Ni-N A789 10H e $32304 (25) -60 87 58 29.0 27.9 261 247 229 19.2
23Cr-4Ni-N A790 10H . $32304 (25) -60 87 58 29.0 279 261 247 229 19.2
123/4Cr A426 6 CPCA-15  J91150  (10)(35) -20 90 65 30.0
22Cr-5Ni-3Mp A789 10H ... 531803 (25 -60 90 65 30.0 30.0 289 27.8 272l 26.9
22Cr-5Ni-3Mp A790 10H ce. S31803  (25) =60 90 65 30.0 30.0 289 27.8 2721 26.9
26Cr-4Ni-Mo A789 10H s $32900 (25) -20 90 70 30.0
26Cr-4Ni-Mo A790 10H Ce. 532900 (25) -20 90 70 30.0
25Cr-8Ni-3Mp- A789 S-10H . $32760 (25) -60 109 80 36.3 35.9 344 34.0 34.00 34.0
W-Cu-N
25Cr-8Ni-3Mp- A790 S-10H .. 532760 .(25) -60 109 80 36.3 35.9 344 34.0 34.00 34.0
W-Cu-N
25Cr-7Ni-4Mp-N A789 10H .. 532750 (25) -20 116 80 36.3 36.3 348 34.0 339 33.9
25Cr-7Ni-4Mp-N A790 10H . S32750 (25) -20 116 80 36.3 36.3 34.8 34.0 339 33.9
24Cr-17Ni-6Mn- A358 S-8 .. S34565  (36) -325 115 60 383 381 358 345 3384 332
4Y,Mo-N
Plates arld Sheets
18Cr-10Ni A240 8 305 530500 (26)(36)(39) -325 70 25 16.7
12Cr-Al A 240 F 405 S40500 (35) -20 60 25 16.7 153 148 145 143 14.0
18Cr-8Ni A240- 8 304L $30403  (36) -425 70 25 16.7 16.7 16.7 158 147 14.0
16Cr-12Ni-2Mo A240 8 316L $31603  (36) -425 70 25 16.7 16.7 167 157 148 14.0
18CrTi-Al A240 ... X8m (35) -20 65 30 20.0
18Cr=8Ni A167 S8 3028 S30215  (26)(28)31(36)(39)  _32¢ 75 30 200 200 200 186 17 16.6
18Cr:—Ni A240 8 302 530200 (26)(36) -325 75 30 20.0 20.0 20.0 18.6 17.5 16.6
13Cr: A240 7 410S S41008  (35)(50) -20 60 30 20.0 18.4 178 17.4 172 16.8
13Cr: A240 6 410 S41000 (35) -20 65 30 20.0 184 178 17.4 172 16.8
15Cr: A240 6 429 S42900 (35) -20 65 30 20.0 18.4 178 17.4 172 16.8
17Cr': A240 7 430 S43000 (35) -20 65 30 200 184 17.8 17.4 172 168
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d) (10)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi (1), at Metal Temperature, °F

Spec.
650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.

Stainless Steel (3)(4a) (Cont’d)
Pipes and Tuhes (2) (Cont’d)

16.2 |158 155 152 149 146 143 140 124 9.8 7.7 6.1 4.7 3.7 2.9 23 1.8 1.4 \JR30 A 269
16.2 |158 155 152 149 146 143 140 124 9.8 7.7 6.1 47 3.7 2.9 2.3 1.8 1.4\ TP30 A 312
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 A 358
16.2 158 155 152 149 146 143 140 124 9.8 7.7 6.1 47 3.7 2.9 2.3 1.8 1.4 TP30 A 376
16.2 158 155 152 149 146 143 140 124 9.8 7.7 6.1 4.7 3.7 2.9 23 1.8 1.4 TP304H A376
16.2 158 155 152 149 146 143 140 124 9.8 7.7 6.1 47 3.7 2.9 2.3 1.8 1.4 TP30 A 409

16.2 158 155 152 149 146 143 140 124 9.8 7.7 6.1 4.7 3.7 2.9 23 1.8 1.4 TP304H A 312
147 144 142 141 139 137 134 131 115 8.9 6.9 5.4 4.3 3.4 2.8 23 1.9 1.6 CPF8In A 451

146 125 107 92 79 59 4.0 2.5 e e e .. .. e . e .. ... TP44 A 268
206 202 197 191 184 175 164 151 e e e . . e W e e ... TP44 A 268
267 1267 267 267 267 267 ... ... CPE2QN A 451
A 789
A790

CPCAILS A 426

A789
A790

A789
A790

A789

A790

A789
331 327 324 320 ... A 358

Plates arld Sheets

305 A 240
13.8 |13.5 131 126420 113 84 4.0 ... 405 A 240
13.7 |135 133 _1307 128 126 123 120 6.3 5.1 4.0 3.2 2.6 2.1 1.7 1.1 1.0 0.9  304L A 240
13.7 [13.5 1327129 127 124 121 118 108 10.2 8.8 6.4 47 3.5 2.5 1.8 1.3 1.0 316l A 240

X8M A 240
162 l158 155 152 149 146 143 3028! A 167
16.2 158 155 152 149 146 143 140 .o 302 A 240
16.6 162 157 151 144 123 88 6.4 4.4 2.9 1.8 1.0 A e e e e ... 4108 A 240
16.6 162 157 151 144 123 8.8 6.4 4.4 2.9 1.8 1.0 .. e e e e ... 410 A 240
16.6 162 157 151 144 120 9.2 6.5 4.5 3.2 2.4 1.8 e A e e e Lo 429 A 240
16.6 162 157 151 144 120 9.2 6.5 4.5 3.2 2.4 1.8 e .. e e e .o 430 A 240
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(10) 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.

P-No. or Min. s h ksi Min.
Spec.  S-No. UNS Temp., M Temp.
Material No. 5) Grade No. Notes °F(6) Tensile Yield to 100 200 300 400 500 600
Stainless Steel (3)(4a) (Cont’d)
Plates anr_iheeﬁ (Cont’d)
18Cr-13Ni-3Mo A240 8 317L S31703  (36) -325 75 30 20.0 20.0 20.0 189, 1.7 16.9
25Cr-20Ni A167 S-8 310 531000  (28)(35)36)(39) -325 75 30 200 20.0 20.0 20.6~ 19.3 185
25Cr-20Ni A240 8 310S 531008  (28)(35)(36) -325 75 30 20.0 20.0 20.0.2000 19.3 18.5
18Cr-10Ni-Ti A240 8 321 $32100 (30)(36) -325 75 30 200  20.0 ~20:0° 20.0 19.3] 183
20Cr-10Ni A167 S8 308 530800 (6)(26)(31)(39) -325 75 30 20.0 2000 20.0 18.6 17.5 16.6
23Cr-12Ni A167 S-8 309 530900 (12)(28)31)(35) -325 75 30 20,0 \\20.0 20.0 20.0 19.4 18.8
(36)39)
23Cr-12Ni A240 8 309S 530908  (28)(35)(36) -325 75 30 2000 20.0 20.0 20.0 19.4 18.8
18Cr-10Ni-Ch A240 8 347 S34700 (36) -425 75 30 20.0 20.0 20.0 20.0 20. 19.3
18Cr-10Ni-Ch A240 8 348 S34800 (36) -325 75 30 200 20.0 20.0 20.0 20.0 19.3
25Cr-20Ni A167 S-8 310 531000  (28)(29)(35)(36) -325 75 30 200 20.0 20.0 20.0 19.3 185
39
25Cr-20Ni A240 8 310S 531008  (28)(29)(35)(36) -325 75 30 20.0 20.0 20.0 20.0 19.3 185
18Cr-10Ni-Ti A240 8 321 532100 (28)(30)(36) -325 75 30 20.0 20.0 20.0 200 19.3 183
18Cr-10Ni-Ti A240 8 321H $32109 (36) =325 75 30 200 20.0 20.0 20.0 19.3 183
16Cr—12Ni—2l[I:0 A240 8 316 531600 (26)(28)(36) -425 75 30 20.0 20.0 20.0 193 18.0 17.0
18Cr-13Ni-3Mo A240 8 317 531700  (26)(28)(36). -325 75 30 200 20.0 20.0 19.3 18.00 17.0
18Cr-10Ni-CH Al67 8 347 e (28)(30)(36) -425 75 30 20.0 20.0 20.0 20.0 20.0 19.3
18Cr-10Ni-CH A240 8 347 S34700 (28)(36) -425 75 30 200 20.0 20.0 20.0 20.0 19.3
18Cr-10Ni-CH Al67 8 348 . (28)(30)(36) -325 75 30 20.0 20.0 20.0 20.0 20.04 19.3
18Cr-10Ni-CH A240 8 348 534800 1(28)(36) -325 75 30 200 20.0 20.0 20.0 20.0 19.3
18Cr-8Ni A240 8 304 530400  (26)(28)(36) -425 75 30 20.0 20.0 20.0 18.6 17.5 16.6
25Cr-8Ni-3Mp-W-Cu-N A 240 S-10H . 532760  (25) -60 109 80 36.3 36.3 348 340 339 339
Forgings’ljand Fittings (2)
18Cr-13Ni-3Mo A182 8 F317L $31703  (9)(21a) -325 70 25 16.7 16.7 167 157 148 14.0
< 5in. thk.
18Cr-8Ni A 182°\'8 F304L 530403  (9)(21a) -425 70 25 16.7 16.7 16.7 158 14.7 14.0
18Cr-8Ni A.403" 8 WP304L 530403  (32)(37) -425 70 25 16.7 16.7 167 158 14.7] 14.0
16Cr-12Ni-2Mo A182 8 F316L $31603  (9)(21a) -425 70 25 16.7 16.7 16.7 157 148 14.0
16Cr-12Ni-2Mo A403 8 WP316L $31603  (32)(37) -425 70 25 16.7 16.7 167 157 148 14.0
20Ni-8Cr A182 8 F10 $33100 (26)(28)(39) =325 80 30 20.0
13Cr—13Ni—3M0 A403 8 WP317L $31703  (32)(37) -325 75 30 20.0 20.0 20.0 189 17.7 169
25‘Cr—20Ni A182 8 F310 531000  (9)(21)(28)(35) -325 75 30 20.0 20.0 20.0 20.0 19.3 185
(39)
25Cr—20Ni A 403 8 WP310 531008  (28)(32)(35)(37) -325 75 30 20.0 20.0 20.0 20.0 19.3 185
. (39
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d) (10)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi (1), at Metal Temperature, °F

Spec.
650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.

Stainless Steel (3)(4a) (Cont’d)

Plates and Sheets (Cont’d)

16.5 [16.2 158 155 15.2 Lo 3170 A 240
18.2 |179 177 174 172 169 159 9.9 7.1 5.0 3.6 2.5 1.5 0.8 0.5 0.4 0.3 027310 A 167
18.2 (179 177 174 172 169 159 9.9 7.1 5.0 3.6 2.5 1.5 0.8 0.5 0.4 0.3 0.2 310S A 240
179 |175 172 169 167 165 164 162 9.6 6.9 5.0 3.6 2.6 1.7 1.1 0.8 Q.5 03 321 A 240
308 A 167

18,5 (18.2 180 17.7 175 172 169 138 103 7.6 5.5 4.0 3.0 2.2 1.7 1.3 1.0 0.8 309 A 167
185 |18.2 180 177 175 172 169 138 103 7.6 5.5 4.0 3.0 2.2 7 1.3 1.0 0.8 309S A 240
19.0 (187 185 183 182 181 181 160 121 9.1 6.1 4.4 3.3 2.2 1.5 1.2 0.9 0.8 347 A 240
19.0 (187 185 183 182 181 181 160 121 9.1 6.1 4.4 3.3 22 1.5 1.2 0.9 0.8 348 A 240
18.2 (179 177 174 172 169 167 13.8 103 7.6 5.5 4.0 30 2.2 1.7 1.3 1.0 0.8 310 A 167
18.2 (179 177 174 172 169 167 138 103 7.6 5.5 4.0; 3.0 2.2 1.7 1.3 1.0 0.8 310S A 240
17.9 (175 172 169 167 165 16.4 162 123 9.1 6.9 54 4.1 3.2 2.5 1.9 1.5 1.1 321 A 240
17.9 |175 172 169 167 16,5 164 162 123 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 321H A 240
16.6 (163 161 159 157 15.6 154 153 15.1 12.4 9.8 7.4 5.5 4.1 3.1 2.3 1.7 1.3 316 A 240
16.6 |16.3 161 159 157 156 154 153 151 124 9.8 7.4 5.5 4.1 3.1 2.3 1.7 1.3 317 A 240
19.0 (187 185 183 182 181 181 181 174 %44 105 7.9 5.9 4.4 3.2 2.5 1.8 1.3 347 A 167
19.0 |18.7 185 183 182 181 181 181 17.4).141 105 7.9 5.9 4.4 3.2 2.5 1.8 13 347 A 240
19.0 (187 185 183 182 181 181 181 74 141 10.5 7.9 5.9 4.4 3.2 2.5 1.8 1.3 348 A 167
19.0 |18.7 185 183 182 181 181 181 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 1.3 348 A 240
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 A 240
A 240

Forgings and Fittings (2)

13.7 (135 13.2 129 127 ... 317 A 182
13.7 (135 133 13000128 126 123 120 6.3 5.1 4.0 3.2 2.6 2.1 1.7 1.1 1.0 0.9 F304 A 182
13.7 (135 133 13,00 128 126 123 120 6.3 5.1 4.0 3.2 2.6 2.1 1.7 1.1 1.0 0.9  WP3q4L A 403
13.7 135 «13:2° 129 127 124 121 118 108 102 8.8 6.4 4.7 3.5 2.5 1.8 1.3 1.0 F316 A 182
13.7 [13.50-13.2 129 127 124 121 118 108 102 8.8 6.4 4.7 3.5 2.5 1.8 1.3 1.0  WP316L A 403
F10 A 182

165 162 158 155 15.2 ... WP317L A 403
182 179 177 174 172 169 159 9.9 7.1 5.0 3.6 2.5 1.5 0.8 0.5 0.4 0.3 0.2 F10 A 182

182 179 177 174 172 169 159 9.9 7.1 5.0 3.6 2.5 1.5 0.8 0.5 0.4 0.3 0.2 WP310 A 403
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(10) 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.

P-No. or Min. s h ksi Min.
Spec.  S-No. UNS Temp., M Temp.
Material No. 5) Grade No. Notes °F(6) Tensile Yield to 100 200 300 400 500 600
Stainless Steel (3)(4a) (Cont’d)
Forgings and Fittings (2) (Cont’d)
18Cr-10Ni-Ti A182 8 F321 532100 (9)(21) -325 75 30 20.0 20.0 20.0 20.0, 19,3 18.3
18Cr-10Ni-Ti A403 8 WP321 $32100 (32)(37) -325 75 30 200  20.0 20.0 2000 19.3] 183
23Cr-12Ni A403 8 WP309 530900 (28)(32)(35)(37) -325 75 30 20.0 20.0 20.0.2000 19.4 18.8
39
25Cr-20Ni A182 8 F310 531000  (9)(21)(28)(29) -325 75 30 20.0 200..-20.0 20.0 19.3 18.5
(3509
25Cr-20Ni A403 8 WP310 531008  (28)(29)(32)(35) -325 75 30 20.0 20.0 20.0 20.0 19.3 18.5
(3709
18Cr-10Ni-CH A182 8 F347 S34700  (9)(21) -425 75 30 20.0 20.0 20.0 20.0 20.04 19.3
18Cr-10Ni-CH A403 8 WP347 S34700 (32)(37) -425 75 30 200 20.0 20.0 20.0 20.0 19.3
18Cr-10Ni-CH A182 8 F348 S34800 (9)(21) -325 75 30 20.0 20.0 20.0 20.0 20.04 19.3
18Cr-10Ni-CH A403 8 WP348 S34800 (32)(37) -325 75 30 200 20.0 20.0 20.0 20.0 19.3
18Cr-10Ni-Ti A182 8 F321 532100  (9)(21)(28)(30) -325 75 30 20.0 20.0 20.0 20.0 19.3 18.3
18Cr-10Ni-Ti A182 8 F321H $32109  (9)(21) -325 75 30 200 20.0 20.0 20.0 19.3 183
18Cr-10Ni-Ti A403 8 WP321 532100 (28)(30)32)(37) -325 75 30 20.0 20.0 20.0 20.0 19.3 183
18Cr-10Ni-Ti A403 8 WP321H  S$32109 (32)(37) -325 75 30 200 20.0 20.0 20.0 19.3 183
16Cr—12Ni—21’t:0 A403 8 WP316H $31609  (26)(32)(37) -325 75 30 20.0 20.0 20.0 193 18.00 17.0
16Cr-12Ni-2Mo A182 8 F316H 531609  (9)(21)(26) -325 75 30 200 20.0 20.0 19.3 18.00 17.0
18Cr-10Ni-CH A403 8 WP347H  S34709  (32)(37) -325 75 30 200 20.0 20.0 20.0 20.0 19.3
18Cr-10Ni-CH A182 8 F347 S34700  (9)21)(28) -425 75 30 200 20.0 20.0 20.0 20.0 19.3
18Cr-10Ni-CH A403 8 WP347 S34700 (28)(32)(37) -425 75 30 20.0 20.0 20.0 20.0 20.0 19.3
18Cr-10Ni-CH A182 8 F348 $34800.\(9)(21)(28) -325 75 30 200 20.0 20.0 20.0 20.0 19.3
18Cr-10Ni-CH A403 8 WP348 $34800._)(28)(32)(37) -325 75 30 20.0 20.0 20.0 20.0 20.04 19.3
18Cr-10Ni-CH A182 8 F347H S34709  (9)(21) -325 75 30 200 20.0 20.0 20.0 20.0 19.3
18Cr-10Ni-CH A182 8 F348H S34809  (9)(21) -325 75 30 20.0 20.0 20.0 20.0 20.00 19.3
16Cr-12Ni-2Mo A182 8 F316 531600  (9)(21)(26)(28) -325 75 30 200 20.0 20.0 19.3 18.00 17.0
16Cr-12Ni-2Mo A403 8 WP316 531600 (26)(28)32)(37) -425 75 30 20.0 20.0 20.0 19.3 18.0f 17.0
18Cr-13Ni-3Mo A403 8 WP317 $31700 (26)(28)(32) -325 75 30 200 20.0 20.0 19.3 18.00 17.0
18Cr-8Ni A182 8 F304 530400  (9)(21)(26)(28) -425 75 30 20.0 20.0 20.0 18.6 17.5 16.6
18Cr-8Ni A 403 8 WP304 530400 (26)(28)32)(37) -425 75 30 20.0 20.0 20.0 18.6 17.5 16.6
18Cr-8Ni A%403./ 8 WP304H  S30409 (26)32)(37) -325 75 30 200 200 20.0 186 17.5 16.6
18Cr-8Ni AI82 8 F304H $30409  (9)(21)(26) -325 75 30 20.0 20.0 20.0 18.6 17.5 16.6
13Cr A182 6 Féa Cl. 1  S41000 (35) -20 70 40 233 233 229 225 221 21.6
13Cr A182 6 Féa Cl. 2 S41000 (35) -20 85 55 28.3 283 27.8 273 269 26.2
25Cr-8Ni-3Mp-W=Cu-N A 182 S-10H L. 532760 (25 -60 109 80 36.3 363 34.8 34.0 339 33.9
25Cr-8Ni-3Mo-W-Cu-N A 815 S-10H ... $32760  (25) -60 109 80 36.3 36.3 348 34.0 339 339
13Cr A182 S6 Féa Cl. 3 S41000 (35) -20 110 85 36.7 PN Ce. ce. ce.
13Cr—1/2M0 A182 6 Féb S41026 (35) .. 110-135 90 36.7
13Cr A182 S6 Féa Cl. 4  S41000 (35) -20 130 110 433
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d) (10)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi (1), at Metal Temperature, °F

Spec.
650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.

Stainless Steel (3)(4a) (Cont’d)
Forgings and Fittings (2) (Cont’d)

179 (175 172 169 167 165 164 16.2 9.6 6.9 5.0 3.6 2.6 1.7 1.1 0.8 0.5 0.3 \F321 A 182
17.9 175 17.2 169 167 165 164 162 9.6 6.9 5.0 3.6 2.6 1.7 1.1 0.8 0.5 0.3\ WP31 A 403

185 182 180 177 175 172 169 138 103 7.6 5.5 4.0 3.0 2.2 1.7 13 1.0 0.8"  WP3d9 A 403

182 |179 177 174 172 169 167 138 103 7.6 5.5 4.0 3.0 2.2 1.7 13 1.0 0.8 F310 A 182

182 |179 177 174 172 169 167 138 103 7.6 5.5 4.0 3.0 2.2 1.7 13 1.0 0.8 wp31o A 403

19.0 187 185 183 182 181 181 160 121 9.1 6.1 4.4 33 2.2 5 1.2 0.9 0.8 F347 A 182
19.0 187 185 183 182 181 181 160 121 9.1 6.1 4.4 3.3 2.2 1.5 1.2 0.9 0.8  WP347 A 403
19.0 187 185 183 182 181 181 160 121 9.1 6.1 4.4 33 2.2 1.5 1.2 0.9 0.8 F348 A 182

19.0 187 185 183 182 181 181 160 121 9.1 6.1 4.4 3.3 22 1.5 1.2 0.9 0.8  WP348 A 403

17.9 175 17.2 169 167 165 164 162 12.3 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 F321 A 182
17.9 175 17.2 169 167 165 164 162 123 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 F321K A 182
17.9 175 17.2 169 167 165 164 162 123 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 WPl A 403
17.9 175 17.2 169 167 165 164 162 123 9.1 6.9 54 4.1 3.2 2.5 1.9 1.5 11 WP3Z1H A 403

16.6 163 161 159 157 156 154 153 151 124 9:8 7.4 5.5 4.1 3.1 23 1.7 13  WP3J6H A 403
16.6 163 16.1 159 157 156 154 153 151 124 9.8 7.4 55 4.1 3.1 2.3 1.7 13 F316H A 182

19.0 187 185 183 182 181 181 181 174 141 "~ 105 7.9 5.9 4.4 3.2 2.5 1.8 13  WP347H A 403

19.0 187 185 183 182 181 181 181 174 41 105 7.9 5.9 4.4 3.2 2.5 1.8 13 F347 A 182
19.0 187 185 183 182 181 181 181 174\~141 105 7.9 5.9 4.4 3.2 2.5 1.8 13 WP347 A 403
19.0 187 185 183 182 181 181 181 _NA#Z 141 105 7.9 5.9 4.4 3.2 2.5 1.8 13 F348 A 182

190 187 185 183 182 181 181 181%_174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 13 WP348 A 403

19.0 187 185 183 182 181 181 . 181 174 141 105 7.9 5.9 4.4 3.2 25 1.8 13 F347H A 182
:19.0 (187 185 183 182 181 181°\M81 174 141 105 7.9 5.9 4.4 3.2 2.5 1.8 13 F348K A 182

166 |163 161 159 157 156 454 153 151 124 9.8 7.4 55 4.1 3.1 23 17 13 F316 A 182
- 16.6 [163 161 159 157 156 ) 154 153 151 124 9.8 7.4 55 4.1 3.1 2.3 17 1.3 WP316 A 403
~16.6 163 161 159 157 156 154 153 151 124 9.8 7.4 55 4.1 3.1 23 1.7 13 WP31y A 403

16.2 158 155 152 149\V14.6 143 140 124 9.8 7.7 6.1 4.7 3.7 2.9 2.3 1.8 1.4 F304 A 182
162 [15.8 155 152449 146 143 140 124 9.8 7.7 6.1 47 3.7 2.9 23 1.8 1.4 WP3(Q4 A 403

16.2 158 155 152/ 149 146 143 140 124 9.8 7.7 6.1 4.7 3.7 29 2.3 1.8 1.4 WP3QJ4H A 403
16.2 158 155,52 149 146 143 140 124 9.8 7.7 6.1 4.7 3.7 2.9 2.3 1.8 1.4 F304H A 182

21.2 1206 200" 19.2 172 123 88 6.4 ... Fad.1  A182
257 |2517.243 233 172 123 88 6.4 4.4 2.9 1.8 1.0 ... Fead.2 A182
A 182

A 815

FéaCl.3 A182

Féb A 182

FéaCl. 4 A182
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(10) 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.

P-No. or Min. s h ksi Min.
Spec.  S-No. UNS Temp., M Temp.
Material No. 5) Grade No. Notes °F(6) Tensile Yield to 100 200 300 400 500 600
Stainless Steel (3)(4a) (Cont’d)
Bar
18Cr-8Ni A479 8 304 $30400 (26)(28)(31) -425 75 30 20.0 20.0 20.0 18.6 ) 125 16.6
18Cr-8Ni A479 8 304H 530409 (26)(31) -325 75 30 20.0 20.0 20.0 18(7- 17.5 16.4
18Cr-8Ni A479 8 304L $30403 (31) -425 70 25 16.7 16.7 16.7 158 144 14.0
16Cr-12Ni-2Mo A479 8 316 531600 (26)(28)(31) -325 75 30 200 20.0 20.0°419.3 17.9 17.0
16Cr-12Ni-2Mo A479 8 316H 531609  (26)(31) -325 75 30 20.0 20.0 _20.0* 193 179 17.0
16Cr-12Ni-2Mo A479 8 316L $31603  (31) -425 70 25 16.7 164 ' 16.7 155 144 13.5
Castings|(2)
28Ni-20Cr-2Mo-3Ch A351 45 CN7M 95150  (9)(30) -325 62 25 167
35Ni-15Cr-Mp A351 S-45 HT30 N08603  (36)(39) -325 65 28 8.7 e .. .. .
25Cr-13Ni A351 8 CH8 193400  (9)(31) -325 65 28 18.7 187 185 180 17.4 17.1
25Cr-20Ni A351 8 (k20 194202 (9)(27)(31)(35)(39) -325 65 28 18.7 18.7 185 180 17.4 171
15Cr-15Ni-2Mo-Ch A351 S8 CF1o0MC . (30) -325 70 30 20.0 e e A ce. A
18Cr-8Ni A351 8 CF3 192500  (9) -425 70 30 20.0 20.0 20.0 18.6 17.5 16.6
17Cr-10Ni-2Mo A351 8 CF3M 192800  (9) -425 70 30 20.0 20.0 20.0 19.2 179 17.0
18Cr-8Ni A351 8 CF8 192600  (9)(26)(27)(31) -425 70 30 20.0 20.0 20.0 18.6 17.5 16.6
25Cr-13Ni A351 S8 CH10 193401 (27)(31)(35) =325 70 30 200 20.0 20.0 20.0 20.00 20.0
25Cr-13Ni A351 8 CH20 193402 (9)(27)(31)(35)(39) -325 70 30 200 20.0 20.0 20.0 20.00 20.0
20Cr-10Ni-CH A351 8 CF8C 192710 (9)27)30) -325 70 30 200 20.0 20.0 20.0 20.00 20.0
18Cr-10Ni-2Mo A351 8 CF8M 192900  (9)(26)(27)(30) -425 70 30 20.0 20.0 20.0 18.6 17.5 16.6
25Cr-20Ni A351 S8 HK40 194204 (35)(36)(39) -325 62 35 20.7
25Cr-20Ni A351 8 HK30 194203 J85)(39) -325 65 35 21.7
18Cr-8Ni A351 8 CF3A 192500 (9)(56) -425 77 35 233 233 227 217 204 193
18Cr-8Ni A351 8 CF8A 192600  (9)(26)(56) -425 77 35 23.3 233 227 217 204 193
25Cr-10Ni-N A351 8 CE20N 192802  (35)(39) -325 80 40 26.7 26.7 267 26.7 267 26.7
12Cr A217 6 @A15 191150  (35) -20 90 65 30.0 300 29.4 289 28.4 27.7
24Cr-10Ni-Mp-N A351 10H CESMN ce. ) -60 95 65 317 31,6 293 282 282 282
25Cr-8Ni-3Mp-W-Cu-N A 351 S-10H CD3M- e 9)(25) -60 100 65 33.3 33.2 314 303 29.8 29.6
WCuN
13Cr-4Ni A 48786 CA6NM 191540  (9)(35) -20 110 80 36.7 36.7 359 353 348 33.9
ClLA
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d) (10)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi (1), at Metal Temperature, °F

Spec.
650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.

Stainless Steel (3)(4a) (Cont’d)

Bar
16.2 (158 15,5 152 149 146 143 140 124 9.8 7.7 6.1 4.7 3.7 2.9 2.3 1.8 1.4 304 A 479
16.2 |16.0 156 152 149 146 144 138 122 9.7 7.7 6.0 4.7 3.7 2.9 2.3 1.8 1.4\ 304H A 479
13.7 (135 133 13.0 128 11.9 9.9 7.8 6.3 5.1 4.0 3.2 2.6 2.1 1.7 1.1 1.0 0.9, 304L A 479
16.7 |16.3 161 159 157 155 154 153 145 124 9.8 7.4 5.5 4.1 3.1 2.3 1.7 1.3 316 A 479
16.7 |16.3 161 159 157 155 154 153 14.5 12.4 9.8 7.4 5.5 4.1 3.1 2.3 1.7 1.3 316H A 479
13.2 (129 12,6 124 121 118 115 112 108 10.2 8.8 6.4 4.7 3.5 2.5 1.8 1.3 1.0  316L A 479

Captings (2)

CN7 A 351
16.7 163 159 154 149 144 139 111 8.5 6.5 5.0 3.8 2.9 2.3 1.8 1.3 0.9 0.8 CH8 A 351
16.7 163 159 154 149 144 139 113 9.8 8.5 7.3 6.0 4.8 3.5 2.4 1.6 1.1 0.8 (K20 A 351
... CF1omc A 351
16.2 158 155 152 ... ... ... ... (R A 351
16.6 (163 16.0 158 157 ... (F3 A 351
16.2 158 155 152 149 146 143 122 9.5 7.5 6.0 48 3.9 3.3 2.7 2.3 2.0 1.7 CF8 A 351
200 |20.0 200 200 200 200 200 111 8.5 6.5 5.0 3.8 2.9 2.3 1.8 1.3 0.9 0.8 CH10 A 351
200 200 200 200 200 200 200 111 8.5 6.5 50 3.8 2.9 2.3 1.8 1.3 0.9 0.8 CH20 A 351
16.2 158 155 152 149 146 143 140 121 9 6.1 4.4 3.3 2.2 1.5 1.2 0.9 0.8 (R A 351
HK40 A 351
HK30 A 351
189 185 ... ... Lo o L ... CF3A A 351
18.9 [18.5 ... CF8A A 351
267 |26.7 267 267 267 267 ... CE20 A 351
27.2 (265 175 16.8 149 110 7.6 5.0 3.3 2.3 1.5 1.0 ... CA15 A 217
CESMN A 351
CD3M- A 351
WQUN
33.3 324 ... CA6N A 487
CLA
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

P-No. or Min. Specifie: h:‘(m
S-No. UNS Size Temp,, _>trength, ksi
Material Spec. No. (5)(46) No. Temper Range, in. Notes °F(6) Tensile Yield
Copper and Copper Alloy
Pipes and Tubes )
Cu pipe B 42 31 C10200, C12000, 061 -452 30 9
C12200
Cu tube B 75 31 C10200, C12000, 050, 060 -452 30 9
C12200
Cu tube B 68 S-31 C12200 050, 060 (24) —452 30 9
Cu tube B 88 S-31 C12200 050, 060 (24) —452 30 9
Cu tube B 280 S-31 C12200 060 (24) ~452 30 9
Red brass gipe B 43 32 C23000 061 —452 40 12
90Cu—10Ni B 467 34 C70600 WO050, WO61 > 4.5 0.0 (@4) -452 38 13
90Cu—10Ni B 466 34 C70600 Annealed .. (14) -452 38 13
90Cu—10Ni B 467 34 C70600 WO050, WO61 <4.50.D. (14) -452 40 15
70Cu—30Ni B 467 34 C71500 WO050, WO61 >4.5)0.D. (14) -452 45 15
80Cu—20Ni B 466 34 C71000 Annealed <45 0.D. (14) —452 45 16
Cu pipe B 42 31 C10200, C12000, H55 NPS 2%, (14)(34) -452 36 30
C12200 thru 12
Cu tube B 75 31 C10200, C12000, H58 (14)(34) —452 36 30
C12200
Cu tube B 88 S-31 C12200 H58 14)(24) —452 36 30
(34)
70Cu—30Ni B 466 34 C71500 060 A (14) — 452 52 18
70Cu—30Ni B 467 34 C71500 WO050, WO61 <4.50.D. (14) —452 50 20
Cu pipe B 42 31 €10200, €12000, H80 NPS % (14)34) 452 45 40
C12200 thru 2
Cu tube B 75 31 €10200, C12000, H80 (14)(34) -452 45 40
C12200
Plates arld Sheets
Cu B 152 31 C10200, C10400, 025 14)(24) —452 30 10
C10500, C10700,
C12200, C12300
90Cu—10Ni Bx171 34 C70600 - <2.5thk. (14) —452 40 15
Cu-Si B 96 33 C65500 061 Ce c. -452 52 18
70Cu—30Ni B 171 34 C71500 A <2.5thk. (14) —452 50 20
Al-bronze B 169 35 C61400 025, 060 < 2.0 thk. (13) -452 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 (1), at Metal Temperature, °F

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 C10200, C1200Q0s B 42
C12200
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 C10200, C12000, B 75
C12200
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 C12200 B 68
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 612200 B 88
6.0 5.1 4.9 4.8 4.7 4.0 3.0 2.3 1.7 €12200 B 280
8.0 7.9 7.9 7.9 7.9 7.0 5.0 2.0 C23000 B 43
8.7 8.4 8.2 8.0 7.8 7.7 7.5 7.4 7.3 7.0 6.0 C70600 B 467
8.7 8.4 8.2 8.0 7.8 7.7 7.5 7.4 7.3 7.0 6.0 C70600 B 466
10.0 9.7 9.5 9.3 9.1 8.9 8.7 8.5 8.0 7.0 6.0 R ... (C70600 B 467
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 B 467
10.7 10.6 10.5 10.4 10.2 10.1 9.9 9.6 9.3 8.9 8¢ 7.7 7.0 C71000 B 466
12.0 11.6 10.9 104 10.0 9.8 9.5 C10200, C12000, B 42
C12200
12.0 11.6 10.9 104 10.0 9.8 9.5 €10200, C12000, B 75
C12200
12.0 11.6 10.9 10.4 10.0 9.8 9.5 C12200 B 88
12.0 11.6 11.3 11.0 10.8 10.6 10.3 1011 9.9 9.8 9.6 9.5 9.4 C71500 B 466
13.3 129 12,6 123 12,0 117 11.5(,11.2 11.0 10.8 10.7 10.5 10.4 C71500 B 467
15.0 14,5 13.6 13.0 12.6 12.2 473 C10200, C12000, B 42
C12200
15.0 14.5 13.6 13.0 12.6 A22 4.3 C10200, C12000, B 75
C12200
Plates arld Sheets
6.7 5.7 5.4 53 5.0 4.0 3.0 2.3 1.7 C10200, C10400, B 152
C10500, C10700,
C12200, C12300
10.0 9.7 9.5 9.3 9.1 8.9 8.7 8.5 8.0 7.0 6.0 C70600 B 171
12.0 11.9511.9  11.7 11.6 10.0 C65500 B 96
13.3 12894\ 12.6 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.7 10.5 10.4 C71500 B 171
20.0 19.9 19.8 19.7 19.5 19.4 19.2 19.0 18.8 C61400 B 169
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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

P-No. or Min. Sspecifie(}i‘ '\:l('"
S-No. UNS size Temp., _>uensth, ksi
Material Spec. No. (5)(46) No. Temper Range, in. Notes °F (6) Tensile  Yield
Copper and Copper Alloy (Cont’d)
Forgings
Cu B 283 S-31 C11000 (14) -452 33 11
High Si—brqnze (A) B 283 S-33 C65500 (14) —452 52 18
Forging braps B 283 a C37700 (14) -325 58 23
Leaded naval brass B 283 a C48500 (14) -325 62 24
Naval brasg B 283 S-32 C46400 (14) —425 64 26
Mn-bronze| (A) B 283 S-32 C67500 (14) <325 72 34
Castings |(2)
Compositioh bronze B 62 a 83600 9 -325 30 14
Leaded Ni—pronze B 584 a C97300 -325 30 15
Leaded Ni—pronze B 584 a C97600 -325 40 17
Leaded Sn+tbronze B 584 a C92300 -325 36 16
Leaded Sn+tbronze B 584 a €92200 C -325 34 16
Steam bronfze B 61 a €92200 (O] -325 34 16
Sn-bronze B 584 b C90300 -325 40 18
Sn—bronze B 584 b C90500 -325 40 18
Leaded Mntbronze B 584 a C86400 ()] -325 60 20
Leaded Ni-pronze B 584 a C97800 -325 50 22
No. 1 Mn-lyronze B 584 b C86500 -325 65 25
Al-bronze B 148 S-35 C95200 ©) —425 65 25
Al-bronze B 148 S-35 C95300 ©9) -425 65 25
Si—Al-bronge B 148 S-35 C95600 .. -325 60 28
Al-bronze B 148 S-35 C95400 -325 75 30
Mn—-bronze| B 584 a C86700 -325 80 32
Al-bronze B 148 S-35 C95500 —452 90 40
High strength B 584 b €86200 -325 90 45
Mn-bronge
High strength B 584 b C86300 -325 110 60
Mn-bronge
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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 (1), at Metal Temperature, °F

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)

Forgings
7.3 6.2 6.0 5.8 5.0 4.0 3.0 2.3 1.7 C11000 B 283
12.0 11.9 119 11.7 11.6 10.0 6.7 C65500 B 283
15.3 14.5 13.9 13.3 10.5 7.5 2.0 C37700 B 283
16.0 16.0 16.0 16.0 16.0 16.0 16.0 C48500 B 283
17.3 17.3 17.3 17.3 17.1 6.3 2.5 C46400 B 283
22.7 22.7 227 22.7  22.7 227 22.7 C67500 B 283
Captings (2)

9.3 9.3 9.2 8.6 8.1 7.7 7.4 7.3 C83600 B 62
10.0 . A A R C97300 B 584
11.3 10.1 9.5 9.1 8.7 e - C97600 B 584
10.7 10.7 10.7 10.7 10.7 10.7 10.7 €92300 B 584
10.7 9.6 9.5 9.4 9.2 8.9 8.6 A - - €92200 B 584

10.7 9.6 9.5 9.4 9.2 8.9 8.6 8.4 8.3 8.3 €92200 B 61
12.0 12.0 12.0 12.0 12.0 12.0 12.0 C90300 B 584
12.0 12.0 12.0 12.0 12.0 12.0 12.0 C90500 B 584
13.3 13.3 133 133 133 133 C86400 B 584
14.7 14.7 14.7 147 14.7 147 C97800 B 584
16.7 16.7 16.7 16.7 16.7 16.7 C86500 B 584
16.7 15.7 15.2 14.8 14.5 14.3 14.2 4.1 14.1 11.7 7.4 C95200 B 148
16.7 16.7 16.7 16.7 16.7 16.7 168A~16.7 16.7 16.7 16.7 €95300 B 148
18.7 o C95600 B 148
20.0 19.0 18.7 185 185 18.5 " 185 16.0 13.9 €95400 B 148
21.3 21.3 21.3 21.3 21.3 21)3 - A C86700 B 584
26.7 26.7 26.7 26.7 26.7\_ )26.7 26.7 26.7 26.7 €95500 B 148
30.0 30.0 30.0 30.0 30.0¢ 30.0 €86200 B 584
36.7 36.7 367 364 \36.7 367 C86300 B 584
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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

Min.
Size Min. Specified Mh}' Temp.
Spec. P-No.  UNS Range, Temp., S"Lth'ks' to
Material No. ) No. Class in. Notes  °F(6) Tensile Yield 100 200 300 400 500 600 650 700 750
Nickel and Nickel Alloy (4a)
Pipes and Tubes (2)
Low C-Ni B 161 41 N02201 Annealed >50.D. -325 50 10 6.7 64 63 63 63 63 6.2)\64 6.1
Low C-Ni B725 41 N02201 Annealed >50.D. -325 50 10 6.7 64 63 63 63 63 62 ‘64 6.1
Ni B 161 41 N02200 Annealed >50.D. -325 55 12 8.0 80 80 80 80 8.0
Ni B725 41 N02200 Annealed >50.D. -325 55 12 8.0 80 80 80 80 80y... ...l ...
Low C-Ni B161 41 N02201 Annealed <50.D. -325 50 12 8.0 77 75 75 75 N\5 75 74 73
Low C-Ni B725 41 N02201 Annealed <50.D. -325 50 12 8.0 77 75 715 A5 075 75 7.4 7.3
Ni B161 41 N02200 Annealed <50.D. -325 55 15 10.0 10.0 10.0 10.0, 10,0 10.0
Ni B725 41 N02200 Annealed <50.D. -325 55 15 10.0 10.0 10.0 10.0<.10.0 10.0
Ni-Cu B 165 42 N04400 Annealed >50.D. -325 70 25 16.7 146 13.4 132 13.1 13.1 131 13.4 129
Ni-Cu B725 42 N04400 Annealed >50.D. -325 70 25 16.7 146 1836257132 131 131 131 13.4 129
Ni-Fe-Cr B 407 45 N08800 H.F. or -325 65 25 16.7 16.7%16)7 16.7 16.7 16.7 16.7 16.1 16.7
H.F. ann.
Ni-Cr-Fe B167 43 N06600 H.F. or >50.D. -325 75 25 16.7~46.7 16.7 16.7 16.7 167 16.7 16.1 16.7
H.F. ann.
Ni-Fe-Cr B 407 45 N08810 C.D. sol. (62) -325 65 25 167 167 167 16.7 167 165 16.1 154 15.3
ann. or
H.F. ann.
Ni-Fe-Cr B 514 45 N08810 Annealed (62) -325 65 25 16.7 167 167 16.7 167 16,5 16.1 154 15.3
Ni-Fe-Cr B 407 45 N08811 C.D. sol. (62) -325 65 25 16.7 167 167 16.7 167 165 16.1 154 15.3
ann. or
H.F. ann.
Ni-Fe-Cr B 408 45 N08800 H.F. -325 75 30 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.4 20.0
Ni-Fe-Cr B 408 45 N08810 Sol. tr. =325 65 25 16.7 167 16.7 16.7 167 165 16.1 154 15.3
or ann.
Ni-Fe-Cr B 408 45 N08811 Sol. tr. -325 65 25 16.7 167 167 16.7 167 165 16.1 154 15.3
or ann.
Ni-Cu B 165 42 N04400 Annealed <5.0.D. -325 70 28 18.7 16.4 152 147 147 147 147 144 145
Ni-Cu B725 42 N04400  Annealed <5.0D. -325 70 28 18.7 16.4 152 147 147 147 147 144 145
Ni-Fe-Cr-Mo| B 619 45 N08320 Sol. ann. -325 75 28 18.7 187 187 187 187 186 182 1784 17.5
Ni-Fe-Cr-Mo| B 622 45 N08320  Sol. ann. -325 75 28 18.7 187 187 187 187 186 182 17§ 17.5
Low C-Ni B161 41 N02201  Str. rell -325 60 30 20.0 20.0 19.8 19.8 19.7 19.0
Low C-Ni B725 41 N02201  Stf. Tel: -325 60 30 200 20.0 19.8 198 19.7 19.0 ... ...| ...
Ni-Fe-Cr B 514 45 N08800< Annealed .. -325 75 30 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.q 20.0
Ni-Cr-Fe B167 43 N06600,\ H.F. or <50.D. -325 80 30 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.q 20.0
H.F. ann.
Ni-Cr-Fe B167 43 N@6600  C.D. ann. >50.D. -325 80 30 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.q 20.0
Ni-Fe-Cr B 407 45 N08800 C.D. ann. (61) -325 75 30 200 20.0 20.0 20.0 20.0 20.0 20.0 20.4 20.0
Ni B 161 ©\ 41 N02200  Str. rel. -325 65 40 21,7 217 216 21.6 21.4 20.6
Ni B 725,441 N02200  Str. rel. -325 65 40 217 217 216 216 214 206 ... ... ...
Cr-Ni-Fe-Mot ¢B.464 45 N08020 Annealed -325 80 35 233 233 233 233 233 233 233 2339 232
Cu-Ch
Cr-Ni-Fe-Mo- B 729 45 N08020 Annealed -325 80 35 233 233 233 233 233 233 233 233 232
Cu-Ch
Ni-Cr-Fe-Mo-Cu B 423 45 N08825 C.D. ann. -325 85 35 233 233 233 233 233 233 233 233 232
Ni-Cr-Fe-Mo-Cu B 705 45 NO8825 ... -325 85 35 233 233 233 233 233 233 233 233 232
Ni-Cr-Fe-Mo-Cu B 619 45 N06007  Sol. ann. -325 90 35 233 233 233 233 233 227 224 222 220
Ni-Cr-Fe-Mo-Cu B 622 45 N06007  Sol. ann. e -325 90 35 233 233 233 233 233 227 224 222 22.0
Ni-Cr-Fe B 167 43 N06600 C.D. ann. <50.D. -325 80 35 233 233 233 233 233 233 233 233 233
Ni-Cr-Fe B517 43 N06600 C.D. ann. -325 80 35 233 233 233 233 233 233 233 233 233
Ni-Mo-Cr B619 43 N06455  Sol. ann. -325 100 40 26.7 267 26.7 26.7 26.7 267 26.7 26.5 262
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d) (10)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi (1), at Metal Temperature, °F

UNS Spec.
800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 No. No.

Nickel and Nickel Alloy (4a)
Pipes and Tubes )

6.0 58 45 3.7 3.0 2.4 2.0 15 1.2 NO3201 B 161
6.0 58 45 3.7 3.0 2.4 2.0 15 1.2 . N03201 B 725
N03200 B 161
N03200 B 725
7.2 58 45 3.7 3.0 2.4 2.0 15 1.2 N03201 B 161
7.2 58 45 3.7 3.0 2.4 2.0 15 1.2 N03201 B 725
N03200 B 161
N03200 B 725

127 |]11.0 80 ... N04400 B 165
127 |11.0 80 ... N04400 B 725
16.7 |16.7 167 167 166 163 13.0 9.8 6.6 4.2 2.0 1.6 1.1 1.0 0.8 NO§800 B 407

16.7 |16.7 16.0 10.6 7.0 4.5 3.0 2220 N04600 B 167

150 |14.7 145 142 140 138 116 93 7.4 5.9 4.7 3.8 3.0 2.4 1.9 1.5 1.2 1.0 NO§810 B 407

150 |14.7 145 142 140 138 116 93 74 5.9 4.7 38 3.0 2.4 1.9 1.5 1.2 1.0 NO0§810 B 514
15.0 |14.7 145 142 140 137 129 104 83 6.7 5.4 43 3.4 2.7 2.2 1.7 1.4 1.1 NOg§811 B 407

200 20.0 200 200 19.9 17.0 13.0 98 6.6 4.2 2.0 1.6 11 1.0 0.8 NO§800 B 408
15.0 |147 145 142 140 137 129 104 83 67 5.4 43 3.4 2.7 2.2 1.7 1.4 1.1 NO§810 B 408

15.0 147 145 142 140 137 129 10.4 83 6.7 5.4 43 3.4 2.7 2.2 1.7 1.4 1.1 NO§811 B 408

143 J11.0 80 ... N04400 B 165
143 11.0 80 ... N04400 B 725
17.2 ... NO§320 B 619
172 ... N0§320 B 622
N03201 B 161
N03201 B 725
20.0 200 200 200 19.9° \17.0 13.0 98 6.6 4.2 2.0 1.6 11 1.0 0.8 NO§800 B 514
20.0 |20.0 16.0 10.6 7.0 4.5 3.0 22 20 N0g600 B 167

20.0 |20.0 160 10.6 7.0 4.5 3.0 22 20 N04600 B 167

20.0 |20.0 20.00 N20.0 19.9 17.0 13.0 9.8 6.6 4.2 2.0 1.6 1.1 1.0 0.8 NO§800 B 407
N03200 B 161
N03200 B 725
22.7 | N0§020 B 464

22.7 ... oo N08020 B 729

230 229 228 226 223 ... N08825 B 423
230 229 228 226 223 ... NO08825 B 705
218 217 200 195 189 ... N06007 B 619
218 ... N06007 B 622
233 233 160 106 7.0 4.5 3.0 22 20 ... N06600 B 167
233 233 160 10.6 7.0 4.5 3.0 2.2 20 ... N06600 B 517
258 ... N06455 B 619
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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.

Min. . Min.
Spec.  P-No. Size Temp., M Temp.
Material No. (5) UNS No. Class Range, in. Notes °F(6) Tensile Yield to 100 200 300 400 500 600 650 700
Nickel and Nickel Alloy (4a) (Cont’d)
Pipes andTubes (2) (Cont’d)
Ni—Cr-Mo—Fe B 619 43 N06002 Sol. ann. -325 100 40 26.7 26.7 26.7 26.7 25.5 242\23.7 23.3
Ni—Cr—Mo—Fe| B 622 43 N06002 Sol. ann. -325 100 40 26.7 26.7 26.7 26.7 25.5 (242" 23.7 23.3
Low C-Ni-Fe-Cy-Mo-Cu B 619 45 N08031 Annealed -325 94 40 26.7 26.7 26.7 24.7 233 22.2 21.7 111
Low C-Ni-Fe-Cf-Mo-Cu B 622 45 N08031 Annealed -325 94 40 26.7 26.7 26.7 24.7 233 22.2 21.7 11.1
Ni—-Mo-Cr B 622 43 N06455 Sol. ann. -325 100 40 26.7 26.7 26.7 264 _26.7 26.7 24.7 26.5
Ni-Mo-Cr B 619 43 N10276 Sol. ann. -325 100 41 273 273 27.34273 26.9 25.2 24.6 24.0
Ni—-Mo-Cr B 622 43 N10276 Sol. ann. -325 100 41 273 27.3€27.3 27.3 26.9 25.2 24.6 24.0
Ni—Cu B 165 42 N04400 Str. rel. (54) -325 85 55 28.3 £283728.3 283 283
Ni—-Cu B 725 42 N04400 Str. rel. . (54) -325 85 55  28.3-,28.3 28.3 283 283 ... .| ...
Fe—Ni—Cr-Mop-Cu-N B 675 45 N08367  Annealed > 3/16 -325 95 45  30.0% 30.0 29.9 28.6 27.7 26.2 2%.6 25.1
Fe-Ni-Cr-Mof-Cu-N B 690 45 N08367  Annealed >3/16 -325 95 45 (30.0 30.0 29.9 28.6 27.7 26.2 2%.6 25.1
Fe—Ni—Cr-Moj-Cu-N B 804 45 N08367  Annealed >3/16 -325 95 45  30.0 30.0 29.9 28.6 27.7 26.2 2%.6 25.1
Fe—Ni-Cr-Mo}-Cu-N B 675 45 N08367  Annealed 53/15 -325 100 45 30.0 30.0 30.0 29.6 27.7 26.2 2%.6 25.1
Fe—Ni—Cr-Mof-Cu-N B 690 45 N08367  Annealed S3/16 -325 100 45  30.0 30.0 30.0 29.6 27.7 26.2 24.6 25.1
Fe—Ni-Cr-Mof-Cu-N B 804 45 N08367  Annealed 33/16 -325 100 45  30.0 30.0 29.9 28.6 27.7 26.2 2%.6 25.1
Ni-Cr-Mo B 619 43 N06022 Sol. ann. . -325 100 45 30.0 30.0 30.0 30.0 29.0 27.6 2%.0 26.5
Ni—Cr—-Mo B 622 43 N06022 Sol. ann. —325 100 45 30.0 30.0 30.0 30.0 29.0 27.6 2%.0 26.5
Ni—-Cr-Mo B 619 43 N06035 Sol. ann. <325 85 35 23.3 233 23.3 22.2 20.6 19.7 19.4 19.2
Ni-Cr-Mo B 622 43 N06035 Sol. ann. -325 85 35 23.3 23.3 23.3 22.2 20.6 19.7 19.4 19.2
Ni-Cr-Mo B 626 43 N06035 Sol. ann. -325 85 35 23.3 233 23.3 22.2 20.6 19.7 19.4 19.2
Low C-Ni-CrtMo B 619 43 N06059 Sol. ann. -325 100 45 30.0 30.0 30.0 30.0 29.7 28.2 21.5 26.8
Low C-Ni-CrtMo B 622 43 N06059 Sol. ann. e -325 100 45  30.0 30.0 30.0 30.0 29.7 28.2 21%.5 26.8
Low C-Ni-CrtMo B 619 43 N06200 Sol. ann. All -325 100 45  30.0 30.0 30.0 30.0 28.6 26.9 24.2 25.7
Low C-Ni-CrtMo B 622 43 N06200 Sol. ann. All -325 100 45  30.0 30.0 30.0 30.0 28.6 26.9 24.2 25.7
Low C-Ni-Cr{Mo B 626 43 N06200 Sol. ann. All -325 100 45  30.0 30.0 30.0 30.0 28.6 26.9 24.2 25.7
Ni-Mo B 619 44 N10001 Sol. ann. -325 100 45  30.0 30.0 30.0 30.0 30.0 30.0 3Q.0 30.0
Ni-Mo B 622 44 N10001 Sol. ann. -325 100 45 30.0 30.0 30.0 30.0 30.0 30.0 3Q.0 30.0
Ni-Mo B 619 44 N10665 Sol¢ ahn: -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0
Ni-Mo B 622 44 N10665 Solq ann. -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0
Ni-Mo B 619 44 N10675 Sol. ann. -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0
Ni-Mo B 622 44 N10675 Sol. ann. -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0
Ni-Mo B 626 44 N1T0675 Sol. ann. . -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0
Ni—Cr—Mo-CH B 444 43 N06625 Annealed (64)(70) -325 120 60 40.0 40.0 39.6 39.2 38.6 37.8 31§.4 37.0
Plates arld Sheets
Low C-Ni B 16241 N02201 H.R. -325 50 12 8.0 77 75 75 75 75 7p 7.4
plt. ann.
Low C-Ni B¥162 41 N02201 H.R. plt. -325 50 12 8.0 77 75 75 75 75 7p 7.4
as R.
Ni B162 41 N02200 H.R. =325 55 15 10.0 10.0 10.0 10.0 10.0 10.0
plt. ann.
Ni B 162 41 N02200 H.R. plt. -325 55 20 13.3 13.3 13.3 13.3 13.3 133
as R.
Ni—Fe-Cr B 409 45 N08810  Annealed All -325 65 25 16.7 16.7 16.7 16.7 16.7 16.6 16.2 15.8
B 409 45 N08811 Annealed All -325 65 25 16.7 16.7 16.7 16.7 16.7 16.5 16.1 15.7

Ni-Fe—Cr
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d) (10)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi (1), at Metal Temperature, °F

Spec.
750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 UNS No. No.

Nickel and Nickel Alloy (4a) (Cont’d)
Pipes and Tubes (2) (Cont’d)

229 P27 225 196 19.5 193 19.3 175 141 113 9.3 7.7 6.1 4.8 3.8 3.0 NOGO!
229 P27 225 196 19.5 193 193 175 141 113 9.3 7.7 6.1 4.8 3.8 3.0 NO60
261 p58 ... ... ... NO64
235 P31 ... ... ... N102

N

B 619
B 622
B 619
B 622
B 622
B 619

RG]

23,5 P3.1 228 226 224 223 185 150 122 9.8 7.8 s S s Lo A </ . S N102

(=)}

B 622

NO44
24.7 P43 239 236 ... N083
247 P43 239 236 ... NO83
24.7 P43 239 236 ... N083
24.7 R43 239 236 ... NO83
24.7 P43 239 236 ... N083
247 pR43 ... ... ... NO83
261 P57 ... ... ... N060
26,1 P57 ... ... ... N060
19.0 pA88 ... ... ... N060
19.0 pA88 ... ... ... N060
19.0 pA88 ... ... ... N060
26.1 p55 ... ... ... N060
26.1 P55 ... ... ... N060
254 P52 ... ... ... N062
25.4 P52 ... ... ... N062
25.4 P52 ... ... ... N062
300 p99 ... ... ... N100
300 p99 ... ... ... N100
340 PB40 ... ... ... N106
340 Pp40 ... ... ... N106
339 B35 ... ... ... N106
339 B35 ... ... L. N106
339 B35 ... ... ... N106
36.6 P6.3 36.1 358 354\\31.2 31.2 231 210 132 ... N066

B 165
B 725
B 675
B 690
B 804
B 675
B 690
B 804
B 619
B 622
B 619
B 622
B 626
B 619
B 622
B 619
B 622
B 626
B 619
B 622
B 619
B 622
B 619
B 622
B 626
B 444

Vil vt ittt P PO O O WV VUL NN NN NN N N OO

Plates arld Sheets

7.4 |72 58,45 37 3.0 2.4 2.0 1.5 1.2 ... N02201 B 162

74 72,58 45 3.7 3.0 2.4 2.0 1.5 1.2 ... N02201 B 162

N02200 B 162

N02200 B 162

155 151 149 146 143 140 13.8 11.6 9.3 7.4 59 4.7 3.8 3.0 2.4 1.9 1.5 1.2 1.0 N08810 B 409
153 15.0 14.7 145 142 140 13.7 129 10.4 83 6.7 5.4 4.3 3.4 2.7 2.2 1.7 1.4 1.1 N08811 B 409
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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.

Min. " Min.
Spec.  P-No. Size Range, Temp., S"Lth’ks' Temp.
Material No. (5) UNS No. Class in. Notes °F(6) Tensile Yield to 100 200 300 400 500 600 650 700
Nickel and Nickel Alloy (4a) (Cont’d)
Plates and Sheets (Cont’d)
Ni-Fe-Cr-Mo B 620 45 N08320 Sol. ann. All -325 75 28 18.7 18.7 18.7 18.7 18.7 186\18.2 17.8
Ni—Cu B 127 42 N04400 H.R. -325 70 28 18.7 16.4 152 147 14.7 (147" 14.7 14.6
plt. ann.
Ni—Cr-Fe—Mof-Cu B 582 45 N06007 Sol. ann. > 3/4 -325 85 30 20.0 20.0 20.0 20.0 "2050 19.5 19.2 19.0
Ni—-Fe-Cr B 409 45 N08800 Annealed All -325 75 30 20.0 20.0 20.0 20:0, 20.0 20.0 2¢.0 20.0
Ni—Cr-Fe—Mof-Cu B 424 45 N08825 Annealed .. -325 85 35 23.3 233 233233 23.3 23.3 23.3 23.3
Cr—Ni-Fe—Mof-Cu—Cb B 463 45 N08020 Annealed All -325 80 35 233 233 23.3\233 233 23.3 23.3 23.3
Ni—Cr-Fe—Mof-Cu B 582 45 N06007 Sol. ann. < 3/4 -325 90 35 23.3 23.3.'2373 23.3 23.3 22.7 23.4 22.2
Ni—Cr-Fe—-Mo B 435 43 N06002 H.R. sol. ann. All -325 95 35 23.3 ,233%23.3 23.3 22.3 21.2 2Q.7 20.3
Ni—Cr-Fe B 168 43 N06600 H.R. plt. ann. -325 80 35  23.3,/723.3 23.3 23.3 23.3 23.3 23.3 23.3
Ni—-Cr—Fe B 168 43 N06600 H.R. plt. -325 85 35 233 233 233 233 233 23.3 23.3 23.3
as R.
Ni—-Cu B 127 42 N04400 H.R. plt. -325 75 40 25.0 25.0 24.7 23.9 23.4 23.1 229 22.7
as R.
Low C-Ni-FetCr— B 625 45 N08031 Annealed All -325 94 40 267 26.7 26.7 24.7 23.3 22.2 21.7 21.3
Mo-Cu
Low C-Ni-Md-Cr B 575 43 N06455 Sol. ann. All -325 100 40 267 26.7 26.7 26.7 26.7 26.7 24.7 26.5
Low C-Ni-Md-Cr B 575 43 N10276 Sol. ann. All %325 100 41 27.3 27.3 27.3 27.3 26.9 25.2 24.6 24.0
Ni-Cr-Mo—-CH B 443 43 N06625 Annealed All (64) (700 -325 110 55 36.7 36.7 36.3 359 35.4 34.7 34.3 33.9
plt.
Ni-Cr-Mo-CH B 575 43 N06022 Sol. ann. < 3/16 -325 100 45 30.0 30.0 30.0 30.0 29.0 27.6 2%.0 26.5
sheet
Ni-Cr-Mo B 575 43 N06035 Sol. ann. All -325 85 35 23.3 233 233 22.2 20.6 19.7 19.4 19.2
Fe—Ni—-Cr-Mof-Cu-N B 688 45 N08367 Annealed > 3/16 -325 95 45  30.0 30.0 29.9 28.6 27.7 26.2 24.6 25.1
Fe—Ni-Cr-Mof-Cu-N B 688 45 N08367 Annealed < 3/16 -325 100 45  30.0 30.0 30.0 29.6 27.7 26.2 2%.6 25.1
Low C-Ni-Cr{Mo B 575 43 N06059 Sol. anp, All -325 100 45 30.0 30.0 30.0 30.0 29.6 28.1 21.5 26.7
Low C-Ni-Cr{Mo B 575 43 N06200 Sol. @nn, All -325 100 45 30.0 30.0 30.0 30.0 28.6 26.9 24.2 25.7
Ni-Mo B 333 44 N10001 Spl. ann. > 3/16, < 21/2 -325 100 45  30.0 30.0 30.0 30.0 30.0 30.0 3¢.0 30.0
plt.
Ni-Mo B 333 44 N10001*-Sol. ann. < 3/16 -325 115 50 333 333 33.3 33.3 33.3 333 33.3 33.3
sheet
Ni-Mo B 333 44 N10665 Sol. ann. All -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0
Ni-Mo B 333 44 N10675 Sol. ann. All -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0
Forgings [and Fittings_(2)
Low C—Ni B.X60" 41 N02201 Annealed All 9)(9a) -325 50 10 6.7 6.4 63 63 63 6.3 2 6.2
Low C-Ni B366 41 N02201 (32)(74) -325 50 10 6.7 6.4 63 63 63 6.3 2 6.2
Ni B 366 41 N02200 B32)(74) -325 55 12 8.0 80 80 80 80 8.0
Ni B 564 41 N02200 (32)(74) -325 55 12 8.0 80 80 80 80 8.0
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d) (10)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi (1), at Metal Temperature, °F

Spec.
750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 UNS No. No.

Nickel and Nickel Alloy (4a) (Cont’d)
Plates and Sheets (Cont’d)

175 7.2 ... ... ... NO8320 B 620
145 43 11.0 80 ... NO044¢0 B 127

18.8 [18.7 186 185 184 183 ... NO60
20.0 Po0.0 20.0 20.0 20.0 199 17.0 13.0 9.8 6.6 4.2 2.0 1.6 1.1 1.0 0.8 NO088
23.2 P3.0 229 228 226 223 ... NO88
23.2 R27 ... ... ... NO080
22.0 P18 21.7 20.0 195 189 ... NO60
201 9.9 ... ... ... N060

B 582
B 409
B 424
B 463
B 582
B 435

N N ©O »n O N

23.3 P33 233 16.0 10.6 7.0 4.5 3.0 2.2 20 ... . . s . \: e . . NO66 B 168
23.3 P33 233 16.0 10.6 7.0 4.5 3.0 2.2 20 ... N066¢0 B 168

o

20.0 [4.5 85 4.0 ... NO04400 B 127

209 pO5 ... ... ... N08031 B 625

26.1 p58 ... ... ... N064%5 B 575
23.5 P3.1 228 226 224 223 185 150 122 9.8 7.8 N1027%6 B 575

33.6 B3.3 33.1 328 325 31.2 31.2 231 21.0 132 ... NO06625 B 443

26.1 p5.7 ... N06022 B 575

19.0 pA88 ... ... ... N0603%5 B 575

24.7 P43 239 236 ... N083
247 p43 239 236 ... NO83
26.1 p56 ... ... ... N060
254 P52 ... ... ... N062
30.0 pR98 ... ... ... N100

B 688
B 688
B 575
B 575
B 333

= O V0V N N

333 B3.2 ... ... ... N100¢1 B 333

34.0 B4.0 ... N10665 B 333
339 B35 ... N106%5 B 333
Forgings and Fittings (2)

6.1 |6.0 58¥ 45 37 3.0 2.4 2.0 1.5 1.2 ... N022¢1 B 160
6.1 |6.0,~58 45 37 3.0 2.4 2.0 1.5 1.2 ... N02201 B 366

N02200 B 366
N02200 B 564
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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.

Min. " Min.
Spec.  P-No. Size Temp., S"Lth’ks' Temp.
Material No. (5) UNS No. Class Range, in. Notes °F(6) Tensile Yield to 100 200 300 400 500 600 650 700
Nickel and Nickel Alloy (4a) (Cont’d)
Forgings and Fittings (2) (Cont’d)
Ni B 564 41 N02200  Annealed All 9 -325 55 15 10.0 10.0 10.0 10.0 10.0 10.0 N ...
Ni—Fe-Cr B 564 45 N08810  Annealed ©) -325 65 25 16.7 16.7 16.7 16.7 16.7 165 6.0 15.7
Ni—Fe-Cr B 564 45 N08811  Annealed 9) -325 65 25 16.7 16.7 16.7 16.7 16.7 165 16., 15.7
Ni-Fe-Cr B 366 45 N08810 Annealed 9 -325 65 25 16.7 16.7 16.7 16.7 16+ 16.5 16.1 15.7
Ni—Fe-Cr B 366 45 N08811  Annealed ) -325 65 25 16.7 16.7 16.7 16./A 16.7 16.5 16.] 15.7
Ni—-Cu B 564 42 N04400 Annealed 9 -325 70 25 16.7 14.6 13.6_132 13.1 13.1 13.L 13.0
Ni—-Cu B 366 42 N04400 ... A (B32)(74) -325 70 25 16.7 14.6 13.6¢18.2 13.1 13.1 13.p 13.0
Ni—-Cr-Fe B 366 43 N06600 ... e (32)(74) -325 75 25  16.7 16.7N\16/7 16.7 16.7 16.7 16.f 16.7
Ni-Fe-Cr B 366 45 NO8800  Annealed -325 75 30 20.0 20:0720.0 20.0 20.0 20.0 20.p 20.0
Ni—-Fe-Cr B 564 45 N08800  Annealed ) -325 75 30 20.0~,20/0 20.0 20.0 20.0 20.0 20.p 20.0
Cr-Ni-Fe—-Mof-Cu-Cb B 366 45 N08020  Annealed . e -325 80 35 233 23.3 23.3 23.3 23.3 23.3 23.p 23.3
Cr-Ni-Fe-Mol-Cu-Cb B 462 45 N08020  Annealed ) -325 80 35, 23.3 233 233 23.3 23.3 23.3 23.B 233
Ni—-Cr-Fe B 564 43 N06600  Annealed All 9 -325 80 35\ 23.3 233 233 23.3 23.3 23.3 23.p 23.3
Cr—Ni—-Fe—Mo}-Cu B 366 45 N08825  Annealed . . -325 85 35 233 233 233 23.3 23.3 23.3 23.B 23.3
Cr—Ni—-Fe—Mo}-Cu B 564 45 N08825  Annealed e e -325 85 35 23.3 233 233 23.3 23.3 23.3 23.B 23.3
Ni—Cr-Mo-Fe B 366 43 N06002 . B2)(74) -325 100 40 26.7 26.7 26.7 26.7 25.5 24.2 23.f 23.3
Low C-Ni-FetCr— B 366 45 N08031  Annealed All A %325 94 40 26.7 26.7 26.7 24.7 23.3 22.2 21 213
Mo-Cu HW.
Low C-Ni-Fe{Cr- B 564 45 N08031  Annealed All . -325 94 40 26.7 26.7 26.7 24.7 23.3 22.2 21 213
Mo-Cu HW.
Ni—Mo—-Cr B 366 43 N10276 Sol. ann. All .. -325 100 41 27.3 27.3 27.3 27.3 26.9 25.2 24.p 24.0
Ni—-Mo-Cr B 564 43 N10276  Sol. ann. All ) -325 100 41 273 27.3 27.3 27.3 26.9 25.2 24.p 24.0
Ni-Mo B 366 44 N10001 (B32)(74) -325 100 45 30.0 30.0 30.0 30.0 30.0 30.0 30.p 30.0
Ni-Mo-Cr B 366 43 N06022 . .. (32)(74) -325 100 45  30.0 30.0 30.0 30.0 29.0 27.6 27.p 26.5
Ni-Cr-Mo B 564 43 N06022 RN e e -325 100 45  30.0 30.0 30.0 30.0 29.0 27.6 27.p 26.5
Ni-Cr-Mo B 366 43 N06035 Sok=ann: All (32)(74) -325 85 35 23.3 23.3 23.3 22.2 20.6 19.7 19.4 19.2
Ni-Cr-Mo B 462 43 N06035 Sol..ann. All ) -325 85 35 23.3 23.3 23.3 22.2 20.6 19.7 19.4 19.2
Ni-Cr-Mo B 564 43 N06035 Sel. ann. All ©) -325 85 35 23.3 23.3 23.3 22.2 20.6 19.7 19.4 19.2
Low C-Ni-CrtMo B 366 43 N06059 HW. sol. ann. All . -325 100 45  30.0 30.0 30.0 30.0 29.7 28.2 27.p 26.8
Low C-Ni-Cr{Mo B 564 43 N06059 HW. sol. ann. All Ce -325 100 45 30.0 30.0 30.0 30.0 29.7 28.2 27.p 26.8
Low C-Ni-CrtMo B 366 43 N06200  Sol. ann. All . -325 100 45 30.0 30.0 30.0 30.0 28.6 26.9 26.p 25.7
Low C-Ni-Cr{Mo B 462 43 N06200  Sol. ann. All e -325 100 45 30.0 30.0 30.0 30.0 28.6 26.9 26.p 25.7
Low C-Ni-CrtMo B 564 43 N06200  Sol. ann. All e -325 100 45 30.0 30.0 30.0 30.0 28.6 26.9 26.p 25.7
Ni—-Cr—Mo-CH B 564( 43 N06625  Annealed <4 ©)(64) -325 120 60 40.0 40.0 39.6 39.2 38.6 37.8 37.4 37.0
Ni-Mo B'366 44 N10665 Sol. ann. All - -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.p 34.0
Ni-Mo B 366 44 N10675 Sol. ann. All -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.p 34.0
Ni-Mo B 462 44 N10675 Sol. ann. All -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.p 34.0
Ni-Mo B 564 44 N10675 Sol. ann. All -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.p 34.0
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d) (10)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi (1), at Metal Temperature, °F

Spec.
750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 UNS No. No.

Nickel and Nickel Alloy (4a) (Cont’d)
Forgings and Fittings (2) (Cont’d)

153 [5.0 147 145 142 140 13.8 11.6 9.3 7.4 59 4.7 3.8 3.0 2.4 1.9 1.5 1.2 1.0 NO88
153 [5.0 147 145 142 140 13.8 11.6 9.3 7.4 59 4.7 3.8 3.0 2.4 1.9 1.5 1.2 10 NO088
153 [5.0 147 145 142 140 13.8 11.6 9.3 7.4 59 4.7 3.8 3.0 2.4 1.9 1.5 1.2 0 NO88
153 [15.0 147 145 142 140 13.8 11.6 9.3 7.4 59 4.7 3.8 3.0 2.4 1.9 1.5 1.2 1.0 NO88
129 2.7 11.0 80 ... NO44!
129 2.7 11.0 80 ... NO44!

B 564
B 564
B 564
B 366
B 366
B 564
B 366

O O - O OO

16.7 f[16.7 16.5 159 106 7.0 4.5 3.0 2.2 20 ... N066 B 366
20.0 P0.0 20.0 20.0 20.0 19.9 17.0 13.0 9.8 6.6 4.2 2.0 1.6 1.1 1.0 0.8 . e e NO88p0 B 366
20.0 P0.0 20.0 20.0 20.0 19.9 17.0 13.0 9.8 6.6 4.2 2.0 1.6 1.1 1.0 0.8 R e e NO88p0 B 564

o

23.2 R2.7 ... ... .. N08020 B 366
23.2 P27 ... ... ... N080%0 B 462
23.3 P33 233 16.0 10.6 7.0 4.5 3.0 2.2 20 ... N066¢0 B 564

23.2 P3.0 229 228 226 223 ... N08825 B 366
23.2 P3.0 229 228 226 223 ... NO08825 B 564

229 P27 225 196 195 193 193 175 141 113 93 7.7 6.1 4.8 3.8 3.0 N060¢2 B 366
20.9 pRO5 ... N080%1 B 366

209 pRO5 ... ... ... N08031 B 564

23.5 P3.1 228 226 224 223 185 150 122 9.8(y7.8 N10276 B 366
23.5 P3.1 228 226 224 223 185 150 122 9.8v 7.8 . . . . . . . . N10276 B 564

30.0 P9.9 ... ... ... N100

—_

B 366

26.1 p5.7 ... ... ... N060
261 P57 ... ... ... N060
19.0 p88 ... ... ... N060
190 pA88 ... ... ... NO060
19.0 88 ... ... ... N060
26.1 p55 ... ... ... N060
261 P55 ... ... ... N060
25.4 p52 ... ... ... N062
254 P52 ... ... .. N062
25.4 p5.2 ... ... 4= N062
36.6 p6.3 36.1 358 B5.4 31.2 31.2 231 21.0 132 ... NO066

B 366
B 564
B 366
B 462
B 564
B 366
B 564
B 366
B 462
B 564
B 564

V1O O O V0 VOV UV NN

34.0 PB4.0 ... N ... N106
339 B35 LNV L. N106
339 B35 ... L. N106
339 B3G,. L. Ll N106

B 366
B 366
B 462
B 564

(SRR R RV, |
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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.

Min. h ksi Min.
Spec. P-No. UNS No. Size Temp., Stensth, ksi oo,
Material No. (5) or Grade Class Range, in. Notes °F (6) Tensile Yield to 100 200 300 400 500 600 650 700

Nickel and Nickel Alloy (4a) (Cont’d)

Rod and Bar
Ni B 160 41 N02200 HW. All ) -325 60 15 10.0 10.0 10.0 10.0 10.0 10.0
Ni B 160 41 N02200  Annealed All ©9) -325 55 15 10.0 10.0 10.0 10.0 10.0 10:.0
Ni—-Cu B 164 42 N04400  Ann. forg. All 13) -325 70 25 16.7 14.6 13.6 13.2 13.1 23.1 13 13.0
Ni—Fe—-Cr—Moj B 621 45 N08320 Sol. ann. All -325 75 28 18.7 18.7 18.7 18/ 18.7 18.6 18p 17.8
Ni—Cr-Fe—Mof-Cu B 581 45 N06007 Sol. ann. >3/4 -325 85 30 20.0 20.0 20.0/20.0 20.0 19.5 19.p 19.0
Ni—-Fe—-Cr-Mof-Cu B 425 45 N08825  Annealed .. -325 85 35 23.3 23.3423.3 23.3 23.3 23.3 23.p 23.3
Ni—Cr—Fe—Mof-Cu B 581 45 N06007 Sol. ann. 33/4 -325 90 35  23.3 23.3\\23.3 23.3 23.3 22.7 224 22.2
Low C-Ni-FeCr— B 649 45 N08031 Annealed All -325 94 40 26.7._26.7 26.7 24.7 23.3 22.2 21 21.3

Mo-Cu
Ni—Cu B 164 42 N04400 H.W. All except -325 80 40 (26 25.8 24.8 23.9 23.4 23.1 22.p 22.7

hex. > 2%
Ni-Cr-Mo B 574 43 N06035 Sol. ann. All ©) -325 85 35% 23.3 23.3 23.3 22.2 20.6 19.7 194 19.2
Ni—-Mo-Cr B 574 43 N0O6455 Sol. ann. All ) -325 100 40 26.7 26.7 26.7 26.7 26.7 26.7 26.f 26.5
Ni-Cr-Mo—-CH B 446 43 N06625  Annealed >41t010 (9)(64) -325 110 50 33.3 33.3 33.3 33.3 33.3 33.3 33.p 33.3
(70)
Ni-Cr-Mo—-CH B 446 43 N06625  Annealed <4 964 -325 120 60 40.0 40.0 40.0 40.0 38.3 38.0 37.f 37.4
(70)

Low C-Ni-Crt+Mo B 574 43 N06059 Sol. ann. All -325 100 45 30.0 30.0 30.0 30.0 29.7 28.2 27.p 26.8
Low C-Ni-CrtMo B 574 43 N06200 Sol. ann. All -325 100 45 30.0 30.0 30.0 30.0 28.6 26.9 26.p 25.7
Ni-Mo B335 44 N10675 Sol. ann. All -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.p 34.0

Castings|(2)
Ni-Mo-Cr A 494 CW-12MW ... ©)46)  -325 72 40 24.0 24.0 24.0 24.0 24.0 24.0 24.p 24.0
Ni—-Mo-Cr A494 ... CW-6M 9 -325 72 40 24.0 24.0 24.0 24.0 24.0 24.0 24.p 24.0
Ni—-Cr-Mo A 494 43 CX-2MW  Sol. ann, ©) -325 80 45 26.7 26.7 26.7 26.7 26.7
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d) (10)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi (1), at Metal Temperature, °F

UNS No.  Spec.
750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 or Grade No.

Nickel and Nickel Alloy (4a) (Cont’d)
Rad and Bar

N022¢90 B 160
NO22¢0 B 160

129 2.7 11.0 80 ... NO044¢0 B 164
7.5 @172 ... ... ... N08320 B 621

18.8 [18.7 18.6 185 18.4 183 ... N060¢7 B 581
23.2 P3.0 229 228 226 223 ... N08825 B 425
22.0 P1.8 21.7 20.0 195 189 ... N060¢7 B 581

209 pROS5 ... ... ... N08031 B 649
200 f45 85 40 19 ... N044¢0 B 164

19.0 pA88 ... ... ... N0603%5 B 574
26.1 P58 ... ... ... NO64%5 B 574

333 PB3.3 33.1 328 325 31.2 31.2 231 210 132 ... N06625 B 446

37.4 PB7.4 37.4 374 37.4 374 37.4 37.4 277 210 132 .., J. . . .. A A R S N06625 B 446

26.1 p55 ... ... ... N060%9 B 574
25.4 P52 ... ... ... N062¢0 B 574
339 B35 ... ... L. N10675 B 335

Captings (2)

24.0 R4.0 24.0 240 240 228 ... CW-1IMW A 494
24.0 R4.0 24.0 240 240 228 ... CW-6 M1 A 494
CX-2Mw A 494
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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
Specified Min. (1) at Metal Temperature, °F

Min. .
P-No. UNS Temp., S”Lth’ks' Min. Temp.

Material Spec. No. (5) Grade No. Notes °F (6) Tensile Yield to 100 150 200
Titanium and Titanium Alloy

Pipes and Tubes (2)
Ti B 861 51 1 R50250 17) -75 35 25 11.7 10.9 9.6
Ti B 862 51 1 R50250 17 =75 35 25 11.7 109 9.6
Ti B 861 51 2 R50400 17 =75 50 40 16.7 16.0 14.5
Ti B 862 51 2 R50400 17) -75 50 40 16.7 16.0 14.5
Ti-0.2Pd B 861 51 7 R52400 17) -75 50 40 16.7% 16.0 14.5
Ti—0.2Pd B 862 51 7 R52400 17) -75 50 40 16.7 16.0 14.5
Ti B 861 52 3 R50550 17) -75 65 55 21.7 20.4 18.4
Ti B 862 52 3 R50550 17) =75 65 56 21.7 20.4 18.4

Plates arld Sheets
Ti B 265 51 1 R50250 Ce -75 35 25 11.7 10.9 9.6
Ti B 265 51 2 R50400 ce -75 50 40 16.7 16.0 14.5
Ti B 265 52 3 R50550 e -75 65 55 21.7 20.4 18.4

Forgings
Ti B 381 51 F1 R50250 A =75 35 25 11.7 10.9 9.6
Ti B 381 51 F2 R50400 Ce -75 50 40 16.7 16.0 14.5
Ti B 381 52 F3 R50550 A -75 65 55 21.7 20.4 18.4
Zirconium 3nd Zirconium Alloy

Pipes an{l Tubes (2)
Zr B 523 61 A R60702 . -75 55 30 18.3 17.2 15.4
Zr B 658 61 - R60702 - -75 55 30 18.3 17.2 15.4
Zr + Cb B 523 62 A R60705 (73) -75 80 55 26.7 24.4 22.1
Zr + Cb B 658 62 . R60705 (73) -75 80 55 26.7 24.4 22.1

Plates arld Sheets
Zr B 551 61 R R60702 A -75 55 30 18.3 17.2 15.4
Zr + Cb B 551 62 . R60705 (73) -75 80 55 26.7 24.4 22.1

Forgings [and Bar
Zr B 493 61 ce R60702 ce -75 55 30 18.3 17.2 15.4
Zr B_550 61 e R60702 Ce =75 55 30 18.3 17.2 15.4
Zr + Cb B 493 62 e R60705 (73) -75 70 55 26.7 24.4 22.1
Zr + Cb B 550 62 ce R60705 (73) -75 80 55 26.7 24.4 22.1
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d) (10)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi (1),
at Metal Temperature, °F

UNS
250 300 350 400 450 500 550 600 650 700 No. Spec. No.

Titanium and Titanium Alloy
Pipes and Tubes )

8.6 7.7 7.0 6.4 5.9 5.2 4.7 4.2 - . R50250 B 861

8.6 7.7 7.0 6.4 5.9 5.2 4.7 4.2 R R R50250, B 862
13.2 12.1 111 10.3 9.6 8.9 8.2 7.6 R ce R50400 B 861
13.2 12.1 111 10.3 9.6 8.9 8.2 7.6 - . R50400 B 862
13.2 12.1 11.1 10.3 9.6 8.9 8.2 7.6 R p- R52400 B 861
13.2 12.1 11.1 10.3 9.6 8.9 8.2 7.6 R K R52400 B 862
16.6 14.9 13.4 121 10.9 9.9 9.2 8.6 R . R50550 B 861
16.6 14.9 13.4 12.1 10.9 9.9 9.2 8.6 . £ R R50550 B 862

Plates arld Sheets

8.6 7.7 7.0 6.4 5.9 5.2 4.7 42 e . R50250 B 265
13.2 12.1 11.1 10.3 9.6 8.9 8.2 7.6 R - R50400 B 265
16.6 14.9 13.4 121 10.9 9.9 9.2 8.6 . R R50550 B 265

Forgings

8.6 7.7 7.0 6.4 5.9 5.2 4.7 4.2 - . R50250 B 381
13.2 121 111 10.3 9.6 8.9 8.2 7.6 R . R50400 B 381
16.6 14.9 13.4 12.1 10.9 9.9 9.2 8.6 - - R50550 B 381

Zirconium and Zircpnium Alloy
Pipes and [Tubes (2)

13.6 12.0 10.6 9.3 8.3 7.4 6.6 6.0 5.6 5.2 R60702 B 523
13.6 12.0 10.6 9.3 8.3 7.4 6.6 6.0 5.6 5.2 R60702 B 658
20.4 18.9 17.7 16.7 15.8 15.0 14.4 13.9 13.5 13.2 R60705 B 523
20.4 18.9 17.7 16.7 15.8 15.0 14.4 13.9 13.5 13.2 R60705 B 658

Plates arld Sheets

13.6 12.0 10.6 9.3 8.3 7.4 6.6 6.0 5.6 5.2 R60702 B 551
20.4 18.9 LAT 16.7 15.8 15.0 14.4 13.9 13.5 13.2 R60705 B 551

Forging$ and Bar

13.6 120 10.6 9.3 8.3 7.4 6.6 6.0 5.6 5.2 R60702 B 493
13.6 12:0 10.6 9.3 8.3 7.4 6.6 6.0 5.6 5.2 R60702 B 550
20.4 18.9 17.7 16.7 15.8 15.0 14.4 13.9 13.5 13.2 R60705 B 493
20.4 18.9 17.7 16.7 15.8 15.0 14.4 13.9 13.5 13.2 R60705 B 550
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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 (1), at Metal

Temperature, °F

Size or " . Min.
P-No. or Thickness Min. Sspeafledh h:l(m Temp.
S-No. Range, Temp., M to
Spec. No. (5) Grade Temper in. Notes °F(6) Tensile Yield 100 150 200 250 300 350 400
Aluminum Alloy
Seamlesg Pipes and Tubes
B 210, B 241 21 1060 0, H112, (14)(33) -452 8.5 2.5 1.7 1.7 1.6 1.5 13 1.1 0.8
H113
B 345 S-21 1060 0, H112, (14)(33) -452 8.5 2.5 1.7 1.7 1.6 NS 1.3 1.1 0.8
H113
B 210 21 1060 H14 (14)(33) -452 12 10 4.0 4.0 4.0 3.0 2.6 1.8 1.1
B 241 21 1100 0, H112 (14)(33) -452 11 3 2.0 2.0 2.0 1.9 1.7 1.3 1.0
B 210 21 1100 H113 (14)(33) =452 11 3.5 23 2.3 2.3 2.3 1.7 1.3 1.0
B 210 21 1100 H14 (14)(33) -452 16 14 53 5.3 5.3 4.9 2.8 1.9 1.1
B 210, B 241 21 3003 0, H112 (14)333) =452 14 5 3.3 3.3 3.3 3.1 2.4 1.8 1.4
B 345, B 491 S-21 3003 0, H112 (14)(33) =452 14 5 3.3 3.3 3.3 3.1 2.4 1.8 1.4
B 210 21 3003 H14 (14)(33) =452 20 17 6.7 6.7 6.7 4.8 4.3 3.0 2.3
B 210, B 241 21 3003 H18 (14)(33) -452 27 24 9.0 9.0 8.9 6.3 5.4 3.5 2.5
B 345 S-21 3003 H18 (14)(33) -452 27 24 9.0 9.0 8.9 6.3 5.4 3.5 2.5
B 210, B 241 21 Alclad 0, H112 (14)(33) =452 13 4.5 3.0 3.0 3.0 2.8 2.2 1.6) 1.3
3003
B 345 S-21 Alclad 0, H112 (14)33) -452 13 4.5 3.0 3.0 3.0 2.8 2.2 1.6} 1.3
3003
B 210 21 Alclad H14 (14)33) -452 19 16 6.0 6.0 6.0 4.3 3.9 2.7 2.1
3003
B 210 21 Alclad H18 (4)(33) -452 26 23 8.1 8.1 8.0 5.7 4.9 3.2 2.2
3003
B 210, B 241 22 5052 0 (14) -452 25 10 6.7 6.7 6.7 6.2 5.6 4.1 2.3
B 210 22 5052 H32 (14)(33) =452 31 23 103 103 103 7.5 6.2 4.1 23
B 210 22 5052 H34 (14)(33) =452 34 26 11.3 113 113 8.4 6.2 4.1 2.3
B 241 25 5083 0,112 (33) =452 39 16 10.7 10.7
B 210, B 345 S-25 5083 0, H112 (33) -452 39 16 10.7 107
B 241 25 5086 0, H112 (33) -452 35 14 9.3 9.3
B 210, B 345 S-25 5086 0, H112 (33) -452 35 14 9.3 9.3
B 210 S-25 5086 H32 (33) =452 40 28 133 133
B 210 §25 5086 H34 (33) =452 44 34 147 147
B 210 22 5454 o — 457 30 4 73 tars
B 210 22 5154 H34 (33) -452 39 29 133 13.0
B 241 22 5454 0, H112 (33) =452 31 12 8.0 80 8.0 7.4 5.5 4.1 3.0
B 210 25 5456 0, H112 (33) =452 41 19 12.7 12.7
B 241 S-25 5456 0, H112 (33) -452 41 19 12,7 127 ... s s
B 210 23 6061 T4 (33) -452 30 16 10.0 10.0 10.0 9.8 9.2 7.9 5.6
B 241 23 6061 T4 (33)(63) -452 26 16 8.7 8.7 8.7 8.5 8.0 7.9 5.6
B 345 S-23 6061 T4 (33)(63) =452 26 16 8.7 8.7 8.7 8.5 8.0 7.9 5.6
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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 (1), at Metal
Temperature, °F

Size or ified Mi Min.
P-No. or Thickness Min. SSpeu Ieh k"f' Temp.
S-No. Range, Temp., M to
Spec. No. (5) Grade Temper in. Notes °F(6) Tensile Yield 100 150 200 250 300 350 400
Alumilj:m Alloy (Cont’d)
Seanless Pipes and Tubes (Cont’d)
B 210 23 6061 T6 . (33) -452 42 35 14.0 14.0 140 13.2,7113 7.9 5.6
B 241 23 6061 T6 e (33)(63) -452 38 35 12.7 12.7 127 +12.1 10.6 7.9 5.6
B 345 S-23 6061 T6 . (33)(63) -452 38 35 127 127~127 121 106 7.9 5.6
B 210, B 241 23 6061 T4, T6 . (22)(63) -452 24 . 8.0 8,0 8.0 7.9 7.4 6.1 4.3
wld.
B 345 S-23 6061 T4, T6 e (22)(63) -452 24 . 80 8.0 8.0 7.9 7.4 6.1 4.3
wld.
B 210 23 6063 T4 ... (33) -452 22 10 6.7 6.7 6.7 6.7 6.7 3.4 2.0
B 241 23 6063 T4 <0.500 (33) -452 19 10 6.7 6.7 6.7 6.7 6.7 3.4 2.0
B 345 S-23 6063 T4 <0.500 (33 -452 19 10 6.7 6.7 6.7 6.7 6.7 3.4 2.0
B 241 23 6063 75 <0.500 (33) =452 22 16 7.3 7.3 7.2 6.8 6.1 3.4 2.0
B 345 S-23 6063 T5 <0.500 (33 -452 22 16 7.3 7.3 7.2 6.8 6.1 3.4 2.0
B 210 23 6063 T6 (33) =452 33 28 11.0  11.0 105 9.5 7.0 3.4 2.0
B 241 23 6063 T6 33) -452 30 25 10.0 10.0 9.8 9.0 6.6 3.4 2.0
B 345 S-23 6063 T6 (33 -452 30 25 10.0  10.0 9.8 9.0 6.6 3.4 2.0
B 210, B 241 23 6063 T4, T5, T6 e e —452 17 e 5.7 5.7 5.7 5.6 5.2 3.0 2.0
wld.
B 345 S-23 6063 T4, 75, T6 e P 452 17 . 5.7 5.7 5.7 5.6 5.2 3.0 2.0
wld.
WelHded Pipes and Tubes
B 547 25 5083 0 e e -452 40 18 12.0 12.0
Stryctural Tubes
B 221 21 1060 0/H112 ces (33)(69) -452 8.5 2.5 1.7 1.7 1.6 1.5 1.3 1.1 0.8
B 221 21 1100 0, H112 e (33)(69) -452 11 3 2.0 2.0 2.0 1.9 1.7 1.3 1.0
B 221 21 3003 0, H112 o (33)(69) -452 14 5 3.3 3.3 3.3 3.1 2.4 1.8 1.4
B 221 21 Alclad 0, H112 e (33)(69) -452 13 4.5 3.0 3.0 3.0 2.8 2.2 1.6 1.3
3003
B 221 22 5052 0 (69) -452 25 10 6.7 6.7 6.7 6.2 5.6 4.1 2.3
B 221 25 5083 0 (69) -452 39 16 10.7 107
B 221 25 5086 & {65} 452 35 s 03 03
B 221 22 5154 0 (69) =452 30 11 7.3 7.3
B 221 22 5454 0 ces (69) -452 31 12 8.0 8.0 8.0 7.4 5.5 4.1 3.0
B 221 25 5456 0 e (69) -452 41 19 12.7 12.7
B 221 23 6061 T4 el (33)(63)(69) -452 26 16 8.7 8.7 8.7 8.5 8.0 7.7 5.3
B 221 23 6061 T6 e (33)(63)(69) -452 38 35 12.7 127 127 121 10.6 7.9 5.6
B 221 23 6061 T4, T6 wld. e (22)(63)(69) -452 24 . 8.0 8.0 8.0 7.9 7.4 6.1 4.3
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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 (1), at Metal

Temperature, °F

Size or " . Min.
P-No. or Thickness Min. Specified M"}' Temp.
S-No. Range, Temp., M to
Spec. No. (5) Grade Temper in. Notes °F(6) Tensile Yield 100 150 200 250 300 350 400
Aluminumilloy (Cont’d)
Structural Tubes (Cont’d)
B 221 23 6063 T4 <0.500  (13)(33)(69) -452 19 10 6.4 6.4 6.4 6.4 6.4 3.4 2.0
B 221 23 6063 T5 <0.500  (13)(33)(69) -452 22 16 7.3 7.3 7.2 6.8 6.1 3.4 2.0
BE221 23 6063 T6 (33)(69) =452 30 25 10.0 10.0 9.8 90 6.6 3.4 2.0
B 221 23 6063 T4, 75, T6 (69) =452 17 5.7 5.7 5.7 5.6 5.2 3.0 2.0
8 wld.
/ Plates arld Sheets
B'EZO9 21 1060 0 . . -452 8 2.5 1.7 1.7 1.6 1.5 1.3 1.1 0.8
B: 209 21 1060 H112 0.500- (13)33) -452 10 5 33 3.2 2.9 1.9 1.7 1.4 1.0
1.000
B 209 21 1060 H12 (33) -452 11 9 3.7 3.7 3.4 2.3 2.0 1.8 1.1
B 209 21 1060 H14 (33) -452 12 10 4.0 40 4.0 3.0 2.6 1.8 1.1
B 209 21 1100 0 . ce. -452 11 3.5 2.3 2.3 2.3 2.3 1.7 1.3 1.0
B 209 21 1100 H112 0.500- (13)33) =452 12 5 3.3 3.3 3.3 2.5 2.2 1.7 1.0
2.000
B 209 21 1100 H12 (33) -452 14 11 4.7 4.7 4.7 3.2 2.8 1.9 1.1
B 209 21 1100 H14 (33) =452 16 14 5.3 5.3 5.3 3.7 2.8 1.9 1.1
B 209 21 3003 0 e . -452 14 5 3.3 33 3.3 3.1 2.4 1.8 1.4
B 209 21 3003 H112 0.500- (13)33) -452 15 6 4.0 4.0 3.9 3.1 2.4 1.8 1.4
2.000
B 209 21 3003 H12 (33) -452 17 12 5.7 5.7 5.7 4.0 3.6 3.0 2.3
B 209 21 3003 H14 (33) -452 20 17 6.7 6.7 6.7 4.8 4.3 3.0) 2.3
B 209 21 Alclad 0 0.006= (66) -452 13 4.5 3.0 3.0 3.0 2.8 2.2 1.6 13
3003 0:499
B 209 21 Alclad 0 0.500- (68) -452 14 5 3.0 3.0 3.0 2.8 2.2 1.6 13
3003 3.000
B 209 21 Alclad H112 0.500- (33)(66) -452 15 6 3.6 3.6 3.5 2.8 2.2 1.6) 1.3
3003 2.000
B 209 21 Alclad H12 0.017- (33)(66) -452 16 11 5.1 5.1 5.1 3.6 3.2 2.7 21
3003 0.499
B 209 21 Alclad H12 0.500- (33)(68) -452 17 12 5.1 5.1 5.1 3.6 3.2 2.7] 2.1
3003 2.000
B 209 21 Alelad H14 0.009- (33)(66) -452 19 16 6.0 6.0 6.0 4.3 3.9 2.7) 21
3003 0.499
B 209 21 Alclad H14 0.500- (33)(68) -452 20 17 6.0 6.0 6.0 4.3 3.9 2.7] 2.1
3003 1.000
B 209 22 3004 0 Lo -452 22 8.5 5.7 5.7 5.7 5.7 5.7 3.8 2.3
B 209 22 3004 H112 (33) -452 23 9 6.0 6.0 6.0 6.0 5.8 3.8 2.3
B 209 22 3004 H32 (33) -452 28 21 9.3 9.3 9.3 7.0 5.8 3.8 2.3
B 209 22 3004 H34 (33) -452 32 25 10.7 107 10.7 8.0 5.8 3.8 2.3

198


https://asmenormdoc.com/api2/?name=ASME B31.3 2010.pdf

ASME B31.3-2010

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 (1), at Metal
Temperature, °F

Size or . . Min.
P-No. or Thickness Min. Specified M"}' Temp.
S-No. Range, Temp., S"Lth’ks' to
Spec. No. (5) Grade Temper in. Notes °F(6) Tensile Yield 100 150 200 250 300 350 400
Alumittum Alloy (Cont’d)
Platles and Sheets (Cont’d)
B 209 22 Alclad 0 0.006- (66) -452 21 8 5.1 5.1 5.1 5.1 5.1 3.4 2.1
3004 0.499
B 209 22 Alclad 0 0.500- (68) -452 22 8.5 5.1 5.1 5.1 5.1 5.1 3.4 2.1
3004 3.000
B 209 22 Alclad H112 0.250- (33)(66) -452 22 8.5 5.4 5.4 5.4 5.4 5.2 3.4 2.1
3004 0.499
B 209 22 Alclad H112 0.500 (33)(68) =452 23 9 5.4 5.4 5.4 5.4 5.2 3.4 2.1
3004 3.000
B 209 22 Alclad H32 0.017- (33)(66) =452 27 20 8.4 8.4 8.4 6.3 5.2 3.4 2.1
3004 0.499
B 209 22 Alclad H32 0.500- (33)(68) -452 28 2 8.4 8.4 8.4 6.3 5.2 3.4 2.1
3004 2.000
B 209 22 Alclad H34 0.009- (33)(66) -452 31 24 9.6 9.6 9.6 7.2 5.2 3.4 2.1
3004 0.499
B 209 22 Alclad H34 0.500- (33)(68) —-452% \32 25 9.6 9.6 9.6 7.2 5.2 3.4 2.1
3004 1.000
B 209 S-21 5050 0 .. . 452 18 6 4.0 4.0 4.0 4.0 4.0 2.8 1.4
B 209 S-21 5050 H112 e (33) =452 20 8 5.3 5.3 5.3 5.3 5.3 2.8 1.4
B 209 S-21 5050 H32 .. (33) =452 22 16 7.3 7.3 7.3 5.5 5.3 2.8 1.4
B 209 S-21 5050 H34 e (33) =452 25 20 8.3 8.3 8.3 6.3 5.3 2.8 1.4
B 209 22 5052 & 0 A e -452 25 9.5 6.3 6.3 6.3 6.2 5.6 4.1 2.3
5652
B 209 22 5052 & H112 0.500— @3)33) -452 25 9.5 6.3 6.3 6.3 6.2 5.6 4.1 2.3
5652 3.00
B 209 22 5052 & H32 A (33) -452 31 23 10.3 10.3  10.3 7.5 6.2 4.1 2.3
5652
B 209 22 5052 & H34 cee (33) =452 34 26 11.3 113 113 8.4 6.2 4.1 2.3
5652
B 209 25 5083 0 0.051- (13) -452 40 18 120 120
1.500
B 209 25 5083 H32 0.188- (13)33) =452 44 31 147 147
1.500
B 209 25 5086 0 o . -452 35 14 9.3 9.3
B 209 25 5086 H112 0.500- (13)33) -452 35 16 9.3 9.3
1.000
B 209 25 5086 H32 ... (33) =452 40 28 13.3 133
B 209 25 5086 H34 e (33) -452 44 34 14.7 14.7
B 209 22 5154 & 0 e e =452 30 11 7.3 7.3
5254
B 209 22 5154 & H112 0.500- (13)33) =452 30 11 7.3 7.3
5254 3.000
B 209 22 5154 & H32 e (33) -452 36 26 12.0 12.0
5254
B 209 22 5154 & H34 e (33) =452 39 29 13.0 13.0
5254
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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 (1), at Metal
Temperature, °F

Size or " . Min.
P-No. or Thickness Min. Sspeafledh h:l(m Temp.
S-No. Range, Temp., M to
Spec. No. (5) Grade Temper in. Notes °F(6) Tensile Yield 100 150 200 250 300 350 400
Aluminum ,flloy (Cont’d)
Plates [and Sheets (Cont’d)
B 209 22 5454 0 A . -452 31 12 8.0 8.0 8.0 7.4 5.5 4.1 3.0
B 209 22 5454 H112 0.500- (13)33) -452 31 12 8.0 8.0 8.0 7.4 5.5 4.1 3.0
3.000
B 209 22 5454 H32 . (33) -452 36 26 120 120 12,0 7.5 5.5 4.1 3.0
B 209 22 5454 H34 . (33) -452 39 29 13.0 13.0 A13.0 7.5 5.5 4.1 3.0
B 209 25 5456 0 0.051- (13) =452 42 19 12.7 127
1.500
B 209 25 5456 H321 0.188- (13)33) -452 46 33 153 ¥ 15.3
0.499
B 209 23 6061 T4 . (33)(63) -452 30 16 10.0 10.0 10.0 9.8 9.2 7.9 5.6
B 209 23 6061 T6 . (33) =452 42 35 140 140 140 132 11.2 7.9 5.6
B 209 23 6061 T651 0.250- (13)(33) =452 42 35 14.0 140 140 13.2 112 7.9 5.6
4.000
B 209 23 6061 T4, T6 . (22)(63) -452 24 e 8.0 8.0 8.0 7.9 7.4 6.1 4.3
wild.
B 209 23 Alclad T4 .. (33)(66) =452 27 14 9.0 9.0 9.0 8.8 8.3 7.1 5.0
6061
B 209 23 Alclad T451 0.250- (33)(66) -452 27 14 9.0 9.0 9.0 8.8 8.3 7.1 5.0
6061 0.499
B 209 23 Alclad T451 0.500- (33)(68) -452 30 16 9.0 9.0 9.0 8.8 8.3 7.1 5.0
6061 3.000
B 209 23 Alclad T6 A (33)(66) -452 38 32 12.6 126 126 119 10.1 7.1 5.0
6061
B 209 23 Alclad T651 0.250- (33)(66) -452 38 32 12.6 126 126 119 10.1 7.1 5.0
6061 0.499
B 209 23 Alclad T651 0.500- (33)(68) -452 42 35 12.6 126 126 119 10.1 7.1 5.0
6061 4.000
B 209 23 Alclad T4 T6 e (22)(63) -452 24 s 8.0 8.0 8.0 7.9 7.4 6.1 4.3
6061 wid.
Forgings [and Fittings (2)
B 247 21 3003 H112, e (9)(45) -452 14 5 3.3 3.3 3.3 3.1 2.4 1.8 1.4
H112
wld.
B 247 25 5083 0, H112, . 96B2(33) -452 38 16 10.7 107
H112
wld.
B 247 23 6061 T6 c. 9)33) -452 38 35 127 127 127 121 106 7.9 5.6
B 247 23 6061 T6 wld. el 922 -452 24 . 8.0 8.0 8.0 7.9 7.4 6.1 4.3
B 361 S-21 WP1060 0, H112 . (13)(14)(23) -452 8 2.5 1.7 1.7 1.6 1.5 1.3 1.1 0.8

(32(33)
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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 (1), at Metal
Temperature, °F

Size or ified Mi Min.
P-No. or Thickness Min. SSpeu Ieh “ﬁ'" Temp.
S-No. Range, Temp., M to
Spec. No. (5) Grade Temper in. Notes °F(6) Tensile Yield 100 150 200 250 300 350 400
Aluminum Alloy (Cont’d)
Forgings and Fittings (2) (Cont’d)
B 361 S-21 WP1100 0, H112 e (13)14)(23)(32) -452 11 3 2.0 2.0 2.0 1.9 1.7 1.3 1.0
(33)
B 361 S-21 WP3003 0, H112 Ces (13)14)(23)(32) -452 14 5 3.3 3.3 33 3.1 2.4 1.8 1.4
(33)
B 361 S-21 WP Alclad 0, H112 e (13)14)(23)(32) -452 13 4.5 3.0 3.0 3.0 2.8 2.2 1.6 1.3
3003 (33)(66)
B 361 S-25 WP5083 0, H112 Lo (13)(23)32)(33) -452 39 16 107 10.7
B 361 S22 WP5154 0, H112 o (23)32)(33) -452 30 11 7.3 7.3
B 361 S-23 WP6061 T4 e (13)(23)32)(33)  -452 26 16 8.7 8.7 8.7 8.5 8.0 7.7 5.6
(63)
B 361 S-23 WP6061 T6 .. (13)(23)32)(33) 452 % \38 35 127 127 127 121 106 7.9 5.6
63)
B 361 S-23 WP6061 T4, T6 wld. ces (22)(23)(32)(63) -452 24 e 8.0 8.0 8.0 7.9 7.4 6.1 4.3
B 361 S-23 WP6063 T4 . (13)(23)32)33) -452 18 9 6.0 6.0 6.0 6.0 6.0 3.4 2.0
B 361 S-23 WP6063 T6 e (13)(23)32)(33) -452 30 25 10.0 10.0 9.8 9.0 6.6 3.4 2.0
B 361 S-23 WP6063 T4, T6 wld. ces (23)32) -452 17 cee 5.7 5.7 5.7 5.6 5.2 3.0 2.0
Castings (2)
B 26 . 443.0 F .. 9)43) -452 17 7 4.7 4.7 4.7 4.7 4.7 4.7 3.5
B 26 e 356.0 T6 o 9)(43) -452 30 20 10.0 10.0 10.0 8.4 ... Ce. ce.
B 26 . 356.0 71 .. 9)43) -452 25 18 8.3 8.3 8.3 8.1 7.3 5.5 2.4
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Table A-1A Basic Casting Quality Factors, E,
These quality factors are determined in accordance with para. 302.3.3(b). See also
para. 302.3.3(c) and Table 302.3.3C for increased quality factors applicable in special

cases. Specifications are ASTM.

Appendix A

Spec. No. Description E. [Note (2)] Notes
Iron
A ’-II7 :‘V‘lld‘l‘lcdbllc ;IUII LGDt;IIsD 1.UU (9)
A 48 Gray iron castings 1.00 )
A 126 Gray iron castings 1.00 9
A 197 Cupola malleable iron castings 1.00 ©)
A 278 Gray iron castings 1.00 )
A 395 Ductile and ferritic ductile iron castings 0.80 9, (40)
A 571 Austenitic ductile iron castings 0.80 9), (40)
Carbon Steel
A 216 Carbon steel castings 0.80 9), (40)
A 352 Ferritic steel castings 0.80 9), (460)
Low and Intermediate Alloy Steel
A 217 Martensitic stainless and alloy castings 0.80 9), (40)
A 352 Ferritic steel castings 0.80 9), (40)
A 426 Centrifugally cast pipe 1.00 (10)
Stainless Steel
A 351 Austenitic steel castings 0.80 9), (40)
A 451 Centrifugally cast pipe 0.90 (10), (40)
A 487 Steel castings 0.80 9), (40)
Copper and Copper Alloy
B 61 Steam bronze castings 0.80 9), (460)
B 62 Compositionhronze castings 0.80 9), (40)
B 148 Al-bronze ‘and Si—Al-bronze castings 0.80 9), (460)
B 584 Copper alloy castings 0.80 9), (40)
Nickel and Nickel Alloy
A 494 Nickel and nickel alloy castings 0.80 9), (40)
Aluminum Alloy
B 26, Temperk Aluminum alloy castings 1.00 9, (10)
B 26, Tempefr-T6, T71 Aluminum alloy castings 0.80 9, (40)
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Table A-1B  Basic Quality Factors for Longitudinal Weld Joints in Pipes, Tubes, and Fittings, E;

These quality factors are determined in accordance with para. 302.3.4(a). See also para. 302.3.4(b) and Table
302.3.4 for increased quality factors applicable in special cases. Specifications, except API, are ASTM.

Spec. No. Class (or Type) Description E(2) Appendix A Notes
Carbon Steel
API 5L Seamless pipe 1.00
Electric resistance welded pipe 0.85
Elactric fuciaon waldad pipn, daoubla I-\nH’ cfraighl— 095
or spiral seam
Furnace butt welded 0.60
A 53 Type S Seamless pipe 1.00
Type E Electric resistance welded pipe 0.85
Type F Furnace butt welded pipe 0.60
A 105 Forgings and fittings 1200 ©)
A 1d6 Seamless pipe 1.00
A 134 Electric fusion welded pipe, single butt, straight 0.80
or spiral seam
A 135 Electric resistance welded pipe 0.85
A 139 Electric fusion welded pipe, straight or spiral 0.80
seam
A 179 Seamless tube 1.00 .
A 141 Forgings and fittings 1.00 ©)
A 234 Seamless and welded fittings 1.00 (16)
A 333 Seamless pipe 1.00
Electric resistance welded pipe 0.85
A 334 Seamless tube 1.00 S
A 350 Forgings and fittings 1.00 )
A 349 Seamless pipe 1.00 e
A 3§81 Electric fusiop~welded pipe, 100% radiographed 1.00 (18)
Electric fusion"welded pipe, spot radiographed 0.90 (19)
Electric/fusion welded pipe, as manufactured 0.85
A 420 Welded fittings, 100% radiographed 1.00 (16)
A 524 Seamless pipe 1.00
A 587 Electric resistance welded pipe 0.85
A 671 12, 22, 32, 42, 52 Electric fusion welded pipe, 100% radiographed 1.00
13, 23, 33, 43, 53 Electric fusion welded pipe, double butt seam 0.85
A 672 12, 22, 32, 42752 Electric fusion welded pipe, 100% radiographed 1.00
13, 23, 33,43:53 Electric fusion welded pipe, double butt seam 0.85
A 691 12, 22, 32,%2, 52 Electric fusion welded pipe, 100% radiographed 1.00
13, 23333, 43, 53 Electric fusion welded pipe, double butt seam 0.85
Low apd Intermedjate*Alloy Steel
A 182 Forgings and fittings 1.00 )
A 234 Seamless and welded fittings 1.00 (16)
A 333 Seamless pipe 1.00 o
Electric resistance welded pipe 0.85 (78)
A 334 Seamless tube 1.00 .
A 335 Seamless pipe 1.00
A 350 Forgings and fittings 1.00
A 369 Seamless pipe 1.00
A 420 Welded fittings, 100% radiographed 1.00 (16)
A 671 12, 22, 32, 42, 52 Electric fusion welded pipe, 100% radiographed 1.00 e
13, 23, 33, 43, 53 Electric fusion welded pipe, double butt seam 0.85 (78)
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Table A-1B Basic Quality Factors for Longitudinal Weld Joints in Pipes, Tubes, and Fittings, E; (Cont’d)

These quality factors are determined in accordance with para. 302.3.4(a). See also para. 302.3.4(b) and Table
302.3.4 for increased quality factors applicable in special cases. Specifications, except API, are ASTM.

Spec. No. Class (or Type) Description E (2 Appendix A Notes
Low and Intermediate Alloy Steel (Cont’d)
A 672 12, 22, 32, 42, 52 Electric fusion welded pipe, 100% radiographed 1.00 -
13, 23, 33, 43, 53 Electric fusion welded pipe, double butt seam 0.85 (78)
A 691 1 ’7, ’7’7’ Q')’ /")’ L) Elactric fuciaon waldad pipn’ 1009, rarlingraphnrl 1 _nn ——
13, 23, 33, 43, 53 Electric fusion welded pipe, double butt seam 0.85 (78)
Stainless Steel
A 182 Forgings and fittings 1.00
A 268 Seamless tube 1.00
Electric fusion welded tube, double butt seam 0.85
Electric fusion welded tube, single butt seam 0.80
A 269 Seamless tube 1.00
Electric fusion welded tube, double butt seam 0:85
Electric fusion welded tube, single butt seam 0.80
A 312 Seamless tube 1.00
Electric fusion welded tube, double butt seant 0.85
Electric fusion welded tube, single butt sedm 0.80
A 358 1,3, 4 Electric fusion welded pipe, 100% radiographed 1.00
5 Electric fusion welded pipe, spot radiographed 0.90
2 Electric fusion welded pipe, double*butt seam 0.85
A 376 Seamless pipe 1.00
A 403 Seamless fittings 1.00 -
Welded fitting, 100% radiegraphed 1.00 (16)
Welded fitting, double ‘butt seam 0.85 e
Welded fitting, single butt seam 0.80
A 409 Electric fusion wélded pipe, double butt seam 0.85
Electric fusion\welded pipe, single butt seam 0.80 .
A 487 Steel castirgs 0.80 9)(40)
A 789 Seamless tube 1.00
Electric fusion welded, 100% radiographed 1.00
Electric fusion welded, double butt 0.85
Electric fusion welded, single butt 0.80
A 790 Seamless pipe 1.00
Electric fusion welded, 100% radiographed 1.00
Electric fusion welded, double butt 0.85
Electric fusion welded, single butt 0.80
A 815 Seamless fittings 1.00 .
Welded fittings, 100% radiographed 1.00 (16)
Welded fittings, double butt seam 0.85
Welded fittings, single butt seam 0.80
Copper and Copper Alloy
B 42 Seamless pipe T.00
B 43 Seamless pipe 1.00
B 68 Seamless tube 1.00
B 75 Seamless tube 1.00
B 88 Seamless water tube 1.00
B 280 Seamless tube 1.00
B 466 Seamless pipe and tube 1.00
B 467 Electric resistance welded pipe 0.85
Electric fusion welded pipe, double butt seam 0.85
Electric fusion welded pipe, single butt seam 0.80
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Table A-1B Basic Quality Factors for Longitudinal Weld Joints in Pipes, Tubes, and Fittings, E; (Cont’d) (10)

These quality factors are determined in accordance with para. 302.3.4(a). See also para. 302.3.4(b) and Table
302.3.4 for increased quality factors applicable in special cases. Specifications, except API, are ASTM.

Spec. No. Class (or Type) Description E(2) Appendix A Notes
Nickel and Nickel Alloy
B 160 Forgings and fittings 1.00 ©)
B 161 Seamless pipe and tube 1.00 R
B 164 Envgingc and FH‘Hngc 100 (o)
B 145 Seamless pipe and tube 1.00
B 147 Seamless pipe and tube 1.00
B 346 Seamless and welded fittings 1.00 (16)
B 4(7 Seamless pipe and tube 1.00
B 444 Seamless pipe and tube 1.00
B 444 Welded pipe 0.80
B 514 Welded pipe 0.80
B 517 Welded pipe 0.80 e
B 544 Nickel alloy forgings 1.00 ©)
B 619 Electric resistance welded pipe 0.85
Electric fusion welded pipe, double butt seam 0.85
Electric fusion welded pipe, single butt"Seam 0.80
B 622 Seamless pipe and tube 1.00
B 626 All Electric resistance welded tube 0.85
Electric fusion welded tube, double butt seam 0.85
Electric fusion welded tubejsingle butt seam 0.80
B 675 All Welded pipe 0.80
B 690 Seamless pipe 1.00
B 705 Welded pipe 0.80
B 725 Electric fusiop~welded pipe, double butt seam 0.85
Electric fusion“welded pipe, single butt seam 0.80
B 729 Seamless pipe and tube 1.00
B 804 1,3,5 Weélded pipe, 100% radiographed 1.00
2, 4 Welded pipe, double fusion welded 0.85
6 Welded pipe, single fusion welded 0.80
Titanigm and Titanium Alloy
B 841 Seamless pipe 1.00
B 842 Welded pipe, double butt seam 0.85
Welded pipe, single butt seam 0.80
Zirconjjum and Zirconium Alloy,
B 523 Seamless tube 1.00
Electric fusion welded tube 0.80
B 648 Seamless pipe 1.00
Electric fusion welded pipe 0.80
Aluminum (Altoy
B 210 Seamless tube 1.00
B 241 Seamless pipe and tube 1.00 cee
B 247 Forgings and fittings 1.00 )
B 345 Seamless pipe and tube 1.00
B 361 Seamless fittings 1.00 e
Welded fittings, 100% radiograph 1.00 (18)(23)
Welded fittings, double butt 0.85 (23)
Welded fittings, single butt 0.80 (23)
B 547 Welded pipe and tube, 100% radiograph 1.00
Welded pipe, double butt seam 0.85
Welded pipe, single butt seam 0.80
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Table A-2 Design Stress Values for Bolting Materials’
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Specified Min.

Min. S h. ksi Min.
Spec. Size Range, Temp., _ Strength, ksi Temp.
Material No. Grade Diam., in. Notes °F (6) Tensile Yield to 100 200 300 400 500 600
Carbon Steel
A6/5 45 81(8g) =20 45 22.5 11.2 11.2 11.2 11.2 11.21 11.2
A 675 50 (8 (8g) =20 50 25 12.5 12.5 12.5 125 12.5| 12.5
A 675 55 (8 (8g) -20 55 27.5 13.7 13.7 13.7 13.7 13.7] 13.7
A307 B (8 (8g) =20 60 13.7 13.7 13.7 13.7 13.7
A 675 60 (8 (8g) -20 60 30 15.0 15.0 15.0 "15.0 15.0( 15.0
A 675 65 (8g) -20 65 32.5 16.2 16.2 16,2.)16.2 16.2| 16.2
A 675 70 (8g) =20 70 35 17.5 17.5, 145 17.5 17.5] 17.5
A325 ... (8g) -20 105 81 19.3 193 19.3 19.3 19.3] 19.3
A 675 80 (8g) -20 80 40 20.0 ,20:0 20.0 20.0 20.0( 20.0
Nuts A194 1 (42) =20
Nuts A194 2,2H (42) =55
. A 194 2HM 42) -55
Nuts A 563 A, hvy hex (42b) -20
Alloy Steel
Cr-0.2Mo A 193 B7M <4 -55 100 80 20.0 20.0 20.0 20.0 20.0( 20.0
Cr-0.20Mo A 320 L7M < 21/2 . -100 100 80 20.0 20.0 20.0 20.0 20.0] 20.0
5Cr A 193 B5 <4 (15) -20 100 80 20.0 20.0 20.0 20.0 20.0( 20.0
Cr—Mo-V A 193 B16 > 21/2, <4 (15) -20 110 95 22.0 22.0 22.0 22.0 22.0] 22.0
. A 354 BC R (15) 0 115 99 23.0 23.0 23.0 23.0 23.0] 23.0
Cr—-Mo A 193 B7 > 21/2, <4 (15) -40 115 95 23.0 23.0 23.0 23.0 23.0] 23.0
Ni—-Cr—Mo A 320 L43 <4 (15) -150 125 105 25.0 25.0 25.0 25.0 25.0] 25.0
Cr—-Mo A320 L7 < 21/2 (15) -150 125 105 25.0 25.0 25.0 25.0 25.0] 25.0
Cr—Mo A 320 L7A, L7B, < 21/2 (15) -150 125 105 25.0 25.0 25.0 25.0 25.0] 25.0
L7C
Cr—-Mo A 193 B7 < 21/2 e -55 125 105 25.0 25.0 25.0 25.0 25.0] 25.0
Cr—Mo-V A 193 B16 < 21/2 (15) -20 125 105 25.0 25.0 25.0 25.0 25.0( 25.0
A 354 BD < 21/2 (15) -20 150 130 30.0 30.0 30.0 30.0 30.0] 30.0
5Cr nuts A194 3 (42) -20
C-Mo nuts A194 4 (42) -150
Cr—Mo nutg A194 7 (42) -150
Cr-Mo nutg A194 7M (42) -150
Stainless Steel
316 A193(/B8M Cl.2 >1Y,,<1% (15)(60) -325 90 50 18.8 16.2 16.2 16.2 16.2] 16.2
316 A320 BsMCl.2 > 11/4, < 11/2 (15)(60) -325 90 50 18.8 16.2 16.2 16.2 16.2] 16.2
304 AA193 B8 Cl 2 > 11/4, < 11/2 (15)(60) -325 100 50 18.8 17.2 16.0 15.0 14.0] 13.4
304 A320 B](Cl 2 1%, <1Y%  (15)(60) —325 100 50 188 172 160 150 1401 13.4
347 A193 B8CCL.2 >1Y%,<1% (15)(60) -325 100 50 18.8 17.8 16.5 16.3 16.3 16.3
347 A320 B8CCL2 > 11/4, < 11/2 (15)(60) -325 100 50 18.8 17.8 16.5 16.3 16.3 16.3
321 A193 B8TCL2 >1Y,<1% (15)(60) -325 100 50 18.8 16.7 16.3 16.3 16.3 16.3
321 A 320 BS8TCL 2 > 11/4, < 11/2 (15)(60) -325 100 50 18.8 16.7 16.3 16.3 16.3 16.3
303 sol. trt. A 320 BS8FCl1 8 (1539 -325 75 30 18.8 13.0 12.0 10.9 10.0 9.3
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Table A-2 Design Stress Values for Bolting Materials®

ASME B31.3-2010

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Design Stress, ksi (1), at Metal Temperature, °F

Spec.

650 700 750 800 850 900 950 1000 1050 1100 1150 1200 Grade No.
Carbon Steel
11.2 [11.0 10.2 9.0 7./ 6.5 45 A 675
125 (121 111 9.6 8.0 6.5 50 A 675
13.7 |13.2 120 102 83 6.5 55 A 675
B A 307
15.0 (143 129 108 8.6 65 ... e 60 A 675
16.2 155 13.8 115 8.9 6.5 4.5 2.5 65 A 675
17.5 [16.6 147 120 9.2 6.5 4.5 2.5 70 A 675
19.3 e A 325
20.0 80 A 675
1 A 194
2,2H A 194
2HM A 194
A, hvy hex A 563
Alloy Steel
20.0 [20.0 20.0 185 16.2 125 8.5 4.5 B7M A 193
20.0 [20.0 200 185 162 125 85 45 ... . e \; L7M A 320
20.0 |[20.0 20.0 185 145 10.4 7.6 5.6 4.2 3.1 2.0 1.3 B5 A 193
220 220 220 220 21.0 185 153 11.0 6.3 2.8 B16 A 193
200 |... ... oo o oo BC A 354
23.0 [23.0 222 200 163 125 8.5 4.5 B7 A 193
25.0 [25.0 L43 A 320
25.0 |25.0 L7 A 320
25.0 L7A, L7B, A 320

L7¢C

250 [25.0 236 21.0 170 125 85 45 ... . B7 A 193
25.0 [25.0 25.0 250 23,5 20.5 16.0 \11.0 6.3 2.8 B16 A 193
30.0 BD A 354
3 A 194
4 A 194
7 A 194
™ A 194
Stajnless Steel
12.5 125 1254125 109 108 107 10.6 B8M Clf 2 A 193
125 [125,~125 125 109 108 107 10.6 B8M Cl| 2 A 320
125 125, <125 125 125 125 125 125 B8 Cl. A 193
125 28 125 125 125 125 125 125 BR (I A 320
131 129 128 127 126 12,6 125 125 B8C Cl. 2 A 193
13.1 129 128 127 126 12,6 125 125 B8C Cl. 2 A 320
133 129 127 125 125 125 125 125 B8T Cl. 2 A 193
133 129 127 125 125 125 125 125 B8T Cl. 2 A 320
89 86 83 8.0 B8F Cl. 1 A 320
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ASME B31.3-2010

Table A-2 Design Stress Values for Bolting Materials’ (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Specified Min.

Min. X Min.
Spec. Size Range, Temp., S"Lth’ks' Temp.

Material No. Grade Diam., in. Notes °F (6) Tensile Yield to 100 200 300 400 500 600
Stainless Steel (Cont’d)
19Cr-9Ni A 453 651B >3 (15)(35) =20 95 50 19.0 19.0 19.0 19.0 19.01 19.0
19Cr-9Ni A 453 651B <3 (15)(35) -20 95 60 19.0 19.0 19.0 19.0 19.0] 19.0
19Cr-9Ni A 453  651A >3 (15)(35) -20 100 60 20.0 20.0 20.0 20.0 20.0] 20.0
19Cr-9Ni A 453  651A <3 (15)(35) -20 100 70 20.0 20.0 20.0 20.0 20.0| 20.0
316 A193 Bs8MC(CL.2 >1,< 11/4 (15)(60) -325 105 65 18.8 16.2 16.2 '\16.2 16.2] 16.2
316 A320 B8MCL.2 >1,< 11/4 (15)(60) -325 105 65 18.8 16.2 16,2.)16.2 16.2] 16.2
347 A 193 B8CCL 2 >1,< 11/4 (15)(60) -325 105 65 18.8 17.2, 16,0 15.0 14.0( 13.4
347 A 320 B8CCl 2 >1,< 11/4 (15)(60) -325 105 65 18.8 17¢2¢ 16.0 15.0 14.0] 13.4
304 A193 B8Cl2 >1,< 11/4 (15)(60) -325 105 65 18.8 167 16.3 16.3 16.3| 16.3
304 A320 B8Cl 2 >1,< 11/,, (15)(60) -325 105 65 18.8.. 716.7 16.3 16.3 16.3] 16.3
321 A 193 BS8TCL 2 >1,< 11/4 (15)(60) -325 105 65 18.8¥ 17.8 16.5 16.3 16.3| 16.3
321 A 320 B8TCl 2 >1,< 11/,, (15)(60) -325 105 65 188 17.8 16.5 16.3 16.3] 16.3
321 A193 B8TClL1 . (8 (15)(28) -325 75 30 18.8 17.8 16.5 15.3 14.3] 13.5
304 A320 B8Cl.1 - (8 (15)(28) —425 75 3Q 18.8 16.7 15.0 13.8 12.9] 121
347 A193 B8CClL1 Ce (8 (15)(28) —425 75 30 18.8 17.9 16.4 15.5 15.0] 14.3
316 A193 B8MCL1 ... (8 (15)(28) -325 75 30 18.8 17.7 15.6 14.3 13.3] 12.6
316 str. hd A193 B8MCL.2 > 3/4, <1 (15)(60) -325 100 80 20.0 20.0 20.0 20.0 20.0] 20.0
316 str. hd A320 BsMCL.2 > 3/4, <1 (15)(60) -325 100 80 20.0 20.0 20.0 20.0 20.0] 20.0
347 str. hd A 193 B8CCl 2 > 3/4, <1 (15)(60) -325 115 80 20.0 17.2 16.0 15.0 14.0] 13.4
347 str. hd A 320 B8CClL 2 > 3/4, <1 (15)(60) =325 115 80 20.0 17.2 16.0 15.0 14.0| 13.4
304 str. hd A193 B8 Cl2 > 3/4, <1 (15)(60) -325 115 80 20.0 20.0 20.0 20.0 20.0] 20.0
304 str. hd A320 B8ClL2 > 3/4, <1 (15)(60) -325 115 80 20.0 20.0 20.0 20.0 20.0( 20.0
321 str. hd A 193 BS8TCL 2 > 3/4, <1 (15)(60) -325 115 80 20.0 20.0 20.0 20.0 20.0] 20.0
321 str. hd A 320 BS8TCL 2 > 3/4, <1 15)(60) -325 115 80 20.0 20.0 20.0 20.0 20.0( 20.0
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Table A-2 Design Stress Values for Bolting Materials® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Design Stress, ksi (1), at Metal Temperature, °F

Spec.
650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.

Stainless Steel (Cont’d)

19.0 [19.0 190 19.0 19.0 190 189 182 ... ... 65IB A 453
19.0 |19.0 190 19.0 190 19.0 189 182 ... ... 6518 A 453
20.0 J20.0 200 20.0 20.0 200 198 19.2 ... e e e e e BN e .. ... (C651A A 453
200 |20.0 200 20.0 200 200 198 19.2 ... e e A e e . A e ... | ,651A A 453
16.2 |16.2 162 162 109 108 107 106 ... . Bsmalf 2 A193
16.2 [16.2 162 162 109 108 107 106 ... ... Bamdlf2 A320
13.8 129 128 127 126 126 125 125 ... ... B8ccl2 A193
13.8 129 128 127 126 126 125 125 ... ... BsCdcl2 A320
163 163 163 163 163 163 163 163 ... ... B8l A193
163 |163 163 163 163 163 163 163 ... ... B8l A320
163 [163 163 163 163 163 163 163 ... ... B8TCLf2 A193
163 |163 163 163 163 163 163 163 ... ... B8TCL[2 A320

133 129 127 125 124 123 121 121 9.6 6.9 5.0 3.6 2.5 L7 11 0.7 0.5 0.3 B8TCL[L A193
120 [11.8 115 112 11.0 108 10.6 104 10.1 9.8 7.7 6.0 4.7 3.7 2.9 2.3 1.8 1.4 B8 CL A320

141 |13.8 137 136 135 135 134 134 121 9.1 6.1 4.4 3.3 2.2 1.5 1.2 0.9 0.8 B8CCl1 A 193
123 121 119 117 116 115 114 113 112 110 9.8 7.4 5.5 4.1 3.1 23 1.7 13 B8mCll 1 A 193
20.0 [20.0 200 200 109 108 10.7 106 ... e o N~ e . e . . ... Bamdlf2 A 193
20.0 J20.0 200 200 109 108 107 106 ... e " e e e N e e ... Bsmayf2 A 320
131 [129 128 127 126 126 125 125 ... ... BsCdl2 A 193
13.1 129 128 127 126 126 125 125 ... ... B8Ccl2 A320
20.0 J20.0 200 20.0 20.0 200 200 200 ... ,C o e e e e . .. ... B8l A 193
20.0 J20.0 200 20.0 20.0 200 200 200 ... L e A e e e e e ... B8l A320
20.0 J20.0 200 20.0 20.0 200 20.0 20.0 .. ¢ e . e e e e e .. ... B8TCL[2 A 193
20.0 ]20.0 200 20.0 20.0 200 20.0 20.0 /. . e A A e N A e ... B8TCLf2 A320
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Table A-2 Design Stress Values for Bolting Materials’ (Cont’d)

ASME B31.3-2010

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Specified Min.

210

Min. S h. ksi Min.
Spec. Size Range, Temp., _ Strength, ksi Temp.
Material No. Grade Diam., in. Notes °F (6) Tensile Yield to 100 200 300 400 500 600
Stainless Steel (Cont’d)
12Cr A 437 B4C (35) -20 115 85 21.2 21.2 21.2 21.2 21.21 21.2
13Cr A 193 B6 <4 (15)(35) -20 110 85 21.2 21.2 212 21.2 21.2| 21.2
14Cr-24Ni A 453 660 A/B .. (15)(35) -20 130 85 21.3 20.7 20.5 20.4 20.3| 20.2
316 str. hd A193 B8MCL2 < 3/4 (15)(60) -325 110 95 22.0 22.0 22.0 220 22.0] 22.0
316 str. hd A320 Bs8MCL2 < 3/4 (15)(60) -325 110 95 22.0 22.0 22.0 "™22.0 22.0( 22.0
347 A193 B8CCl 2 < 3/4 (15)(60) -325 125 100 25.0 25.0 25,0.)25.0 25.0] 25.0
347 A 320 B8CCL 2 < 3/4 (15)(60) -325 125 100 25.0 25.0, 25.0 25.0 25.0( 25.0
304 A193 B8 Cl2 < 3/4 (15)(60) -325 125 100 25.0 1742 16.0 15.0 14.0] 13.4
2304 A320 B8Cl2 < 3/4 (15)(60) -325 125 100 25.0 A7 16.0 15.0 14.0( 13.4
321 A 193 B8TCl 2 < 3/4 (15)(60) -325 125 100 25.0._"25.0 25.0 25.0 25.0] 25.0
321 A 320 BS8TCL 2 < 3/4 (15)(60) -325 125 100 25.0¢¥ 25.0 25.0 25.0 25.0] 25.0
'3 12Cr A 437 B4B (35) =20 145 105 26.2 26.2 26.2 26.2 26.2| 26.2
“12Cr nuts A194 6 35)42) -20
1303 nuts A 194 8FA (42) -20
316 nuts A 194 8MA (42) -325
321 nuts A 194 8TA 42) -325
304 nuts A194 8 42) —425
304 nuts A 194 8A (42) =425
347 nuts A 194 8CA 42) —425
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Table A-2 Design Stress Values for Bolting Materials® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Design Stress, ksi (1), at Metal Temperature, °F

Spec.

650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.
Stainless Steel (Cont’d)
21.2 212 B4C A 437
212 [21.2 212 196 156 120 ... ce. B6 A 193
20.2 [20.1 200 199 199 199 198 19.8 660 A/B A 453
220 220 220 220 109 108 10.7 10.6 B8M Cl| 2 A 193
220 220 220 220 109 108 10.7 10.6 B8M Cl} 2 A 320
25.0 |[25.0 25.0 250 250 250 250 25.0 B8C ClJ2 A 193
25.0 |25.0 25.0 25.0 25.0 25.0 25.0 25.0 B8C Cl|2 A 320
13.1 |11.0 108 105 103 10.1 9.9 9.7 B8 Cl. A 193
13.1 [11.0 108 105 103 10.1 9.9 9.7 B8 Cl. A 320
25.0 |[25.0 25.0 250 250 250 250 25.0 B8T CL.|2 A 193
25.0 |25.0 25.0 25.0 25.0 25.0 25.0 25.0 B8T CL.|2 A 320
26.2 [26.2 B4B A 437
6 A 194
8FA A 194
8MA A 194
8TA A 194
8 A 194
8A A 194
8CA A 194
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Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

ASME B31.3-2010

Table A-2 Design Stress Values for Bolting Materials’ (Cont’d)

ified Mi Min.
Min. Speci |eh l\:l(m Temp.
Size Range, Temp., M to

Material Spec. No. UNS No. or Grade Temper Diam., in. Notes °F(6) Tensile Yield 100 200 300 400
Copper and_Copper Alloy
Naval brass B 21 C46400, C48200, C48500 060 8f -325 50 20 5.0 4.8 4.
Cu B 187 (10200, C11000, C12000, 060 89 -325 30 10 6.7 5(5 5.1

(12200
Cu-Si B 98 C65100 060 (8(52) -325 40 12 8.0 8.0 7.9
Cu-Si B 98 65500, C66100 060 (8f(52) -325 52 15 10:Q 10.0 10.0
Cu-Si B 98 65500, C66100 HO1 ces (8f) -325 55 24 10.0 10.0 10.0
Cu-Si B 98 65500, C66100 HO2 <2 A -325 70 38 10.0 10.0 10.0
Cu-Si B 98 C65100 HO6 >1,< 11/2 -325 75 40 10.0 10.0 10.0
Cu-Si B 98 C65100 HO6 >V, <1 -325 75 45 11.3 11.3 113
Cu-Si B 98 C65100 HO6 <Y -325 85 55 13.7 13.7 13.7
Al-Si-bronze B 150 C64200 HR50 >1,<2 -325 80 42 16.7 140 13.4 11.0
Al-Si-bronze B 150 C64200 HR50 > 1/1, <1 =325 85 42 16.7 140 13.94 11.0
Al-Si-bronze B 150 C64200 HR50 <Y -325 90 42 16.7 140 13.4 11.0
Al-bronze B 150 C61400 HR50 >1,<2 -325 70 32 17.5 175 17,8 175
Al-bronze B 150 C61400 HR50 >V, <1 -325 75 35 17.5 175 17.94 17.5
Al-bronze B 150 C61400 HR50 < 1/2 -325 80 40 17.5 175 17,8 175
Al-bronze B 150 C63000 HR50 >2,<3 -325 85 42.5 20.0 20.0 20.9 20.0
Al-bronze B 150 C63000 M20 >3,<4 -325 85 42.5 20.0 20.0 20.9 20.0
Al-bronze B 150 C63000 HR50 > 1422 -325 90 45 20.0 20.0 20.0 20.0
Al-bronze B 150 C63000 HR50 >Ur< -325 100 50 20.0 20.0 20.9 20.0
Nickel and Nickel Alloy
Low C-Ni B 160 N02201 Ann. hat fin. (8f) -325 50 10 6.7 6.4 6.3 6.2
Ni B 160 N02200 Hat, fin. (8f) -325 60 15 10.0 10.0 10.9 10.0
Ni B 160 N02200 Annealed (8f) -325 55 15 10.0 10.0 10.9 10.0
Ni B 160 N02200 Cold drawn -325 65 40 10.0 10.0 10.94 10.0
Ni-Cu B 164 N04400 C.D./str. rel. (54) -325 84 50 12.5 125 129 125
Ni-Cu B 164 N04405 Cold drawn (54) -325 85 50 12,5 125 1254 125
Ni-Cu B 164 N04400 Cold drawn (54) -325 85 55 13.7 13.7 13.4 137
Ni-Cu B 164 N0440Q/NO4405 Annealed 89 -325 70 25 16.6  14.6 13.4 13.2
Ni-Cu B 164 NO4405 Hot fin. Rod <3 ces -325 75 35 18.7 18.7 18.71] 187
Ni-Cu B 164 NO4400 Hot fin. 21/8 <hex.<4 (8f) -325 75 30 18.7 18.7 18.1 187
Ni-Cu B 164 N04400 Hot fin. All except -325 80 40 20.0 20.0 20.0 20.0
hex. > 2%
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Table A-2 Design Stress Values for Bolting Materials® (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Design Stress, ksi (1), at Metal Temperature, °F

UNS No.

or Spec.

500 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 Grade No.
Copper and Copper Alloy

C46400,)4tc. B 21
C10200, gtc. B 187

C65100 B 98

65500, gtc. B 98

C65500, gtc. B 98

65500, gtc. B 98

C65100 B 98

C65100 B 98

C65100 B 98
5.2 1.7 C64200 B 150
5.2 1.7 C64200 B 150
5.2 1.7 C64200 B 150
16.8 C61400 B 150
16.8 C61400 B 150
16.8 C61400 B 150
19.4 12.0 8.5 6.0 C63000 B 150
19.4 12.0 8.5 6.0 C63000 B 150
19.4 12.0 8.5 6.0 C63000 B 150
19.4 12.0 8.5 6.0 C63000 B 150
Nickel and Nickel Alloy
6.2 6.2 6.2 6.2 6.0 5.9 5.8 4.8 3.7 3.0 2.4 2.0 1.5 1.2 N02201 B 160
9.5 8.3 N02200 B 160
10.0 10.0 N02200 B 160
10.0 10.0 N02200 B 160
12.5 N04400 B 164
12.5 N04405 B 164
13.7 N04400 B 164
13.1 13.1 131 13.1 13.0 12.7 11.0 8.0 N04400, ¢tc. B 164
18.7 18.7 18,7 18.0 17.2 14.5 8.5 4.0 N04405 B 164
17.8 17.4 172 17.0 16.8 14.5 8.5 4.0 N04400 B 164
20.0 20.0 20.0 19.2 18.5 14.5 8.5 4.0 N04400 B 164
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Table A-2 Design Stress Values for Bolting Materials’ (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

ified Mi Min.
Min. Speci |eh ﬂ:\(m Temp.
Size Range, Temp., M to
Material ~ Spec. No. UNS No. or Grade Temper Diam., in. Notes °F(6) Tensile Yield 100 200 300 400
Nickel and Nickel Alloy (Cont’d)
Ni-Cr-Fe B166  N06600 Cold drawn Rod <3 (@1)(54) -325 105 80 0.0 95,899 9.1
Ni-Cr-Fe B166  N06600 Hot fin. Rod <3 -325 90 40 10.0 965N 9.2 9.1
Ni-Cr-Fe B166  N06600 Annealed . -325 80 35 20.0 2007 20.00 20.0
Ni-Cr-Fe B166  N06600 Hot fin. Rod > 3 -325 85 35 212009212 219 212
Ni-Mo B335  N10001 Annealed -325 100 46 250 250 25.0 24.7
Ni-Mo-Cr B574  N10276 Sol. ann. -325 100 41 25.0 250 25.00 21.2
Aluminum Alloy
B211 6061 T6, T651 wid.  >%, <8 @H43)(63)  -452 24 ... 4.8 48 48 35
B211 6061 T6, T651 >, <8 (43)(63) -452 42 35 84 84 84 44
B211 2024 T4 >6Y%,<8 “3)(63) ~452 58 38 9.5 9.5 9.5 4.2
B211 2024 T4 > 4%, < 6 43)(63) 2452 62 40 100 10.0 10.00 4.5
B211 2024 T4 >, <4Y, 43)(63) ~452 62 42 10.5 105 104 4.5
B211 2024 T4 >V, <% (43)(63) -452 62 45 113 113 104 45
B211 2014 6, T651 >, <8 #3)(63) -452 65 55 13.0  13.0 114 3.9
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Table A-2 Design Stress Values for Bolting Materials® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Design Stress, ksi (1), at Metal Temperature, °F

UNS No.

or Spec.

500 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 Grade No.
Nickel and Nickel Alloy (Cont’d)
9.1 N06600 B 166
9.1 9.1 9.0 8.9 8.9 8.8 8.7 8.6 8.5 8.3 7.8 7.3 6.4 5.5 e e N06600 B 166
20.0 20.0 19.8 19.6 19.4 19.1 18.7 16.0 10.6 7.0 4.5 3.0 2.2 2.2 ce ce N06600 B 166
21.2 21.2 21.1 21.1 21.0 20.4 20.2 19.5 19.3 14.5 10.3 7.3 5.8 5.5 e ot N06600 B 166
24.3 23.7 23.4 23.0 22.8 22.5 N10001 B 335
20.0 18.8 18.3 17.8 17.4 17.1 16.8 16.6 16.5 16.5 N10276 B 574
Alurpinum Alloy
6061 B 211
6061 B 211
2024 B 211
2024 B 211
2024 B 211
2024 B 211
2014 B 211
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TABLE A-3 (10)
Table A-3 is available for review and download at

http://go.asme.org/B313
and will be published in the 2012 Edition.

217


https://asmenormdoc.com/api2/?name=ASME B31.3 2010.pdf

ASME B31.3-2010

APPENDIX B
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Specification Index for Appendix B

Spec. No. Title [Note (1)]

ASTM

C 361 Reinforced Concrete Low-Head Pressure Pipe

C 582 Contact-Molded Reinforced Thermosetting Plastic (RTP) Laminates for Corrosion Resistant
Equipment

C 599 Process Glass Pipe and Fittings

D 1785 PVC Plastic Pipe, Schedules 40, 80, and 120

D 2104 PE Plastic Pipe, Schedule 40

D 2239 PE Plastic Pipe (SIDR-PR) Based on Controlled Inside Diameter

D 2241 PVC Plastic Pressure-Rated Pipe (SDR Series)

D 2447 PE Plastic Pipe, Schedules 40 and 80, Based on Outside Diameter

D 2513 Thermoplastic Gas Pressure Pipe, Tubing and Fittings

D 2517 Reinforced Epoxy Resin Gas Pressure Pipe and Fittings

D 2662 PB Plastic Pipe (SDR-PR)

D 2666 PB Plastic Tubing

D 2672 Joints for IPS PVC Pipe Using Solvent Cement

D 2737 PE Plastic Tubing

D 2846 CPVC Plastic Hot- and Cold-Water Distribution Systems

D 2996 Filament-Wound Fiberglass RTR Pipe [Note (2)]

D 2997 Centrifugally Cast RTR Pipe [Note (2)]

D 3000 PB Plastic Pipe (SDR-PR) Based on Outside Diameter

D 3035 PE Plastic Pipe (DR-PR) Based on Controlled Outside Diameter

D 3309 PB Plastic Hot- and Cold-Water Distribution Systems

D 3517 Fiberglass RTR Pressure Pipe [Note (2)]

D 3754 Fiberglass RTR Sewer and Industrial Pressure Pipe [Note (2)]

F 441 CPVC Plastic Pipe, Schedules 40 and 80

F 442 CPVC Plastic Pipe (SDRPR)

AWWA

C300 Reinforced Concrete Pressure Pipe, Steel Cylinder Type, for Water and Other Liquids

€301 Prestréssed Concrete Pressure, Pipe Steel Cylinder Type, for Water and Other Liquids

€302 Reinforced Concrete Pressure Pipe, Noncylinder Type

€950 Fiberglass Pressure Pipe

GENERAL™NOTE: It is not practical to refer to a specific edition of each standard throughout the Code
textiInstead, the approved edition references, along with the names and addresses of the sponsoring
organizations, are shown in Appendix E.

NOTES:

(1) For names of plastics identified only by abbreviation, see para. A326.4.

(2) The term fiberglass RTR takes the place of the ASTM designation “fiberglass” (glass-fiber-reinforced

rierrmosetirng resirj.
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NOTES FOR APPENDIX B TABLES

NOTES:

(1) These recommended limits are for low pressure applications with water and other fluids that do not significantly affect the properties
of the thermoplastic. The upper temperature limits are reduced at higher pressures, depending on the combination of fluid and
expectdd service life. Lower temperature limits are affected more by the environment, safeguarding, and installation conditions.tfan by
strength.

(2) These fecommended limits apply only to materials listed. Manufacturers should be consulted for temperature limits on specific types
and kirlds of materials not listed.

(3) Use thgse hydrostatic design stress (HDS) values at all lower temperatures.

(4) The intent of listing in this Table is to include all the types, grades, classes, and hydrostatic design bases in thelisted specificat|ons.
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Table B-1 Hydrostatic Design Stresses (HDS) and Recommended Temperature Limits for

ASME B31.3-2010

Thermoplastic Pipe

Recommended
Temperature
Limits [Notes (1), (2)]

Hydrostatic Design Stress at

ASTM - . 23°C 73°F o o o o
Spec. Material Cell Minimum  Maximum [Note (3)] [Note (3)] 38°C 100°F 82°C 180°F
No. Pipe Designation Designation Class °C °F °C °F MPa ksi MPa ksi MPa ksi
PR ABS 43232 -40 -40 80 176
D 284 SDR11 CPVC4120 23447 ... A 82 180 13.8 2.0 3.45 0.5
F 441 Sch. 40 CPVC4120 23447 23 73 93.3 200 13.8 2.0 3.45 0.5
F 441 Sch. 80 CPVC4120 23447 23 73 93.3 200 13.8 2.0 . oo 3.45 0.5
F 442 SDR-PR CPVC4120 23447 23 73 93.3 200 13.8 2.0 113 1.64 3.45 0.5
D 330p SDR11 PB2110 23 73 93.3 200 6.9 1.0 3.45 0.5
D 210 Sch. 40 PE1404 23 73 2.76 0.40
D 210 Sch. 40 PE2305 23 73 3.45 0:50
D 210 Sch. 40 PE2306 23 73 4.34 0J63
D 210 Sch. 40 PE2406 23 73 4.34 0.63
D 210 Sch. 40 PE3306 23 73 4.34 0.63
D 210 Sch. 40 PE3406 23 73 434 0.63
D 223p SIDR-PR PE1404 23 73 2.76 0.40
D 223p SIDR-PR PE2305 23 73 3.45 0.50
D 223p SIDR-PR PE2306 23 73 4.34 0.63
D 223p SIDR-PR PE2406 23 73 4.34 0.63
D 223p SIDR-PR PE3306 23 73 4.34 0.63
D 223p SIDR-PR PE3406 23 73 4.34 0.63
D 223p SIDR-PR PE3408 23 73 5.51 0.80
D 244y Sch. 40 and 80 PE1404 23 73 2.76 0.40
D 2447 Sch. 40 and 80 PE2305 23 73 3.45 0.50
D 244y Sch. 40 and 80 PE2306 23 73 4.34 0.63
D 2447 Sch. 40 and 80 PE2406 23 73 4.34 0.63
D 244y Sch. 40 and 80 PE3306 23 73 4.34 0.63
D 2447 Sch. 40 and 80 PE3406 23 73 4.34 0.63
D 273 SDR7.3, SDR9, SDR11 PE2305 23 73 3.45 0.50
D 273 SDR7.3, SDR9, SDR11 PE2306 23 73 4.34 0.63
D 273 SDR7.3, SDR9, SDR11 PE2406 23 73 4.34 0.63
D 2737 SDR7.3, SDR9, SDR11 PE3306 23 73 4.34 0.63
D 273 SDR7.3, SDR9, SDR11 PE3406 23 73 4.34 0.63
D 2737 SDR7.3, SDR9, SDR11 PE3408 23 73 5.51 0.80
D 3035 DR-PR PE1404 23 73 2.76 0.40
D 3035 DR-PR PE2606 23 73 4.34 0.63
D 3035 DR-PR PE2708 23 73 5.51 0.80
D 3036 DR-PR PE3608 23 73 5.51 0.80
D 3035 DR-PR PE3708 23 73 5.51 0.80
D 303p -DR-PR PE3710 23 73 6.89 1.00
D 3035_DR-PR PEAAQS 23 Z3 551 030
D 3035 DR-PR PE4708 23 73 5.51 0.80
D 3035 DR-PR PE4710 23 73 6.89 1.00
F714 SDR-PR PE1404 23 73 2.76 0.40
F714 SDR-PR PE2606 23 73 4.34 0.63
F714 SDR-PR PE2708 23 73 5.51 0.80
F714 SDR-PR PE3608 23 73 5.51 0.80
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Table B-1 Hydrostatic Design Stresses (HDS) and Recommended Temperature Limits for

Thermoplastic Pipe (Cont’d)

Recommended
Temperature
Limits [Notes (1), (2)] Hydrostatic Design Stress at

23°C 73°F

ngJZT Material Cell Minimum  Maximum [Note (3)] [Note (3)] 38°C 100°F 82°C
No. Pipe Designation Designation Class °C °F °C  °F MPa ksi MPa ksi MPa

F714 SPR-PR PE3708 Ce 23 73 oo 5.51 0.80

F714 SPR-PR PE3710 A 23 73 el e 6.89 1.00

F714 SPR-PR PE4608 Ce 23 73 e 5.51 0.80

F714 SPR-PR PE4708 A 23 73 e e 5.51 0.80

F714 SPR-PR PE4710 e 23 73 oo 6.89 1.00

D 1785 Sth. 40, 80, 120 PVC1120 12454 23 73 e 13.8 2.00

D 1785 Sth. 40, 80, 120 PVC1220 12454 23 73 e e 13.8 2.00

D 1785 Sth. 40, 80, 120 PVC2120 14333 23 73 el e 13.8 2.00

D 1785 Sth. 40, 80, 120 PVC2116 14333 23 73 e 11.0 1.60

D 1785 Sth. 40, 80, 120 PVC2112 14333 23 73 el e 8.6 1.25

D 1785 Sth. 40, 80, 120 PVC2110 14333 23 73 cee 6.9 1.00

D 2241 PR (SDR series) PVC1120 12454 23 73 e e 13.8 2.00

D 2241 PR (SDR series) PVC1220 12454 23 73 oo 13.8 2.00

D 2241 PR (SDR series) PVC2120 14333 23 73 e e 138 2.00

D 2241 PR (SDR series) PVC2116 14333 23 73 e 11,0 1.60

D 2241 PR (SDR series) PVC2112 14333 23 73 e e 8.6 1.25

D 2241 PR (SDR series) PVC2110 14333 23 73 oo 6.9 1.00

Table B-2 Listed Specifications for Laminated
Reinforced Thermosetting Resin Pipe*

Spec. No.

ASTM C 582

Table B-3 . Listed Specifications for Filament Wound and Centrifugally Cast
Reinforced Thermosetting Resin and Reinforced Plastic Mortar Pipe*

Spec. Nos. (ASTM Except as Noted)

D 2517 D 2997 D 3754
D 2996 D 3517 AWWA (950
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Table B-4 Allowable Pressures and Recommended

Temperature Limits for Concrete Pipe

Recommended
Allowable Gage Temperature Limits [Note|(2)]
Pressure Minimum Maximum
Sped. No. Material Class kPa psi °C °F °C °F
25 69 10
50 138 20
ASTM [C 361 Reinforced concrete 75 205 30
100 275 40
125 345 50
AWWA C300 Reinforced concrete 1795 260
AWWA C301 Reinforced concrete Lined 1725 250
cylinder
AWWA C301 Reinforced concrete Embedded 2 415 350
cylinder
AWWA C302 Reinforced concrete 310 45
Table B-5. "Allowable Pressures and Recommended
Temperature Limits for Borosilicate Glass Pipe
Recommended
ASTM Allowable Temperature Limits [Note (2)]
Spec Size Range Gage Pressure Minimum Maximum
No. Material DN NPS kPa psi °C °F °C °F
8-15 Y= 690 100
20 A 515 75
C 599 Boresilicate glass 25-80 1-3 345 50 232 450
100 4 240 35
150 6 138 20
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(100 Table B-6

ASME B31.3-2010

Allowable Pressures and Recommended Temperature Limits for PEX-AL-PEX and PE-AL-PE Pipe

Maximum
Allowable Gage Temperature Limits
ASTM Size Range Pressure [Note (2)]
Spec. No. Material mm in. kPa psi °C °F
F 1281 PEX-AL-PEX 9.12-60.75 Y=2Y, 1379 200 23 73.4
1103 160 60 140
862 125 82.2 180
F 1282 PE-ACPE 9.17-60.75 =75 T 379 700 73 73.4
1103 160 60 40
862 100 82.2 80
F 1974 Metal insert fittings for 12.16-25.32 Y1 862 125 82 80
PEX-AL-PEX systems
Metal insert fittings for 12.16-25.32 -1 1103 160 60 40
PE-AL-PE systems 862 125 82 80
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ASME B31.3-2010

APPENDIX C

GENERAL NOTE:

to SI m

etric units

NOTE FOR APPENDIX C TABLES

Tables C-2, C-4, and C-7 containing data in Sl units are not included at this time. To convert datd iny U.S. Cust|

(a) |determine the Fahrenheit equivalent of the given Celsius temperature

(b) linterpolate in the desired table to calculate the expansion or modulus value in U.S. units
(©(@) for Table C-1, multiply the value (in./100 ft) by 0.833 to obtain the total linear thermal expansiép”(mm/m) between 2

given femperature

21°C

nd the given temperature

(2) for Table C-3, multiply the value (win./in.-°F) by 1.80 to obtain the mean coefficient of linearthermal expansion (um/m-§

(3) for Table C-6, multiply the value in Msi by 6 895 to obtain the modulus of elasticity in)MPa at the given temperature

pbmary units

°C and the

C) between
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(10) Table C-1 Total Thermal Expansion, U.S. Units, for Metals
Total Linear Thermal Expansion Between 70°F and Indicated Temperature, in./100 ft
Material
Carbon Steel Austenitic
Carbon-Moly-  5Cr-Mo Stainless 12Cr, UNS Copper Titanium
Temp., Low-Chrome Through Steels 17Cr, N04400 and Gr. 1,2,3,7, Titanium UNS
°F  (Through 3Cr-Mo) 9Cr-Mo 18Cr-8Ni 27Cr 25Cr-20Ni 67Ni-30Cu 3/,Ni Copper Alloys 11,12,16,17 Gr.9 N10675
-450 -3.93
—425 3-93
-400 -3.91
-375 -3.87
-350 -3.79
-325 -2.37 -2.22 -3.85 -2.04 - -2.62 -2.25 -3.67
-300 -2.24 -2.10 -3.63 -1.92 e -2.50 -2.17 -3.53
-275 -2.11 -1.98 -3.41 -1.80 - -2.38 -2.07 -3.36
-250 -1.98 -1.86 -3.19 -1.68 . -2.26 -1.96 -3.17
=225 -1.85 -1.74 -2.96 -1.57 . -2.14 -1.86 -2.97
-200 -1.71 -1.62 -2.73 -1.46 - -2.02 -1.76 -2.76
-175 -1.58 -1.50 -2.50 -1.35 e -1.90 -1.62 -2.53
-150 -1.45 -1.37 -2.27 -1.24 A -1.79 -1.48 -230
-125 -1.30 -1.23 -2.01 -1.11 - -1.59 -1.33 -2.06
-100 -1.15 -1.08 -1.75 -0.98 . -1.38 117 -1.81
=75 -1.00 -0.94 -1.50 -0.85 Ce -1.18 <1501 -1.56
-50 -0.84 -0.79 -1.24 -0.72 - -0.98 -0.84 -1.30
=25 -0.68 -0.63 -0.98 -0.57 - -0.77 -0.67 -1.04
0 -0.49 -0.46 -0.72 -0.42 . =0.57 -0.50 -0.77
25 -0.32 -0.30 -0.46 -0.27 - =0.37 -0.32 -0.50
50 -0.14 -0.13 -0.21 -0.12 e -0.20 -0.15 -0.22
70 0 0 0 0 Q 0 0 0 0 0 0
100 0.23 0.22 0.34 0.20 0.32 0.28 0.23 0.34 0.20 0.20 0.20
125 0.42 0.40 0.62 0.36 0.58 0.52 0.42 0.63 0.35 0.35 0.40
150 0.61 0.58 0.90 0.53 0.84 0.75 0.61 0.91 0.50 0.50 0.60
175 0.80 0.76 1.18 0.69 1.10 0.99 0.81 1.20 0.60 0.65 0.75
200 0.99 0.94 1.46 0.86 1.37 1.22 1.01 1.49 0.70 0.80 0.90
225 1.21 1.13 1475 1.03 1.64 1.46 1.21 1.79 0.85 0.95 1.10
250 1.40 1.33 2.03 1.21 1.91 1.71 1.42 2.09 1.00 1.10 1.30
275 1.61 .52 2.32 1.38 2.18 1.96 1.63 2.38 1.15 1.25 1.45
300 1.82 171 2.61 1.56 2.45 2.21 1.84 2.68 1.30 1.40 1.60
325 2.04 1.90 2.90 1.74 2.72 2.44 2.05 2.99 1.45 1.55 1.80
350 2.26 2.10 3.20 1.93 2.99 2.68 2.26 3.29 1.60 1.70 2.00
375 248 2.30 3.50 2.11 3.26 2.91 2.47 3.59 1.75 1.85 2.20
400 2.70 2.50 3.80 2.30 3.53 3.25 2.69 3.90 1.90 2.00 2.40
425 2.93 2.72 4.10 2.50 3.80 3.52 2.91 4.21 2.05 2.15 2.60
450 3.16 2.93 4.41 2.69 4.07 3.79 3.13 4.51 2.20 2.30 2.80
475 3.39 3.14 4.71 2.89 4.34 4.06 3.35 4.82 2.35 2.45 3.00
500 3.62 3.35 5.01 3.08 4.61 4.33 3.58 5.14 2.50 2.60 3.20
525 3.86 3.58 5.31 3.28 4.88 4.61 3.81 5.45 2.65 2.75 3.40
550 4.11 3.80 5.62 3.49 5.15 4.90 4.04 5.76 2.80 2.90 3.60
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Table C-1 Total Thermal Expansion, U.S. Units, for Metals

Material
UNS UNS UNS
NO8XXX NO6XXX N06035 UNS
Gray Series Series Series N06200 Ductile Temp.,
Aluminum Cast Iron Bronze Brass 70Cu-30Ni Ni-Fe-Cr Ni-Cr-Fe Ni-Cr-Mo Ni-Cr-Mo Iron °F
-450
—425
-400
=375
-350
-4.68 -3.98 -3.88 -3.15 -325
-4.46 -3.74 -3.64 -2.87 -300
-4p1 -3.50 -3.40 -2.70 =275
-3.p7 -3.26 -3.16 -2.53 -250
-3J1 -3.02 -2.93 -2.36 .. =225
-3.h4 -2.78 -2.70 -2.19 -1.51 =200
-3.16 -2.54 -2.47 -2.12 -1.41 =175
-2.88 -2.31 -2.24 -1.95 -1.29 -150
-2.p7 -2.06 -2.00 -1.74 -1.16 -125
-2.p7 -1.81 -1.76 -1.53 -1.04 -100
-1.p7 -1.56 -1.52 -1.33 -0.91 =75
-1.67 -1.32 -1.29 -1.13 -0.77 =50
-1.82 -1.25 -1.02 -0.89 -0.62 =25
-0.p7 -0.77 -0.75 -0.66 -0.46 0
-0.63 -0.49 -0.48 -0.42 -0.23 25
-0.28 -0.22 -0.21 -0.19 -0.14 50
0 0 0 0 0 0 0 0 0 0 70
0.1:6 0.21 0.36 0.35 0.31 0.28 0.26 0.24 0.25 0.21 100
0.B5 0.38 0.66 0.64 0.56 0.52 0.48 0.44 0.46 0.39 125
1.p3 0.55 0.96 0.94 0.82 0.76 0.70 0.65 0.66 0.57 150
1.p2 0.73 1.26 1.23 1.07 0.99 0.92 0.86 0.87 0.76 175
2.p0 0.90 1.56 1.52 1.33 1.23 1.15 1.06 1.08 0.94 200
2.41 1.08 1.86 1.83 1.59 1.49 1.38 1.27 1.28 1.13 225
2.B3 1.27 207 2.14 1.86 1.76 1.61 1.49 1.49 1.33 250
3.p4 1.45 2.48 2.45 2.13 2.03 1.85 1.70 1.70 1.53 275
3.p7 1.64 2.79 2.76 2.40 2.30 2.09 1.91 1.90 1.72 300
4.p9 1.83 3.11 3.08 2.68 2.59 2.32 2.13 2.11 1.93 325
4.62 2.03 3.42 3.41 2.96 2.88 2.56 2.35 2.32 2.13 350
4.p5 2.22 3.74 3.73 3.24 3.18 2.80 2.57 2.53 2.36 375
5.B9. 2.42 4.05 4.05 3.52 3.48 3.05 2.79 2.73 2.56 400
5.B3 2.62 4.37 4.38 3.76 3.29 3.01 2.94 2.79 425
6.28 2.83 4.69 4.72 4.04 3.53 3.24 3.15 3.04 450
6.72 3.03 5.01 5.06 4.31 3.78 3.46 3.37 3.28 475
7.17 3.24 5.33 5.40 4.59 4.02 3.69 3.59 3.54 500
7.63 3.46 5.65 5.75 4.87 4.27 3.92 3.80 3.76 525
8.10 3.67 5.98 6.10 5.16 4.52 4.15 4.02 3.99 550
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(10) Table C-1 Total Thermal Expansion, U.S. Units, for Metals (Cont’d)
Total Linear Thermal Expansion Between 70°F and Indicated Temperature, in./100 ft
Material
Carbon Steel Austenitic
Carbon-Moly-  5Cr-Mo Stainless 12Cr, UNS Copper Titanium
Temp., Low-Chrome Through Steels 17Cr, N04400 and Gr. 1,2,3,7, Titanium UNS
°F  (Through 3Cr-Mo) 9Cr-Mo 18Cr-8Ni 27Cr 25Cr-20Ni 67Ni-30Cu 3/,Ni Copper Alloys 11,12,16,17 Gr.9 N10675
575 4.35 4.02 5.93 3.69 5.42 5.18 4.27 6.07 2.95 3.10 3.80
600 /‘_Lﬁ /‘_’)/‘ A.’7/. Q_Oﬁ E_(O E'IAA /‘.En 4'{\0 1'1{\ Q.Qf\ 400
625 4.86 4.47 6.55 4.10 5.96 5.75 4.74 - 3.25 - 4.20
650 5.11 4.69 6.87 4.31 6.23 6.05 4.98 Ce 3.40 .~ 4.40
675 5.37 4.92 7.18 4.52 6.50 6.34 5.22 Ce 3.60 Y. 4.65
700 5.63 5.14 7.50 4.73 6.77 6.64 5.46 - 3.80 . 4.90
725 5.90 5.38 7.82 4.94 7.04 6.94 5.70 e 3.95 ce 5.10
750 6.16 5.62 8.15 5.16 7.31 7.25 5.94 A 4300 . 5.30
775 6.43 5.86 8.47 5.38 7.58 7.55 6.18 . 4.30 - 5.50
800 6.70 6.10 8.80 5.60 7.85 7.85 6.43 Ce 4.50 A 5.70
825 6.97 6.34 9.13 5.82 8.15 8.16 6.68 e Ce - 5.90
850 7.25 6.59 9.46 6.05 8.45 8.48 6.93 ~ N e . 6.10
875 7.53 6.83 9.79 6.27 8.75 8.80 7.18 - - - 6.30
900 7.81 7.07 10.12 6.49 9.05 9.12 7.43 - . . 6.50
925 8.08 7.31 10.46 6.71 9.35 9.44 7268 - - - 6.70
950 8.35 7.56 10.80 6.94 9.65 9.77 7493 e . . 6.90
975 8.62 7.81 11.14 7.17 9.95 10.09 8.17 Ce Ce . 7.10
1000 8.89 8.06 11.48 7.40 10.25 10.42 8.41 - - R 7.30
1025 9.17 8.30 11.82 7.62 10.55 10.75 . . Ce ce 7.50
1050 9.46 8.55 12.16 7.95 10.85 11.09 A R R . 7.70
1075 9.75 8.80 12.50 8.18 11.15 11.43 . - - - 7.90
1100 10.04 9.05 12.84 8.31 TL45 11.77 . C Ce . 8.10
1125 10.31 9.28 13.18 8.53 11.78 12.11 . - - - 8.30
1150 10.57 9.52 13.52 8.76 12.11 12.47 . . Ce Ce 8.50
1175 10.83 9.76 13.86 8.98 12.44 12.81 . Ce A Ce 8.75
1200 11.10 10.00 14.20 9.20 12.77 13.15 . - - - 9.00
1225 11.38 10.26 14.54 9.42 13.10 13.50 ce C. Ce . 9.20
1250 11.66 10.53 144,88 9.65 13.43 13.86 . Ce - - 9.40
1275 11.94 10.79 15.22 9.88 13.76 14.22 . - Ce - 9.65
1300 12.22 14.06 15.56 10.11 14.09 14.58 A e A . 9.90
1325 12.50 1130 15.90 10.33 14.39 14.94 . Ce A AN 0.10
1350 12.78 11.55 16.24 10.56 14.69 15.30 e . . . 0.50
1375 13.06 11.80 16.58 10.78 14.99 15.66 - - - - 0.80
1400 13°34 12.05 16.92 11.01 15.29 16.02 A . . - 1.10
1425 17.30 1.50
1450 17.69 1.90
1475 18.08 12.30
1500 18.47 12.70

GENERAL NOTE: For Code references to this Appendix, see para. 319.3.1. These data are for use in the absence of more applicable data. It
is the designer’s responsibility to verify that materials are suitable for the intended service at the temperatures shown.
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Table C-1 Total Thermal Expansion, U.S. Units, for Metals (Cont’d) (10)
Total Linear Thermal Expansion Between 70°F and Indicated Temperature, in./100 ft
Material
UNS UNS UNS
NOSXXX NO6XXX N06035 UNS
Gray Series Series Series N06200 Ductile Temp.,
Aluminum Cast Iron Bronze Brass 70Cu-30Ni Ni-Fe-Cr Ni-Cr-Fe Ni-Cr-Mo Ni-Cr-Mo Iron °F

8.56 3.89 6.31 6.45 ... 5.44 4.77 4.39 4.24 4.22 575
9.'\1 /..1 1 A'A/‘ A_Qn —— E'7’) E_{\') /.'L’) /..IAL /A'/l/l 600
4.34 6.96 7.16 ... 6.01 5.27 4.86 4.68 466 625
4.57 7.29 7.53 ... 6.30 5.53 5.09 4.91 4,90 650
4.80 7.62 7.89 ... 6.58 5.79 5.33 5.13 5.14 675
5.03 7.95 8.26 .. 6.88 6.05 5.58 5.36 5.39 700
5.26 8.28 8.64 ... 7.17 6.31 5.82 559 5.60 725
5.50 8.62 9.02 ... 7.47 6.57 6.06 5.83 5.85 750
5.74 8.96 9.40 o 7.76 6.84 6.31 6.06 6.10 775
5.98 9.30 9.78 ... 8.06 7.10 6.56 6.30 6.35 800
6.22 9.64 10.17 ... 8.35 ... 6.81 6.54 6.59 825
6.47 9.99 10.57 ... 8.66 ... 7.06 6.78 6.85 850
6.72 10.33 10.96 ... 8.95 ... 7.31 7.02 7.09 875
6.97 10.68 11.35 ... 9.26 e 7.57 7.29 7.35 900
7.23 11.02 11.75 ... 9.56 " 7.82 7.51 7.64 925
7.50 11.37 12.16 . 9.87 V.. 8.08 7.76 7.86 950
7.76 11.71 12.57 o 10.18 o 8.34 8.01 8.11 975
8.02 12.05 12.98 ... 10.49 ... 8.60 8.26 8.35 1000
12.40 13.39 ... 10:80 o 8.87 8.52 ... 1025
12.76 13.81 ... 1.11 ... 9.13 8.77 - 1050
13.11 14.23 ... 11.42 . 9.40 9.02 . 1075
13.47 14.65 NG 11.74 ... 9.67 9.28 ... 1100
12.05 ... 9.94 9.53 .. 1125
12.38 ... 10.21 9.79 . 1150
12.69 ... 10.48 10.05 ... 1175
13.02 ... 10.75 10.30 .. 1200
13.36 1225
13.71 1250
14.04 1275
14.39 1300
14.74 1325
15.10 1350
15.44 1375
15.80 1400
16.16 1425
16.53 1450
16.88 1475
17.25 1500
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Table C-3 Thermal Coefficients, U.S. Units, for Metals
Mean Coefficient of Linear Thermal Expansion Between 70°F and Indicated Temperature, pin./in.-°F

ASME B31.3-2010

Material
Carbon Steel Austenitic
Carbon-Moly-  5Cr-Mo Stainless 12Cr, UNS Copper Titanium
Temp., Low-Chrome Through Steels 17Cr, N04400 and Gr. 1,2,3,7, Titanium UNS
°F  (Through 3Cr-Mo) 9Cr-Mo 18Cr-8Ni 27Cr 25Cr-20Ni 67Ni-30Cu 3/,Ni Copper Alloys 11,12,16,17 Gr.9 N10675
-450 6.30
_425 4.41
-400 6.93
=375 7.24
-350 7.51
-325 5.00 4.70 8.15 4.30 5.55 4.76 7.74
-300 5.07 4.77 8.21 4.36 5.72 4.90 7.94
=275 5.14 4.84 8.28 4.41 5.89 5.01 8.11
-250 5.21 4.91 8.34 4.47 6.06 5.15 8.26
=225 5.28 4.98 8.41 4.53 6.23 5.30 8.40
-200 5.35 5.05 8.47 4.59 6.40 5.45 8.51
=175 5.42 5.12 8.54 4.64 6.57 5.52 8.62
-150 5.50 5.20 8.60 4.70 6.75 5.59 872
-125 5.57 5.26 8.66 4.78 6.85 5.67. 8.81
-100 5.65 5.32 8.75 4.85 6.95 578 8.89
-75 5.72 5.38 8.83 4.93 7.05 5.83 8.97
=50 5.80 5.45 8.90 5.00 7.15 5.88 9.04
=25 5.85 5.51 8.94 5.05 7.22 5.94 9.11
0 5.90 5.56 8.98 5.10 Z.28 6.00 9.17
25 5.96 5.62 9.03 5.14 7.35 6.08 9.23
50 6.01 5.67 9.07 5.19 7.41 6.16 9.28
70 6.07 5.73 9.11 5.24 7.48 6.25 9.32 4.60 4.70 5.70
100 6.13 5.79 9.16 5.29 7.55 6.33 9.39 4.70 4.70 5.70
125 6.19 5.85 9.20 5.34 7.62 6.36 9.43 4.70 4.75 5.75
150 6.25 5.92 9.25 5.40 7.70 6.39 9.48 4.70 4.80 5.80
175 6.31 5.98 9.29 5.45 A 7.77 6.42 9.52 4.70 4.80 5.80
200 6.38 6.04 9.34 5.50 8.79 7.84 6.45 9.56 4.70 4.80 5.80
225 6.43 6.08 Q37 5.54 8.81 7.89 6.50 9.60 4.75 4.85 5.85
250 6.49 6.12 9.41 5.58 8.83 7.93 6.55 9.64 4.80 4.90 5.90
275 6.54 6015 9.44 5.62 8.85 7.98 6.60 9.68 4.80 4.90 5.90
300 6.60 6+19 9.47 5.66 8.87 8.02 6.65 9.71 4.80 4.90 5.90
325 6.65 6.23 9.50 5.70 8.89 8.07 6.69 9.74 4.80 4.95 5.95
350 6.71 6.27 9.53 5.74 8.90 8.11 6.73 9.78 4.80 5.00 6.00
375 6.76 6.30 9.56 5.77 8.91 8.16 6.77 9.81 4.80 5.00 6.05
400 6.82 6.34 9.59 5.81 8.92 8.20 6.80 9.84 4.80 5.00 6.10
425 6.87 6.38 9.62 5.85 8.92 8.25 6.83 9.86 4.80 5.05 6.10
450 6.92 6.42 9.65 5.89 8.92 8.30 6.86 9.89 4.80 5.10 6.10
475 6.97 6.46 9.67 5.92 8.92 8.35 6.89 9.92 4.85 5.10 6.15
500 7.02 6.50 9.70 5.96 8.93 8.40 6.93 9.94 4.90 5.10 6.20
525 7.07 6.54 9.73 6.00 8.93 8.45 6.97 9.97 4.90 5.10 6.25
550 7.12 6.58 9.76 6.05 8.93 8.49 7.01 9.99 4.90 5.10 6.30
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Table C-3 Thermal Coefficients, U.S. Units, for Metals
Mean Coefficient of Linear Thermal Expansion Between 70°F and Indicated Temperature, pin./in.-°F

ASME B31.3-2010

Material
UNS UNS UNS
NO8XXX NO6XXX N06035 UNS
Gray Series Series Series N06200 Ductile Temp.,
Aluminum Cast Iron Bronze Brass 70Cu-30Ni Ni-Fe—Cr Ni-Cr-Fe Ni-Cr-Mo Ni-Cr-Mo Iron °F
-450
-425
-400
=375
-350
9.p0 8.40 8.20 6.65 -325
10.p4 8.45 8.24 6.76 -300
10.18 8.50 8.29 6.86 =275
10.B3 8.55 8.33 6.97 -250
10.47 8.60 8.37 7.08 A =225
10.p1 8.65 8.41 7.19 4.65 -200
10.f6 8.70 8.46 7.29 4.76 =175
10.p0 8.75 8.50 7.40 4.87 -150
11.p8 8.85 8.61 7.50 4.98 -125
11.p5 8.95 8.73 7.60 5.10 -100
11.43 9.05 8.84 7.70 5.20 -75
11.p0 9.15 8.95 7.80 5.30 =50
11.73 9.23 9.03 7.87 5.40 =25
11.B6 9.32 9.11 7.94 5.50 0
11.p9 9.40 9.18 8.02 5.58 25
12.12 9.49 9.26 8.09 5.66 50
12.p5 9.57 9.34 8.16 7.13 6.68 6.90 5.74 70
12.B9 9.66 9.42 24 7.20 6.71 6.90 5.82 100
12.p3 9.75 9.51 8.31 7.25 6.74 6.90 5.87 125
12.p7 9.85 9.59, 8.39 7.30 6.76 6.90 5.92 150
12.B1 Ce 9.93 9.68 8.46 - 7.35 6.79 6.90 5.97 175
12.p5 5.75 10.03 9.76 8.54 7.90 7.40 6.82 6.90 6.02 200
13.p3 5.80 10.05 9.82 8.58 8.01 7.44 6.85 6.90 6.08 225
13.12 5.84 1008 9.88 8.63 8.12 7.48 6.88 6.90 6.14 250
13.p0 5.89 10.10 9.94 8.67 8.24 7.52 6.90 6.90 6.20 275
13.p8 5.93 10.12 10.00 8.71 8.35 7.56 6.93 6.90 6.25 300
13.B6 5.97 10.15 10.06 8.76 8.46 7.60 6.96 6.90 6.31 325
13.44 6:02 10.18 10.11 8.81 8.57 7.63 6.99 6.90 6.37 350
13.p2 6.06 10.20 10.17 8.85 8.69 7.67 7.01 6.90 6.43 375
13.p0 6.10 10.23 10.23 8.90 8.80 7.70 7.04 6.90 6.48 400
13.p8 6.15 10.25 10.29 8.82 7.72 7.07 6.90 6.57 425
13.75 6.19 10.28 10.35 8.85 7.75 7.10 6.91 6.66 450
13.83 6.24 10.30 10.41 8.87 7.77 7.13 6.93 6.75 475
13.90 6.28 10.32 10.47 8.90 7.80 7.15 6.94 6.85 500
13.98 6.33 10.35 10.53 8.92 7.82 7.18 6.96 6.88 525
14.05 6.38 10.38 10.58 8.95 7.85 7.21 6.97 6.92 550
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ASME B31.3-2010

(10) Table C-3 Thermal Coefficients, U.S. Units, for Metals (Cont’d)
Mean Coefficient of Linear Thermal Expansion Between 70°F and Indicated Temperature, pin./in.-°F
Material
Carbon Steel Austenitic
Carbon-Moly-  5Cr-Mo Stainless 12Cr, UNS Copper Titanium
Temp., Low-Chrome Through Steels 17Cr, N04400 and Gr. 1,2,3,7, Titanium UNS
°F  (Through 3Cr-Mo) 9Cr-Mo 18Cr-8Ni 27Cr 25Cr-20Ni 67Ni-30Cu 3/,Ni Copper Alloys 11,12,16,17 Gr.9 N10675
575 7.17 6.62 9.79 6.09 8.93 8.54 7.04 10.1 4.90 5.15 6.30
600 7.’71 A.AL O.Q‘) A.‘I 2 Q'Oll Q'EQ 7'{\Q 1 ﬁ.(\ln /‘_Oﬁ I:")ﬂ 6.30
625 7.28 6.70 9.85 6.17 8.94 8.63 7.12 - 4.90 - 6.35
650 7.33 6.73 9.87 6.20 8.95 8.68 7.16 e 4.90 o~ 6.40
675 7.38 6.77 9.90 6.23 8.95 8.73 7.19 e 4.95 v.. 6.40
700 7.44 6.80 9.92 6.26 8.96 8.78 7.22 - 5.00 Ce 6.40
725 7.49 6.84 9.95 6.29 8.96 8.83 7.25 A 5.00 A 6.45
750 7.54 6.88 9.99 6.33 8.96 8.87 7.29 A 5200 Ce 6.50
775 7.59 6.92 10.02 6.36 8.96 8.92 7.31 . 5.05 . 6.50
800 7.65 6.96 10.05 6.39 8.97 8.96 7.34 A 5.10 A 6.50
825 7.70 7.00 10.08 6.42 8.97 9.01 7.37 e . - 6.50
850 7.75 7.03 10.11 6.46 8.98 9.06 7.40 ~\ A e 6.50
875 7.79 7.07 10.13 6.49 8.99 9.11 7.43 . - - 6.50
900 7.84 7.10 10.16 6.52 9.00 9.16 7.45 A - - 6.50
925 7.87 7.13 10.19 6.55 9.05 9.21 747 . - - 6.50
950 7.91 7.16 10.23 6.58 9.10 9.25 7.49 e Ce . 6.50
975 7.94 7.19 10.26 6.60 9.15 9.3Q 7.52 A Ce . 6.50
1000 7.97 7.22 10.29 6.63 9.18 9.34 7.55 . - - 6.50
1025 8.01 7.25 10.32 6.65 9.20 9.39 . ce Ce ce. 6.55
1050 8.05 7.27 10.34 6.68 9.22 9.43 Ce . - - 6.60
1075 8.08 7.30 10.37 6.70 9.24 9.48 A A - Ce 6.60
1100 8.12 7.32 10.39 6.72 9.25 9.52 Ce e A Ce 6.60
1125 8.14 7.34 10.41 6.74 9.29 9.57 A A - Ce 6.60
1150 8.16 7.37 10.44 6.75 9.33 9.61 ce A Ce Ce 6.60
1175 8.17 7.39 10.46 6.77 9.36 9.66 Ce A . e 6.60
1200 8.19 7.41 10.48 6.78 9.39 9.70 A A e Ce 6.60
1225 8.21 7.43 10.50 6.80 9.43 9.75 ce A A A 6.65
1250 8.24 7.45 10:51 6.82 9.47 9.79 A A e e 6.70
1275 8.26 7.47 10.53 6.83 9.50 9.84 A . e - 6.70
1300 8.28 7549 10.54 6.85 9.53 9.88 ce e A A 6.70
1325 8.30 751 10.56 6.86 9.53 9.92 . e - . 6.75
1350 8.32 7.52 10.57 6.88 9.54 9.96 ce Ce . e 6.80
1375 8.34 7.54 10.59 6.89 9.55 10.00 . e Ce e 6.90
1400 8.36 7.55 10.60 6.90 9.56 10.04 A . . . 7.00
1425 10.64 7.10
1450 10.68 7.20
1475 10.72 7.30
1500 10.77 7.40

GENERAL NOTE: For Code references to this Appendix, see para. 319.3.1. These data are for use in the absence of more applicable data. It
is the designer’s responsibility to verify that materials are suitable for the intended service at the temperatures shown.
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Table C-3 Thermal Coefficients, U.S. Units, for Metals (Cont’d)
Mean Coefficient of Linear Thermal Expansion Between 70°F and Indicated Temperature, pin./in.-°F

Material
UNS UNS UNS

NO8XXX NO6XXX N06035 UNS

Gray Series Series Series N06200 Ductile Temp.,
Aluminum Cast Iron Bronze Brass 70Cu-30Ni Ni-Fe-Cr Ni-Cr-Fe Ni-Cr-Mo Ni-Cr-Mo Iron °F

14.13 6.42 10.41 10.64 . 8.97 7.88 7.24 6.99 6.95 575
14.’”\ A_A7 1 (\'/./‘ 1 {\'AO — o_nn 7.on 7.’)4 7'{\1 A_OQ 600
6.52 10.46 10.75 e 9.02 7.92 7.29 7.03 7.02 625
6.56 10.48 10.81 - 9.05 7.95 7.32 7.05 704 650
6.61 10.50 10.86 - 9.07 7.98 7.35 7.07 7.08 675
6.65 10.52 10.92 A 9.10 8.00 7.38 7.09 7.11 700
6.70 10.55 10.98 - 9.12 8.02 7.40 712 7.14 725
6.74 10.57 11.04 - 9.15 8.05 7.46 7.14 7.18 750
6.79 10.60 11.10 Ce 9.17 8.08 7.46 7.17 7.22 775
6.83 10.62 11.16 - 9.20 8.10 7.49 7.19 7.25 800
6.87 10.65 11.22 e 9.22 e 751 7.22 7.27 825
6.92 10.67 11.28 - 9.25 - 7.54 7.24 7.31 850
6.96 10.70 11.34 . 9.27 . 7.57 7.27 7.34 875
7.00 10.72 11.40 Ce 9.30 Ké 7.60 7.30 7.37 900
7.05 10.74 11.46 . 9.32 \, - 7.62 7.32 7.41 925
7.10 10.76 11.52 . 9.35 AN 7.65 7.35 7.44 950
7.14 10.78 11.57 - 9.37 - 7.68 7.38 7.47 975
7.19 10.80 11.63 e 9.40 e 7.71 7.40 7.50 1000
10.83 11.69 Ce 942 Ce 7.74 7.43 1025
10.85 11.74 . 9.45 . 7.76 7.46 1050
10.88 11.80 . 9.47 . 7.79 7.48 1075
10.90 11.85 A 9.50 . 7.82 7.51 1100
10.93 11.91 N 9.52 R 7.85 7.53 1125
10.95 11.97 - 9.55 . 7.88 7.55 1150
10.98 12.03 - 9.57 - 7.90 7.58 1175
11.00 12.09 . 9.60 . 7.93 7.60 1200
9.64 1225
9.68 1250
9.71 1275
9.75 1300
9.79 1325
9.83 1350
9.86 1375
9.90 1400
9.94 1425
9.98 1450
10.01 1475
10.05 1500
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Table C-5 Thermal Expansion Coefficients, Nonmetals
Mean Coefficients (Divide Table Values by 10°)
Material Description in./in., °F Range, °F mm/mm, °C Range, °C
Thermoplastics
Acetal AP2012 2 3.6
Acrylonitrile-butadiene-styrene
ABS 1208 60 108 e
ABS 121¢ 55 75=55 99 7-13
ABS 1316 40 72
ABS 211p 40 72
Cellulose agetate butyrate
CAB MH(Q8 80 144
CAB SO00# 95 171
Chlorinated| poly(vinyl chloride)
CPVC 4120 35 63
Polybutylenfe PB 2110 72 130
Polyether, ghlorinated 45 81
Polyethylenje
PE 1404 100 46-100 180 8-38
PE 2305 90 46-100 162 8-38
PE 2306 80 46-100 144 8-38
PE 3306 70 46-100, 126 8-38
PE 3406 60 46=100 108 8-38
Polyphenyl¢ne POP 2125 30 54
Polypropylgne
PP1110 48 33-67 86 1-19
PP1208 43 77
PP2105 40 72
Poly(vinyl chloride)
PVC 112 30 23-37 54 -5[to +3
PVC 122 35 34-40 63 1-4
PVC 211 50 90
PVC 211 45 81
PVC 211 40 37-45 72 3-7
PVC 212 30 54
Poly(vinylidene fluoride) 79 142
Poly(vinylidene chloride) 100 180
Polytetrafluproethylene 55 73-140 99 P3-60
Poly(fluorinpted ethylenepropylene) 46-58 73-140 83-104 P3-60
Poly(perflugroalkoxy\alkane) 67 70-212 121 21-100
Poly(perflugroalkoxy. alkane) 94 212-300 169 100-149
Poly(perflugroatkoxy alkane) 111 300-408 200 149-209
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Table C-5 Thermal Expansion Coefficients, Nonmetals (Cont’d)

Mean Coefficients (Divide Table Values by 10°)

Material Description in./in., °F Range, °F mm/mm, °C Range, °C

Reinforced Thermosetting Resins
and Reinforced Plastic Mortars

Glass-epoxy, centrifugally cast 9-13 R 16-23.5
Glass-polyester, centrifugally cast 9-15 C.. 16-27
Glass-polyester, filament-wound 9-11 .. 16-20
Glass-polyester, hand lay-up 12-15 ce 21.5-27
Glass-ppoxy, filament-wound 9-13 . 16-23.5

Other|Nonmetallic Materials

Borosilicate glass 1.8 o 3,25

GENERAL NOTES:
(@) For Code references to this Appendix, see para. A319.3.1. These data are for use in the absen¢€.of more applicable data. It|is the
dgsigner’s responsibility to verify that materials are suitable for the intended service at the tempeératures shown.
(b) Infividual compounds may vary from the values shown. Consult manufacturer for specific vValues for products.
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(10) Table C-6 Modulus of Elasticity, U.S. Units, for Metals

E = Modulus of Elasticity, Msi (Millions of psi), at Temperature, °F

Material -425 -400 -350 -325 -200 -100 70 200 300 400

Ferrous Metals

Gray cast iron 13.4 13.2 12.9 12.6
Carbon steels, C < 0.3% 31.9 - C 31.4 30.8 30.2 29.5 28.8 28.3 27.7

Carbon steels, C > 0.3% 31.7 . ce 31.2 30.6 30.0 29.3 28.6 28.1 27.5
Carbon-mofly Steets 3T.7 .- .- 3T.T 305 799 292 785 780 27.4
Nickel steels, Ni 2%—-9% 30.1 R R 29.6 29.1 28.5 27.8 271 26.7 26.1
Cr-Mo stee|s, Cr Y%%-2% 32.1 L. R 31.6 31.0 30.4 29.7 29.0 28.5 27.9
Cr-Mo stee|s, Cr 2Y,%-3% 33.1 R R 32.6 32.0 31.4 30.6 29.8 29.4 28.8
Cr—Mo steells, Cr 5%—-9% 33.4 e R 32.9 323 31.7 30.9 30.1 29.7 29.0
Chromium $teels, Cr 12%, 17%, 27% 31.8 S R 31.2 30.7 30.1 29.2 28.5 27.9 27.3
Austenitic dteels (TP304, 310, 316, 321, 347) 30.8 . R 30.3 29.7 29.0 283 27.6 27.0 26.5

Copper and Copper Alloys (UNS Nos.)

Comp. and |leaded Sn-bronze (C83600, C92200) L - C 14.8 14.6, V4.4 14.0 13.7 13.4 13.2

Naval brasq, Si- & Al-bronze (C46400, C65500, - - S 15.9 15:6 15.4 15.0 14.6 14.4 14.1
95200, |C95400)

Copper (C1[L000) Ce e A 16.9 16.6 16.5 16.0 15.6 15.4 15.0

Copper, red brass, Al-bronze (C10200, C12000, R L. ce 18.0 17.7 17.5 17.0 16.6 16.3 16.0
(12200, |C12500, C14200, C23000, C61400)

90Cu—10Ni (C70600) ce A Ce 19.0 18.7 18.5 18.0 17.6 17.3 16.9

Leaded Ni—pronze - .. N 20.1 19.8 19.6 19.0 18.5 18.2 17.9

80Cu—20Ni (C71000) ce A . 21.2 20.8 20.6 20.0 19.5 19.2 18.8

70Cu-30Ni|(C71500) e . R 23.3 22.9 22.7 22.0 21.5 211 20.7

Nickel and Nickel Alloys (UNS Nos.)

Alloy 400 NO4400 28:3 e R 27.8 27.3 26.8 26.0 25.4 25.0 24.7
Alloy NO60B5 29.2 . . 29.1 29.0 28.8 28.5 28.1 27.8 27.5
Alloys N0O6(G07, N08320 30.3 .. R 29.5 29.2 28.6 27.8 27.1 26.7 26.4
Alloys NO8800, N08810, N06002 31.1 . . 30.5 29.9 29.4 28.5 27.8 27.4 27.1
Alloys N06455, N10276 32.5 . R 31.6 31.3 30.6 29.8 29.1 28.6 28.3
Alloys N02200, N02201, N06625 32.7 e R 32.1 31.5 30.9 30.0 29.3 28.8 28.5
Alloy NO6690 33.8 . . 33.2 32.6 31.9 31.0 30.2 29.9 29.5
Alloy N100¢1 33.9 .. R 33.3 32.7 32.0 31.1 30.3 29.9 29.5
Alloy N10665 34.2 - . 33.3 33.0 32.3 31.4 30.6 30.1 29.8
Alloy N106Y5 e . R 33.7 32.9 32.3 31.4 30.7 30.2 29.8

Unalloyed Titanium

Grades 1, 4, 3¢and 7 15.5 15.0 14.6 14.0

Zirconium Alloys

R60702 . . . . . . 14.4 14.4 14.4 14.4
R60705 . . . . . . 14.2 14.2 14.2 14.2
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Table C-6 Modulus of Elasticity, U.S. Units, for Metals

E = Modulus of Elasticity, Msi (Millions of psi), at Temperature, °F

500 600 700 800 900 1000 1100 1200 1300 1400 1500 Material

Ferrous Metals

12.2 117 11.0 10.2 Ce R R Gray cast iron
27.3  26.7 25.5 24.2 22.4 20.4 18.0 - Carbon steels, C < 0.3%
27.1 26,5 25.3 24.0 22.2 20.2 17.9 15.4 Carbon steels, C > 0.3%
27.0| 26.4 253 239 222 20.1 17.8 15.3 Carben-moly steels
25.7| 25.2 24.6 23.0 . . . . . e Nickel steels) Ni 2%-9%
275 26,9 26.3 255 2438 23.9 23.0 21.8 20.5 18.9 Cr—Ma steels, |Cr 1/2%—2%
283 27.7 27.1 263 25.6 24.6 23.7 22.5 21.1 19.4 Cr—Mp steels, dr 21/4%—3%
28.6 | 28.0 27.3 26.1 24.7 22.7 20.4 18.2 15.5 12.7 Cr—Mo steels| Cr 5%—-9%
26.7| 26.1 25.6 247 222 215 19.1 16.6 . - R Chromium steels, Cr 12%, 17%, 27%
25.8 25.3 24.8 24.1 23.5 22.8 22.1 21.2 20.2 19.2 18.1 Austenitiéste€ls (TP304, 310, 316} 321, 347)
Copper and Copper Alloys| (UNS Nos.)

12.9( 12,5 12.0 Comp. and leaded Sn—bronze (C836Q0, C92200)
13.8| 13.4 12.8 Naval brass, Si- & Al-bronze (C4640p, C65500,
95200, C95400)

14.7 | 142 13.7 Coppér (C11000)
15.6 | 15.1 14.5 Copper, red brass, Al-bronze (C1020¢, C12000,
12200, C12500, C14200, C23000, C61400)

16.6 | 16.0 15.4 90Cu—10Ni (C70600)
17.5| 16.9 16.2 Leaded Ni-bronze
18.4] 17.8 171 80Cu—20Ni (C71000)
20.2 19.6 18.8 70Cu-30Ni (C71500)
Nickel and Nickel Alloys (UNS Nos.)

243 24.1 23.7 231 22.6 22.1 21.7 21.2 Alloy 400 N04400
27.1 26.7 26.3 258 253 24.8 24.2 23.6 Alloy NO6035
26.0| 25.7 25.3 24.7 24.2 23.6 23.2 22.7 Alloys N06007, N08320
26.6 | 26.4 259 254 24.8 2432 23.8 23.2 Alloys N08800, N08810, N06002
27.9 27.6 27.1  26.5 25.9 25.3 24.9 24.3 Alloys N064%5, N10276
28.1 27.8 27.3  26.7 2671 25.5 25.1 24.5 Alloys N02200, N022(1, N06625
29.0| 28.7 28.2 27.6.\M27.0 26.4 25.9 25.3 Alloy NO6600
29.1 28.8 28.3 27.% 27.1 26.4 26.0 25.3 Alloy N10001
29.4 29.0 28.6/27.9 27.3 26.7 26.2 25.6 - - - Alloy N10665
29.3 28.9 28.4.727.9 27.4 26.8 26.2 25.6 24.9 24.2 23.4 Alloy N10675
Unalloygd Titanium

13.3 12.6 11.9 11.2 Grades 1.12, 3, and 7
Zirconium Alloys

14.4 14.4 14.4 14.4 R60702
14.2 14.2 14.2  14.2 R60705
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Table C-6 Modulus of Elasticity, U.S. Units, for Metals (Cont’d)

E = Modulus of Elasticity, Msi (Millions of psi), at Temperature, °F

Material -425 -400 -350 -325 -200 -100 70 200 300 400

Aluminum and Aluminum Alloys (UNS Nos.)

Grades 443, 1060, 1100, 3003, 3004, 6061, 11.4 e .. 11.1 10.8 10.5 10.0 9.6 9.2 8.7
6063 (A24430, A91060, A91100, A93003,
A93004, A96061, A96063)

Grades 5092, 5154, 5454, 5652 (A95052, TT.6 .- . TT.3 TT.0 TO.7 T0.Z2 9.7 R 8.9
A95154,|A95454, A95652)

Grades 356, 5083, 5086, 5456 (A03560, 11.7 . . 11.4 11.1 10.8 10.3 9.8 9.5 9.0

A95083, [A95086, A95456)

GENERAL NPTE: For Code references to this Appendix, see para. 319.3.2. These data are for use in the absence of mbre-applicable data. It
is the designer’s responsibility to verify that materials are suitable for the intended service at the temperatures shown.
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Table C-8 Modulus of Elasticity, Nonmetals

Material Description E, ksi (73.4°F) E, MPa (23°C)

Thermoplastics [Note (1)]

Acetal 410 2 830
ABS, Type 1210 250 1725
ABS, Type 1316 340 2 345
CAB 120 825
PVC, TYPE 1120 420 2895
PVC, Type 1220 410 2 825
PVC, Type 2110 340 2 345
PVC, Type 2116 380 2 620
Chloripated PVC 420 2895
Chloripated polyether 160 1105
PE, Type 2306 90 620
PE, Type 3306 130Q 895
PE, Type 3406 150 1035
Polypropylene 120 825
Poly(v|nylidene chloride) 100 690
Poly(v|nylidene fluoride) 194 1340
Poly(tétrafluorethylene) 57 395
Poly(fluorinated ethylenepropylene) 67 460
Poly(perfluoroalkoxy alkane) 100 690
Thermlosetting Resins, Axially Reinforced
Epoxyqglass, centrifugally cast 1,200-1,900 8 p75-13 100
Epoxy{glass, filament-wound 1,100-2,000 7 $85-13 790
Polyedter-glass, centrifugally cast 1,200-1,900 8 p75-13 100
Polyedter-glass, hand lay-up 800-1,000 5§ 515-6 895
Other
Borosilicate glass 9,800 67 570
GENERAL NOTE: / Far Code references to this Appendix, see para. A319.3.2. These data are for use in the absence of more appljcable data.
It is tHe desigrier’s’responsibility to verify that materials are suitable for the intended service at the temperatures shown.
NOTE:
(1) THe modulus of elasticity data shown for thermoplastics are based on short-term tests. The manufacturer should be consultgd to
obtaimvatuesfor useumdertomg=termTtoading:
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APPENDIX D

FLEXIBILITY AND STRESS INTENSIFICATION FACTORS

Table D300

Flexibility Factor, k, and Stress Intensification Factor, i

Stress Intensification
Flexibility Factor [Notes (2), (3)] Flexibility
Factor, Out-of-Plane, In-Plane, Characteristic,
Description k Iy I h Sketch
'7-
. 2
: — ol
Welding eljow or pipe bend 1.65 0.75 0.9 TRy ro
[Notes (3), (4)-(7)] h p23 p23 , 2 !
', 2 ) R1 = bend
radius
Cldsely spaged miter bend 1.52 0.9 0.9 cot 6 5_7'
s<r, (1+tan 6 PEQ p23 p23 2 r?
[Notes (), (4), (5), (7)]
Single mitef bend or widely 1.52 0.9 0.9 1+ cot # z
spaced mijter bend 506 p2l p2/3 2 "
s2r, (I +tan 6)
[Notes (2), (4), (7)1
Welding teq in accordance with 1 0.9 AR 31 :
ASME BJ[L6.9 h 23 T hn
[Notes (3), (4), (6), (8), (9]
. . 3 . 1 — j—
Reinforced fabricated/tee 1 0.9 Ya o+ /4 (T + Y% T,)%5
with pad jor saddle 23 = 4
A T72r
[Notes (), (47,-{9), (10), (11)] T= =
T, ch 7.7
Pad Saddie "’
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Table D300 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

Stress Intensification

Factor [Notes (2), (3)]

Flexibility Flexibility
Factor, Out-of-Plane, In-Plane, Characteristic,
Description k Iy i h Sketch
4
Unreinforced fabricated tee 1 0.9 3alo + Y4 T K_ I S r2
[Notes(2) (4) (o) (11)] PRy = _ | ‘4
[j : ] T
T
4T
Extruded welding tee with 1 0.9 AR/ 1L T ] T
r,2[0.05 D, PRz +r_2 P ot — ,
—= 2
T.41.5T K ! 4
[Notes (2), (4), (9)] Ty
Weldef-in contour insert 1 0.9 AR/ 8 :
[Notes (2), (4), (8), (9)] p23 A
Branch welded-on fitting 1 0.9 0.9 T
) X — — 3.3 —
(intggrally reinforced) p23 p2/3 ry
[Notes (2), (4), (11), (12)]
Stress
Flexibility Intensification
Description Factor, k Factor, / [Note (1)1
Butt weldedyjoint, reducer, or weld neck flange 1 1.0
Doublexwelded slip-on flange 1 1.2
Filtet or socket weld 1 1.3 [Note (13)]
Lap joint flange (with ASME B16.9 lap joint 1 1.6
stub)
Threaded pipe Joint or threaded Hlange T 73
Corrugated straight pipe, or corrugated or 5 2.5

creased bend [Note (14)]
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Table D300 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

Stress intensification factor /
and flexibility factor k

Corr factor ¢4

100
80 Flexibility factor for
elbows k = 1,65/h
60 AN ]
// Flexibility factor for
40 - miters_k = 152/1%
30 \
\ _ Stress intensification
20 factor i = 0.9/h%3
15

Stress intensification
factor j = 0.75/h%3

/AN N

£/
4
/

2
N
\\

<
1 NN

0.02 0.03 0.04 0.06 0.10 0.15 0.2 03 04 06 081.0 1.5
Characteristic A
Chart A
1.00 )

\

0.75 — —i ;
|

Q.50

o
0.375 /,/ <

1 End flanged ¢4 =h1/6

2 Ends flanged cq = h'3

\

0.25
Chart B
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Table D300 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

(10

ich can be
ch they are

from the

each side

NOTES:

(1) Stress intensification and flexibility factor data in Table D300 are for use in the absence of more directly applicable data (see para.
319.3.6). Their validity has been demonstrated for D/ T < 100.

(2) The flexibility factor, k, in the Table applies to bending in any plane. The flexibility factors, k, and stress intensification factors, i,
shall not be less than unity; factors for torsion equal unity. Both factors apply over the effective arc length (shown by heavy
centerlines in the sketches) for curved and miter bends, and to the intersection point for tees.

(3) A single intensification factor equal to 0.9/h*> may be used for both j; and i, if desired.

(4) The values of k and i can be read directly from Chart A by entering with the characteristic h computed from the formulas given

L N} 1ot + £o11
D, = outside diameter of branch
R; = bend radius of welding elbow or pipe bend
ry = see definition in para. 304.3.4(c)
r, = mean radius of matching pipe
s = miter spacing at centerline
T = for elbows and miter bends, the nominal wall thickness of the fitting
= for tees, the nominal wall thickness of the matching pipe
T. = crotch thickness of branch connections measured at the center of the crotch where showf in,the sketches
T, = pad or saddle thickness
0 = one-half angle between adjacent miter axes

(5) Where flanges are attached to one or both ends, the values of k and /i in the Table shall ,be\corrected by the factors Cy, wi
ead directly from Chart B, entering with the computed h.

(6) The designer is cautioned that cast buttwelded fittings may have considerably heavier walls than that of the pipe with whi

sed. Large errors may be introduced unless the effect of these greater thicknessesyis considered.

(7) In large diameter thin-wall elbows and bends, pressure can significantly affect.the'magnitudes of k and /. To correct value
[able, divide k by

i\ [ 7/3 Rl 1/3
1+6|=||= —
EI\T r
Hivide 7 by
P/ r 5/2 R1 2/3
1¥3.25|=]||= —
EIT r
For consistency, use kPa and mm for SI metri¢;“and psi and in. for U.S. customary notation.

® [Fre='% Dyand T. > 1.5T, a flexibility_charatteristic of 4.4 T/r, may be used.

(9) btress intensification factors for brapch,'connections are based on tests with at least two diameters of straight run pipe on
f the branch centerline. More clgSely-loaded branches may require special consideration.

(10) When T, is > 1Y% T, use h =4 TIf,.
(11) The out-of-plane stress intensifieation factor (SIF) for a reducing branch connection with branch-to-run diameter ratio of

(12)
(13)

(14)

D.5 < d /D < 1.0 may be'nonconservative. A smooth concave weld contour has been shown to reduce the SIF. Selection o
hppropriate SIF is the designer’s responsibility.

[he designer must/be'satisfied that this fabrication has a pressure rating equivalent to straight pipe.

been shown to envelope the results of the pipe to socket welded fitting tests. Blending the toe of the fillet weld smoothly]

Factors shown apply to bending. Flexibility factor for torsion equals 0.9.

For welds to socket'welded fittings, the stress intensification factor is based on the assumption that the pipe and fitting afe matched
n accordance.with ASME B16.11 and a fillet weld is made between the pipe and fitting as shown in Fig. 328.5.2C. For wellds to
ocket welded*flanges, the stress intensification factor is based on the weld geometry shown in Fig. 328.5.2B sketch (3) agnd has

into the

bipewall, as shown in the concave fillet welds in Fig. 328.5.2A, has been shown to improve the fatigue performance of tHe weld.
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10) APPENDIX E
REFERENCE STANDARDS

Standards incorporated in this Code by reference, and the names and addresses of the sponsoring organizations,
are showh in this Appendix. It is not practical to refer to a specific edition of each standard throughout the [Code
text; inste¢ad, the specific edition reference dates are shown here. Specific edition reference dates are not'preyided
for ASME codes and standards. For ASME codes and standards, the latest published edition in effeet‘ab the| time
this Codg is specified is the specific edition referenced by this Code unless otherwise specified in the €ngindering
design. Slibsequent issues and revisions of these referenced standards and any new standards incorporated in the
Code by feference in Code Addenda will be listed (after review and acceptance by the Code Corhimittee) in revisions
of this Appendix E.

A component ordinarily is not marked to indicate the edition date of the standard to g¥hich it is manufac%ured.

It is thergfore possible that an item taken from inventory was produced in accordancewith a superseded edition,
or an edifion not yet approved by the Code (because it is of later date than that listed and is in use). If compliance
with a specific edition is a requirement of the intended service, it usually will be hecessary to state the splecific
requirement in the purchase specification and to maintain identification of the component until it is put in sefvice.

ASTM Specffications

A 20-96a
A 36/A 361-08

A 47/A 47N1-99 (R2004)
A 48/A 48M-03 (R2008)

A 53/A 53M1-07

A 105/A 1¢5M-09
A 106/A 1d6M-08
A 126-04
A 134-96 (£2005)
A 135/A 135M-06
A 139/A 139M-04

A 167-99 (R2009)
A 179-90a [R2005)
A 181/A 141M-06
A 182/A 142M-09a
A 193-97a
A 194-97
A 197/A 197M-00 (R2006)

A 202/A 242Mm-03
A 203/A 243M-97 (R2007)
A 204/A 2Q4M-03(R2007)
A 210/A 290M-02/(R2007)
A 216/A 216M:08

ASTM Specifications (Cont’d)

A 276-97

A 278/A 278M-01 (R2006)
A 283/A 283M-03 (R2007)
A 285/A 285M-03 (R2007)
A 299/A 299M-04

A 302/A 302M-03 (R2007)
A 307-97

A 312/A 312M09

A 320-97

A 325-97

A 333/A"333M-05

A 334/A 334M-04a
A\335/A 335M-06
A'350/A 350M-07

A 351/A 351M-06
A 352/A 352M-06
A 353/A 353M-04
A 354-97

A 358/A 358M-08a
A 369/A 369M-06
A 370-09¢!

A 376/A 376M-06
A 381-96 (R2005)
A 387/A 387M-06a

ASTM Specifications (Cont’d)

A 487/A 487M-93 (R2007)
A 494/A 494M-09

A 508/A 508M-05b

A 515/A 515M-03 (R2007)
A 516/A 516M-06

A 524-96 (R2005)

A 530-98

A 537/A 537M-08

A 553/A 553M-06

A 563-94

A 570-96

A 571/A 571M-01 (R2006)
A 587-96 (R2005)

A 645/A 645M-05

A 671-06

A 672-08

A 675-90a (R1995)
A 691-98 (R2007)

A 723/A 723M-08
A 789/A 789M-09
A 790/A 790M-09
A 815/A 815M-09

A 217/A 217M-08
A 234/A 234M-07
A 240/A 240M-09a

A 263-94a

A 264-94a

A 265-94a

A 268/A 268M-05
A 269-08

ASOSA SS9 (R200%)

A 403/A 403M-07a
A 409/A 409M-08a
A 420/A 420M-07
A 426/A 426M-08
A 437-98

A 451/A 451M-06

A 453-96
A 479/A 479M-08

244

A 992-06a

B 21/B 21M-01

B 26/B 26M-09

B 42-02¢

B 43-98 (R2004)

B 61-08

B 62-09

B 68-02/B 68M-99 (R2005)
B 75-02/B 75M-99 (R2005)
B 88-03/B 88M-05
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REFERENCE STANDARDS (CONT'D)

ASTM Specifications (Cont’d)

ASTM Specifications (Cont’d)

B 96/B 96M-06 B 514-05 D 2513-09
B 98/B 98M-08 B 517-05 D 2517-06
B 523/B 523M-07 D 2564-04¢
B 127-05 B 547/B 547M-02 D 2609-02 (R2008)
B 148-97 (R2009) B 550/B 550M-07 D 2657-07
B 150-95a D 2662-96a
B 551/B 551M-07 D 2666-96a
B 152B 152M-06a¢! B 564-06a D 2672-96a (R2003)
B 160}05¢! B 574-06< D 2683-04
B 161f05¢ B 575-06 D 2737-03
B 162}99 (R2005)< B 581-02 (R2008)
B 164103 (R2008) B 582-07 D 2837-08
B 165}05 B 584-08a D 2846/D 2846M-09b
B 166{06 D 2855-964R2002)
B 167}06 B 619-06 D 2992.06
B 168}08 B 620-03 (R2008) D 2996-01"(R2007)<

B 169)B 169M-05

B 621-02 (R2006)

B 171fB 171M-09 B 622-06 D,2997-01 (R2007)<
B 187}00 B 625-05 D 3000-95a
B 626-06
B 209}07 B 649-06 D 3035-08
B 21004 D 3139-98 (R2005)
B 211}95a B 658/B 658M-06 D 3261-03
B 221{08 B 675-02 (R2007) D 3309-96a (R2002)
B 241|B 241M-02 B 688-96 (R2009)
B 247102a B 690-02 (R2007) D 3517-06
D 3754-06
B 265{09a¢! B 705-05 D 3839-08
B 280}08 B 725-05 D 3840-01 (R2005)
B 28309 B 729-05
B 804-02 (RZ007) D 4024-05
B 333}03 (R2008) B 861-08a D 4161-01 (R2005)
B 335{03 (R2008) B 862-08a
B 336}04b D 5421-05
B 338{09 € 14-07 D 5685-05
B 345)/B 345M-02 C 301-04 D 6041-97 (R2002)
C 361-08
B 361}08 E 94-04
B 363}06a C 582-09 E 112-96 (R2004)€
B 366/04b<! € 599-91 (R1995) E 114-95 (R2005)
B 38109 E 125-63 (R2008)
D 1527-99 (R2005) E 155-05
B 407}08a D 1600-08 E 165-09
B 409{06¢ D 1694-95 (R2000) E 186-98 (R2004)¢!
B 423{05 D 1785-06 E 213-09
B 424{05 E 272-99 (R2004)<
B 425{99 (R2005) D 2104-03 E 280-98 (R2004)
B 435/06 D 2235-04 E 310-99 (R2004)¢
B 443{00(R2005) D 2239-03 E 446-98 (R2004)¢
B 444-06 D 2241-05 £ 709-08
B 446-03 (R2008) D 2282-99¢
D 2310-06 F 336-02 (R2009)
B 462-06 D 2321-08 F 437-09
B 463-04 D 2447-03 F 438-09
B 464-05 D 2464-06 F 439-09
B 466/B 466M-07 D 2466-06 F 441/F 441M-09
B 467-88 (R2003) D 2467-06 F 442/F 442M-09
B 491/B 491M-06 D 2468-96a F 493-04
B 493/B 493M-08 F 714-08
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REFERENCE STANDARDS (CONT'D)

ASME Standards (Cont’d)

AWS Standards

F 1055-98 (R2006) B16.42 A3.0-2001
F 1281-03¢ B16.47 A5.1/A5.1M-2004
F 1282-03¢ B16.48 A5.4/A5.4M-2006
F 1290-98a (R2004) A5.5/A5.5M-2006
F 1412-09 B18.2.1 A5.9/A5.9M-2006
F 1498-08 B18.2.2 A5.11/A5.11M-2005
F 1545-97 (R2003) A5.14/A5.14M-2009
F 1673-04 B36.TOM A5.22-1995 (R2005)
F 1970-05 B36.19M
F 1974-04
B46.1 AWWA Standards
BPE

AISC Publigation

325-05 (St4

ASCE Stang

ASCE 7-05

el Construction Manual, 2006)

ard

ASME Codés (Use Latest Edition)

ASME Boilg
Section |
Section |
Section
Section
Section
Section
Section |

ASME Stan

A13.1
B1.1
B1.20.1
B1.20.3
B1.20.7

B16.1
B16.3
B16.4
B16.5
B16.9
B16.10
B16.11
B16.14
B16.15

r and Pressure Vessel Code
, Part D
I, Division 1

Ill, Division 1

11l, Division 2
Ill, Division 3

Hlards (Use Latest Edition)

B16.18

API Specifications

5B, 2008
5L, 2009
15LE, 2008
15LR, 2001

API Standards

526, 2002
594, 2004
599, 2007
600, 2001 (R2006)

602, 2005
603, 2007
608, 2008
609, 2004

APl Recommended Practice

RP*941, 5th Ed., 1997

ASNT Standards

ACCP-2007
CP-189-2001
SNT-TC-1A-2006

ASQ Standards

Q 9000-1: 1994
Q.9000-2: 199

C110-03
C111-07
C115-05
C150/A21.50%08
C151/A21351-04
C200:05
C207-07
C208-07
C300-07
C301-07
C302-04
C500-02

C504-06

C900-07 and Errata 2008

C950-07

CDA Publication

Copper Tube Handbook, 2006

CGA Publication

G-4.1-2004

CSA Publication

7245.1-1998

EJMA Publication

EJMA Standards, 2008

B16.20

B16.21
B16.22
B16.24
B16.25
B16.26
B16.34
B16.36
B16.39

Q 9000-3: 1997
Q 9001: 2008
Q 9002: 1994
Q 9003: 1994
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MSS Standard Practices

SP-6-2007
SP-9-2008
SP-25-2008
SP-42-2009
SP-43-2008
SP-44-2006
SP-45-2003 (R2008)
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REFERENCE STANDARDS (CONT'D)

MSS Standard Practices (Cont’d)

PFI Standard

SP-51-2007 SP-105-1996 (R2005) ES-7-2004
SP-53-1999 (R2007) SP-106-2003

SP-55-2006 SP-119-2003

SP-58-2002 SP-122-2005 PPI Technical Report
SP-65-2008

SP-70-2006 TR-21-2001
SP-71-2005 NACE Publications

SP-7211999

SP-7312003 MR0103-07 SAE Specifications
SP-75{2008 MR0175/1SO 15156-3 Cir2-08

SP-7912004 RP0170-04 ) 513-1999
SP-8012008 RP0472-08 ) 514-2004
SP-8112006a 37519-85 ) 518-1993
SP-8312006

SP-8512002

SP-88{1993 (R2001) NFPA Specification

SP-9512006

SP-9712006 1963-2009

GENERAL NOTE: The issue date shown immediately following the hyphen after the number ©fjthe standard (e.g., C207-07 and|SP-6-2007)

is the
“R” is

effective date of the issue (edition) of the standard. Any additional number shown‘\f6llowing the issue date and prefixed

the latest date of reaffirmation [e.g., A5.22-1995 (R2005)].
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Specifications and standards of the following organizations appear in Appendix E:

AISC

API

ASCE

ASME

ASME

ASNT

ASQ

ASTM

AWWA

AWS

American Institute of Steel Construction CDA Copper Development Association, Inc.
One East Wacker Drive, Suite 700 260 Madison Avenue, 16th Floor
Chicago, Illinois 60601-1802 New York, New York 10016
(312) 670-2400 (212) 251-7200 or (800) 232-3282
www.aisc.org WWW.COpper.org
American Petroleum Institute CGA Compressed Gas Association, Inc.
Publications and Distribution Section 4221 Walney Road
220-1-Street—NW ChanrtiiysWireiria—260454+2923
Washington, DC 20005-4070 (703) 788-2700
(p02) 682-8375 www.cganet.com
ww.api.org
CSA CSA International
The American Society of Civil Engineers 178 Rexdale Boulevard
1801 Alexander Bell Drive Etobicoke (Toronto), Ontario
Reston, Virginia 20191-4400 M9W 1R3, Canada
(F03) 295-6300 or (800) 548-2723 (416) 747-2620 or (800) 463-6727
WW.asce.org www.csa-international.org
ASME International EJMA Expansion Joint Mahdfacturers Association
Tlhree Park Avenue 25 North Broadway
New York, New York 10016-5990 Tarrytown, New York 10591
(p12) 591-8500 or (800) 843-2763 (914) 33270040
ww.asme.org www.ejmaorg
(Qrder Department MSS Manufacturers Standardization Society of the Valvd
22 Law Drive and Fittings Industry, Inc.
Box 2300 127 Park Street, NE
Fairfield, New Jersey 07007-2300 Vienna, Virginia 22180-4602
(p73) 882-1170 or (800) 843-2763 (703) 281-6613
www.mss-hg.com
American Society for Nondestructive Testing, Inc.
RO. Box 28518 NACE NACE International
1711 Arlingate Lane 1440 South Creek Drive
(olumbus, Ohio 43228-0518 Houston, Texas 77084-4906
(p14) 274-6003 or (800) 222-2768 (281) 228-6200
ww.asnt.org WWWw.hace.org
American Society for Quality NFPA National Fire Protection Association
€411 East Wisconsin Ave. 1 Batterymarch Park
Milwaukee, WI 53202 Quincy, Massachusetts 02169-7471
(B0O0) 248-1946 (617) 770-3000 or (800) 344-3555
WW.asq.org www.nfpa.org
American Society forTesting and Materials PFI Pipe Fabrication Institute
100 Barr HarbaorDrive 655-32nd Avenue, Suite 201
West Conshehiocken, Pennsylvania Lachine, Quebec H8T 3G6
19428-2959. Canada
(p10),832:9500 (514) 634-3434
ww.dstm.org www.pfi-institute.org
American Water Works Association PPI Plastics Pipe Institute
6666 W. Quincy Avenue 105 Decker Court
Denver, Colorado 80235 Irving, Texas 75062
(303) 794-7711 or (800) 926-7337 (469) 499-1044
WWW.awwa.org www.plasticpipe.org
American Welding Society SAE Society of Automotive Engineers

550 NW LeJeune Road

Miami, Florida 33126

(305) 443-9353 or (800) 443-9353
WWW.aws.org

248

400 Commonwealth Drive
Warrendale, Pennsylvania 15096-0001
(724) 776-4970 or (800) 832-6723
WWW.Sae.org
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SEMI  Semiconductor Equipment and Materials
International
3081 Zanker Road
San Jose, California 95134
(408) 943-6900
WWW.Semi.org

GENERAL NOTE TO LIST OF ORGANIZATIONS:  Some of the organizations listed above publish standards that have been approved as American
National Standards. Copies of these standards may also be obtained from:

ANSI Ameorican National Standards Incfiﬂlfn’ Inc
25 West 43rd Street
New York, New York 10036
(212) 642-4900
WWW.ansi.org
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APPENDIX F
PRECAUTIONARY CONSIDERATIONS

F300 GENERAL

fluids of different temperatures (e.g., cold droplets

This Appendix provides guidance in the form of pre-
cautionafy considerations relating to particular fluid
services and piping applications. These are not Code
requiremgnts but should be taken into account as appli-
cable in the engineering design. Further information on
these subjjects can be found in the literature.

F301 DESIGN CONDITIONS

Selectign of pressures, temperatures, forces, and other
condition}s that may apply to the design of piping can
be influehced by unusual requirements which should
be considered when applicable. These include but are
not limit¢d to the following.

F301.4 Ambient Effects

Where|fluids can be trapped (e.g., in double seated
valves) aid subjected to heating and consequent expan-
sion, megns of pressure relief should be considered to
avoid exdessive pressure buildup.

F301.5 Dynamic Effects

geysering] an effect that can occur in piping handling
fluids at ¢r near their boiling temperatures under ¢ondi-
tions when rapid evolution of vapor within the)piping
causes rapid expulsion of liquid. In such cases, a pres-
sure surge can be generated that may be destructive to
the piping. (Geysering usually is associated with vertical
pipelines|but may occur in inclined lines under certain
conditior}s.)

F301.7 Thermal Expansion.and Contraction Effects

bowing dyring cooldown: an effect that can occur, usually
in horizoptal piping, on inttroduction of a fluid at or near
its boiling temperature and at a flow rate that allows
stratified |[two-phase’ flow, causing large circumferential
temperafure-gradients and possibly unacceptable
stresses gt anchors, supports, guides, and within pipe

impinging on the pipe wall of a hot gas stream).
F301.11 Condensation Effects

Where there is a possibility of condensation occyrring
inside gaseous fluid piping, means should’be consiglered
to provide drainage from low areas.to avoid damage
from water hammer or corrosiort.

F304 PRESSURE DESIGN
F304.7 Pressure Design of Other Metallic
Components

F304.7.4 Expansion Joints. The following arg¢ spe-
cific consideratiofis to be evaluated by the desjgner
when specifyihgéxpansion joint requirements, in pddi-
tion to the guidelines given in EJMA Standards:

(a) susceptibility to stress corrosion cracking gf the
materials of construction, considering specific alloy con-
tentiumethod of manufacture, and final heat tr¢ated
condition.

(b) consideration of not only the properties gf the
flowing medium but also the environment extermal to
the expansion joint and the possibility of condendation
or ice formation due to the operation of the bellops at
a reduced temperature.

(c) consideration of specifying a minimum bellows
or ply thickness. The designer is cautioned that requiring
excessive bellows thickness may reduce the fatigye life
of the expansion joint and increase end reactions.

(d) accessibility of the expansion joint for mginte-
nance and inspection.

(e) need for leak tightness criteria for mechanical seals
on slip type joints.

(f) specification of installation procedures and |ship-
ping or preset bars so that the expansion joint will not
be extended, compressed, or offset to compensate for
improper alignment of piping, other than the intenfional
offset specified by the piping designer.

walls. (Two-plase flow carmratso gererate excessive pres-
sure oscillations and surges that may damage the
piping.)
F301.10 Cyclic Effects

F301.10.1 Pressure Cycling. The rules in para.
K304.8 may be considered where fatigue due to pressure
cycling is a concern.

F301.10.2 Thermal Fatigue at Mixing Points. Con-

sideration should be given to the potential for thermal
fatigue on surfaces exposed to the fluid when mixing

{g) Teed to Tequest data {Tom the expansion joint man-

ufacturer, including

(1) effective thrust area

(2) lateral, axial, and rotational stiffness (spring
constant)

(3) calculated design cycle life under specified
design conditions

(4) friction force in hinges, tie rods, etc.

(6) installed length and weight

(6) requirements for additional support or restraint
in the piping
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(7) expansion joint elements that are designed to
be uninsulated during operation

(8) certification of pressure containing and/or
restraining materials of construction

(9) maximum test pressure

(10) design calculations

F307 VALVES

(a) Extended bonnet valves are recommended where

gasket, and the bolting. Factors that affect performance
include:
(a) Selection and Design

(1) consideration of service conditions (including
external loads, bending moments, and application of
thermal insulation)

(2) flange rating, type, material, facing, and facing
finish (see para. F308.2)

(3) gasket type, material, thickness, and design (see

BAES

neceg
the vialve stem packing and the fluid in the piping, to
avoid packing leakage and external icing or other heat
flux problems. The valve should be positioned to pro-
vide this temperature differential. Consideration should
be giyven to possible packing shrinkage in low tempera-

, ture fluid service.

© (b)| The effect of external loads on valve operability

. and leak tightness should be considered.

- F308 FLANGES AND GASKETS
: F308L2 Specific Flanges
~ Slip-On Flanges. The need for venting the space
“betwjeen the welds in double-welded slip-on flanges
* should be considered for fluid services (including vac-
uum) that require leak testing of the inner fillet weld,
or when fluid handled can diffuse into the enclosed
spacg, resulting in possible failure.
F308.4 Gaskets
(a)
be cq
servi
cantl
(b)

shou

L PR B I | 1. LC L |
Sary toestabirsiTa termperature artererttrat betweerr

Gasket materials not subject to cold flow should
nsidered for use with raised face flanges for fluid
bes at elevated pressures with temperatures signifi-
y above or below ambient.
Use of full face gaskets with flat faged flanges
d be considered when using gasket materials sub-
ject tp cold flow for low pressure and-vacuum services
at m¢derate temperatures. When-such gasket materials
are used in other fluid services, the use of tongue-and-
grooye or other gasket-confining flange facings should
be cdnsidered.

(c)| The effect of flangefacing finish should be consid-
ered [in gasket matetial selection.

F309 BOLTING
F309{1 General

The use-pf controlled bolting procedures should be
considered in high, low, and cycling temperature ser-

—H3084)
(4) bolt material, strength (cold and (at
ture), and specifications for tightening of bolts
F309.1)

(5) design for access to the joint

(b) Installation

(1) condition of flange mating surfaces

(2) joint alignment afid, gasket placemgd
boltup
(3) implementatiefyof specified bolting p

pata
tempera-

(see para.

nt before

rocedures

F321 PIPING SUPPORT
F321.4 Wear{of Piping at Support Points

The use-of pads or other means of pipe attathment at
supporkpoints should be considered for piping systems
subject'to wear and pipe wall metal loss from relative
moyement between the pipe and its supports (e.g., from
Wave action on offshore production applicatipns).

F322 DESIGN CONSIDERATIONS FOR SPECIFIC
SYSTEMS

F322.6 Pressure Relief Piping

Stop Valves in Pressure Relief Piping. If stop Yalves are
located in pressure relief piping in accordance yvith para.
322.6.1(a), and if any of these stop valves are to|be closed
while the equipment is in operation, an authotized per-
son should be present. The authorized pers¢n should
remain in attendance at a location where the pperating
pressure can be observed and should have |access to
means for relieving the system pressure in the event of
overpressure. Before leaving the station the ajathorized
person should lock or seal the stop valves in|the open
position.

F323 MATERIALS

(a) Selection of materials to resist deteriorat
vice is not within the scope of this Code. [However,
suitable materials should be specified or selected for use

on in ser-

vices, and under conditions mvolving vibration or
fatigue, to reduce

(a) the potential for joint leakage due to differential
thermal expansion

(b) the possibility of stress relaxation and loss of bolt
tension

F312 FLANGED JOINTS
F312.1 General

Three distinct elements of a flanged joint must act
together to provide a leak-free joint: the flanges, the

251

in piping and associated facilities not covered by this
Code but which affect the safety of the piping. Consider-
ation should be given to allowances made for tempera-
ture and pressure effects of process reactions, for
properties of reaction or decomposition products, and
for hazards from instability of contained fluids. Consid-
eration should be given to the use of cladding, lining,
or other protective materials to reduce the effects of
corrosion, erosion, and abrasion.

(b) Information on material performance in corrosive
environments can be found in publications, such as “The
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Corrosion Data Survey” published by the National
Association of Corrosion Engineers.

F323.1 General Considerations

The following are some general considerations that
should be evaluated when selecting and applying mate-
rials in piping (see also para. FA323.4):

(a) the possibility of exposure of the piping to fire
and the melting point, degradation temperature, loss of
strength at elevated temperature, and combustibility of

(3) the possible conversion of carbides to graphite
during long time exposure to temperatures above 468°C
(875°F) of carbon-molybdenum steel, manganese-
molybdenum-vanadium steel, and chromium-
vanadium steel

(4) the advantages of silicon-killed carbon steel
(0.1% silicon minimum) for temperatures above 482°C
(900°F)

(5) the possibility of damage due to hydrogen expo-

the piping material under such exposure

(b) the|susceptibility to brittle failure or failure from
thermal ghock of the piping material when exposed to
fire or to fire-fighting measures, and possible hazards
from fragmentation of the material in the event of failure

(c) thelability of thermal insulation to protect piping
against fgilure under fire exposure (e.g., its stability, fire
resistanc¢, and ability to remain in place during a fire)

(d) the[susceptibility of the piping material to crevice
corrosion| under backing rings, in threaded joints, in
socket welded joints, and in other stagnant, confined
areas

(e) thelpossibility of adverse electrolytic effects if the
metal is gubject to contact with a dissimilar metal

(f) the compatibility of lubricants or sealants used on
threads with the fluid service

(g) the[ compatibility of packing, seals, and O-rings
with the fluid service

(h) the[ compatibility of materials, such as cements,
solvents, [solders, and brazing materials, with the fluid
service

(i) the|chilling effect of sudden loss of pressure, on
highly volatile fluids as a factor in determining the low-
est expecfed service temperature

(j) the|possibility of pipe support failure resulting
from expgsure to low temperatures (which\may embrit-
tle the syipports) or high temperatures (which may
weaken them)

(k) the[compatibility of materials) including sealants,
gaskets, Jubricants, and insulation, used in strong oxi-
dizer fluid service (e.g., oxygen or fluorine)

() the possibility of adverse effects from microbiolog-
ically influenced corrgsion (MIC) or its remediation

F323.4 Ypecific Material Considerations — Metals

The following\are some specific considerations that
should bg evalitated when applying certain metals in

piping:

SUTE at efevated temperature (5ee AP RP941) tiydiogen
damage (blistering) may occur at lower temperdtures
under exposure to aqueous acid solutions’
(6) the possibility of stress corrosion,cracking when
exposed to cyanides, acids, acid salts, or-wet hydrogen
sulfide; a maximum hardness limit(is tsually spefified
(see NACE MR0175 or MR0103 and RP0472)!
(7) the possibility of sulfidation in the presence of
hydrogen sulfide at elevated temperatures
(c) High Alloy (Stainless):Steels
(1) the possibility‘\of stress corrosion crackihg of
austenitic stainlesg'steels exposed to media such as{chlo-
rides and other(halides either internally or exterpally;
the latter can¥esult from improper selection or applica-
tion of therimal insulation, or from use of marking|inks,
paints, labels, tapes, adhesives, and other accepsory
material$ containing chlorides or other halides
(2) the susceptibility to intergranular corrosion of
austenitic stainless steels sensitized by exposure tq tem-
peratures between 427°C and 871°C (800°F and 1600°F);
as an example, stress corrosion cracking of sensitized
metal at room temperature by polythionic acid (regction
of oxidizable sulfur compound, water, and air); ptabi-
lized or low carbon grades may provide improved gesist-
ance (see NACE RP0170)!
(3) the susceptibility to intercrystalline attqck of
austenitic stainless steels on contact with liquid metals
(including aluminum, antimony, bismuth, cadnjium,
gallium, lead, magnesium, tin, and zinc) or [their
compounds
(4) the brittleness of ferritic stainless steels at
temperature after service at temperature above |
(700°F)
(d) Nickel and Nickel Base Alloys
(1) the susceptibility to grain boundary attack of
nickel and nickel base alloys not containing chroz|nium

room
71°C

1

(a) Irons — Cast, Malleable, and High Silicon (14.5%).
Their lack of ductility and their sensitivity to thermal
and mechanical shock.

(b) Carbon Steel, and Low and Intermediate Alloy Steels

(1) the possibility of embrittlement when handling
alkaline or strong caustic fluids

(2) the possible conversion of carbides to graphite
during long time exposure to temperatures above 427°C
(800°F) of carbon steels, plain nickel steel, carbon-
manganese steel, manganese-vanadium steel, and
carbon-silicon steel

252

Tl £ £ | e
API RP 941, Steels for Hydrogen Service at Elevated
Temperatures and Pressures in Petroleum Refineries and
Petrochemical Plants

NACE MR0103, Materials Resistant to Sulfide Stress Cracking
in Corrosive Petroleum Refining Environments

NACE MRO0175, Sulfide Stress-Cracking Resistant Metallic
Materials for Oil Field Equipment

NACE RP0472, Methods and Controls to Prevent In-Service
Cracking of Carbon Steel (P-1) Welds in Corrosive Petroleum
Refining Environments

NACE RP0170, Protection of Austenitic Stainless Steel in
Refineries Against Stress Corrosion Cracking by Use of
Neutralizing Solutions During Shutdown
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when exposed to small quantities of sulfur at tempera-
tures above 316°C (600°F)

(2) the susceptibility to grain boundary attack of
nickel base alloys containing chromium at temperatures
above 593°C (1100°F) under reducing conditions and
above 760°C (1400°F) under oxidizing conditions

(3) the possibility of stress corrosion cracking of
nickel-copper Alloy 400 in hydrofluoric acid vapor in the
presence of air, if the alloy is highly stressed (including

higher-strength normalized and tempered materials,
there is consequently a possibility of reducing tensile
properties of the base material, particularly if long hold-
ing times at the higher temperatures are used.

F335 ASSEMBLY AND ERECTION
F335.9 Cleaning of Piping

The following are some general considerations that

residpal-stressesfrom—formineorwelding)
(e)| Aluminum and Aluminum Alloys

1) the compatibility with aluminum of thread com-
pounyds used in aluminum threaded joints to prevent
seizifg and galling

2) the possibility of corrosion from concrete, mor-
tar, lime, plaster, or other alkaline materials used in
buildings or structures

3) the susceptibility of Alloy Nos. 5083, 5086, 5154,
456 to exfoliation or intergranular attack; and the
r temperature limit of 66°C (150°F) shown in
ndix A to avoid such deterioration

Copper and Copper Alloys

1) the possibility of dezincification of brass alloys
2) the susceptibility to stress-corrosion cracking of
coppr-based alloys exposed to fluids such as ammonia
or arhmonium compounds

3) the possibility of unstable acetylide formation
when exposed to acetylene

(¢)| Titanium and Titanium Alloys. The possibility of
detegjioration of titanium and its alloys above 316°C
(6009F).

(h)| Zirconium and Zirconium Alloys. The possibility of
deterfioration of zirconium and zirconium.alloys above
316°C (600°F).

(i) | Tantalum. Above 299°C (570°F), tthe possibility of
reactjvity of tantalum with all gases except the inert
gaseq. Below 299°C, the possibility-of embrittlement of
tantalum by nascent (monatomic) hydrogen (but not
molefular hydrogen). Naseént hydrogen is produced by
galvgnic action, or as a, groduct of corrosion by certain
chenicals.

(j)| Metals With-Eqthanced Properties. The possible
loss pf strength;in/a material whose properties have
been enhanded by heat treatment, during long-
contihued exposure to temperatures above its tempering
templerature.

(k)| Thie desirability of specifying some degree of pro-

and

uppe

Apps
()

may be evaluatedin annrmining the need for Cleanmg
of piping:

(a) requirements of the service, including possible
contaminants and corrosion products during febrication,
assembly, storage, erection, and testing.

(b) for low temperature servige, removal of
oil, grease, and other contamindnts to preven
of valves or blockage of piping and small cay

(c) for strong oxidizer-fluid service (e.g., ¢
fluorine), special cleaning and inspection. Refefence may
be made to the Compressed Gas Association’s [Pamphlet
G-4.1 Cleaning Equipment for Oxygen Service.

F335.10 ldentification of Piping

Consideration should be given to identifyin
tents ef)piping, with special consideration giv
ing-conveying flammable, hazardous, or fire-g
fluids. Reference may be made to ASME A13.
for the Identification of Piping Systems.

F345.4.1 Test Fluid. Consideration should be given
to susceptibility to microbiologically influenged corro-
sion (MIC). This condition is especially prevalent in no-
flow, high moisture environments. Internal MIC may
also depend on the characteristics of the tpeated or
untreated test fluid.

Internal MIC may be lessened or possibly eliminated
by properly draining and drying systems apd/or by
proper selection of test fluid.

moisture,
t sticking
ities.

Xygen or

E the con-
en to pip-
uenching
|, Scheme

FA323.4 Material Considerations — Nonmetals

bvaluated
hras. F323

The following are some considerations to be
when applying nonmetals in piping. See also p
and F323.1:

(a) Static Charges. Because of the possibili
ducing hazardous electrostatic charges in ng
piping and metallic piping lined with nonms
sideration should be given to grounding th

y of pro-
nmetallic
tals, con-
b metallic

duction impact testing, in addition to the weld proce-
dure qualification tests, when using materials with
limited low temperature service experience below the
minimum temperature stated in Table A-1.

F331 HEAT TREATMENT
F331.1 Heat Treatment Considerations

Heat treatment temperatures listed in Table 331.1.1
for some P-No. 4 and P-No. 5 materials may be higher
than the minimum tempering temperatures specified in
the ASTM specifications for the base material. For
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COHIPONeEIts Uf bu(.}l SYySICEIIS (_UIIVEinlg TTOITC Ilductive
fluids.

(b) Thermoplastics. If thermoplastic piping is used
above ground for compressed air or other compressed
gases, special precautions should be observed. In
determining the needed safeguarding for such services,
the energetics and the specific failure mechanism need
to be evaluated. Encasement of the plastic piping in
shatter-resistant material may be considered.

(c) Borosilicate Glass. Take into account its lack of duc-
tility and its sensitivity to thermal and mechanical shock.


https://asmenormdoc.com/api2/?name=ASME B31.3 2010.pdf

ASME B31.3-2010

APPENDIX G
SAFEGUARDING

G300 SCOPE

(a) plant layout features, such as open-air process

(a) Safeguarding is the provision of protective mea-
sures to minimize the risk of accidental damage to the
piping OIIt:O minimize the harmful consequences of pos-
sible piping failure.

(b) In1host instances, the safeguarding inherent in the
facility (the piping, the plant layout, and its operating
practices] is sufficient without need for additional safe-
guarding| In some instances, however, engineered safe-
guards must be provided.

(c) Appendix G outlines some considerations per-
taining tq the selection and utilization of safeguarding.
Where safeguarding is required by the Code, it is neces-
sary to cqnsider only the safeguarding that will be suit-
able and gffective for the purposes and functions stated
in the Cdde or evident from the designer’s analysis of
the appligation.

G300.1 General Considerations

In evalfiating a piping installation design to determine
what safgguarding may exist or is necessary, the follow-
ing should be reviewed:

(a) thelhazardous properties of the fluid, considered
under thg most severe combination of temperature/pres-
sure, and composition in the range of expected operating
conditionys.

(b) the| quantity of fluid that could be\released by
piping fajlure, considered in relation to the environment,
recognizing the possible hazards ranging from large
releases df otherwise innocuous fluids to small leakages
of toxic fluids.

(c) expected conditions inthe environment, evaluated
for their possible effect onthe hazards caused by a possi-
ble piping failure. This-ificludes consideration of ambi-
ent or sjurface temperature extremes, degree of
ventilatign, proxifnity of fired equipment, etc.

(d) the probable extent of operating, maintenance,
and other pefsonnel exposure, as well as reasonably

equipment structures; spacing and isolation of hazard-
ous areas; slope and drainage; buffer areas between|plant
operations and populated communities; or-contro] over
plant access

(b) protective installations, such as fire protection sys-
tems; barricades or shields; ventilation to remove ¢orro-
sive or flammable vapors; instfuments for remote
monitoring and control; contdifiment and/or recpvery
facilities; or facilities (e.g.~ncinerators) for emergency
disposal of hazardous materials

(c) operating practices, such as restricted accgss to
processing areas; work permit system for hazajdous
work; or special~training for operating, mainterjance,
and emergency crews

(d) means\for safe discharge of fluids released during
pressure‘relief device operation, blowdown, cleanout,
etc.

(e} procedures for startup, shutdown, and mapage-
ment of operating conditions, such as gradual prgssur-
ization or depressurization, and gradual warmpip or
cooldown, to minimize the possibility of piping failure,
e.g., brittle fracture

G300.3 Engineered Safeguards

Engineered safeguards that may be evaluated and
selectively applied to provide added safeguarding
include

(a) means to protect piping against possible faijures,
such as

(1) thermal insulation, shields, or process controls
to protect from excessively high or low temperature and
thermal shock

(2) armor, guards, barricades, or other protgction
from mechanical abuse

(3) damping or stabilization of process or fluid flow
dynamics to eliminate or to minimize or protect against
destructive loads (e.g., severe vibration pulsafions,

probable [sotirces of damage to the piping from direct
or indirect causes.

(e) the probable need for grounding of static charges
to prevent ignition of flammable vapors.

(f) the safety inherent in the piping by virtue of mate-
rials of construction, methods of joining, and history of
service reliability.

G300.2 Safeguarding by Plant Layout and Operation

Representative features of plant layout and operation
which may be evaluated and selectively utilized as safe-
guarding include

cyclic operating conditions)

(b) means to protect people and property against
harmful consequences of possible piping failure, such
as confining and safely disposing of escaped fluid by
shields for flanged joints, valve bonnets, gages, or sight
glasses; or for the entire piping system if of frangible
material; limiting the quantity or rate of fluid escaping
by automatic shutoff or excess flow valves, additional
block valves, flow-limiting orifices, or automatic shut-
down of pressure source; limiting the quantity of fluid
in process at any time, where feasible
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APPENDIX H
SAMPLE CALCULATIONS FOR BRANCH

REINFO

RCEMENT

H30(L INTRODUCTION

Th

appli
for W
are g

H301
An

e following examples are intended to illustrate the
cation of the rules and definitions in para. 304.3.3
elded branch connections. (No metric equivalents
iven.)

EXAMPLE 1
NPS 8 run (header) in an oil piping system has

an NPS 4 branch at right angles (see Fig. H301). Both

pipes
desig
at th{
328.5
addif

Fr
(Tabl

are Schedule 40 API 5L Grade A seamless. The
n conditions are 300 psig at 400°F. The fillet welds
crotch are minimum size in accordance with para.
4. A corrosion allowance of 0.10 in. is specified. Is
ional reinforcement necessary?

Solution
m Appendix A, S = 16.0 ksi for API 5L Grade A

e A-1); E = 1.00 for API 5L seamless (Table A-1B).
T, = 0.322 (0.875) = 0.282 in.
Ty, = 0.237 (0.875) = 0.20Z\in.

Ly = 2.5(0.282 - 0.1) = 0.455 in.
or 2.5 (0.207 —0l1))+ 0 = 0.268 in.,
whichever is.Jess

0.268 in,

1, = [4.5 - 2(0:207 - 0.1)]/sin 90 deg = 4.286 in.

ds = (0.207 - 0.1) + (0.282 - 0.1)
+4.286/2 = 2.432 in.

Use

ar d,_whichever ig greater

Minimum leg dimension of fillet weld
0.166/0.707 = 0.235An.

Thus, the required area
Ay = 0.080 (4.286) (2 .6irt 90 deg) = 0.343 s

The reinforcement drea’in run wall

Ay = 4286 (0.282 - 0.08 - 0.10) = 0.437 sq| i

in branchivall
A; = 2(0.268) [(0.207 — 0.042) — 0.10] = 0.03
in branch welds

Ay = 2(%) (0.235)* = 0.055 sq in.
The total reinforcement area = 0.527 sq i
more than 0.343 sq in. so that no additional
ment is required to sustain the internal press

H302 EXAMPLE 2

There is an NPS 8 branch at right angles to 4
header (Fig. H301). Both run and branch are
num alloy Schedule 80 ASTM B 241 6061-T6)
pipe. The connection is reinforced by a ring 1
(measured along the run) cut from a piece g
Schedule 80 ASTM B 241 6063-T6 seamless
opened slightly to fit over the run pipe. A
stresses for welded construction apply in a
with Appendix A, Note (33). The fillet weld4
minimum dimensions permitted in para. 328.5

b sq in.

h. This is
reinforce-
Lire.

n NPS 12
of alumi-
seamless
1 in. O.D.
f NPS 12
pipe and
llowable
rcordance
have the
4. A zero

dy = 4.286 in.
300 (8.625) .
ty = = 0.080 in.
2(16,000) (1.00) + 2(0.4) (300)
300 (4.500) )
t, = = 0.042 in.

2(16,000) (1.00) + 2(0.4) (300)

0.7 (0.237) = 0.166 in., or 0.25, whichever is less
= 0.166 in.

corrosion allowance is specified. What is the maximum
permissible design pressure if the design temperature

is —320°F?

Solution

From Table A-1, S = 8.0 ksi for Grade
(welded) pipe and S = 5.7 ksi for Grade

6061-T6
6063-T6

(welded) pad, both at —320°F. From Table A-1B, E =

1.00 for ASTM B 241.

255
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Illustrations for Examples in Appendix H

A~ _
§\ o 0.237 in. nom,
N 45in.. 0.207 in. min.
N 5in. \
H301 Example 1 . %} \ Reinforcement
0.235 in. /( _lc=o0.10 in.-—%
0.166 in.. N zone
0.322 in. nom. e B o N .
l 0282 in_min \\ L4 =0.268 in.
—_— Jd
% 4.286 in; A 7
Z2L 7 I,
€=0.101n. 4.286 in. i 8.625.in./0. D.
HA
C=000i 0.500 in. nom.
= U.! n. . 4
8.625 in. 0.438 in. min.
H302 Example 2 | 14in. )
0.687 '" nom. ‘ Reinforcement
40-601 in. min. 0.250 in. le 0854 i in. zone
0.687 in. nom. ¢ - - \ ‘ . b
0.601 in. min. Q m- . L4 =1.503 in.
% W 2 //’/ 7:749 in //////1/ I .
c= o.oo in. 7.749in o 3441"::.75 in. 0. D.

C=0.10in.

3

H303 Example 3

0.280 in. nom.
0.245 in. min.

0.500 in. nom.

4
T

Reinforcement
0.500 in. nom. . zone
0.438 in. min. 3 _
\ Ly =0.845in.
Cc=0.10in. 7.315in. o 7.315in. 16 in. O.D.
0.0488 in.
~ . —r
o 0.237 in. nom.
[+~ C=0.150 in. 0.207 in. min.
——— 4,500 in.
H304 Example 4 L 6% in. Dy
0.322 in. nom. ), Reinforcement
6322 in. nom. 0.2|82 in. min. 0.166 in. zone
n0.282 in. min. | . La=02341in.
4.387 in. _| 4
. - 4387in. — o \\¥ %
C=0.189 in. 4.387 in. 387 in. 8.625 in. 0. D.
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Leg dimensions of welds

98.80q = 8.638 — 124.73¢

[This

Usin:

we C

The 1

The 1

t. 0.250
= 220 ; 22353 = 8.638
0707 = 0707 = 0304 in. 1
0.5 (0.687) ) q = 0.0386
W = 0486 m.
. But also
T, = 0.687 (0.875) = 0.601 in. p
. 1~ 16,000 + 08P
T, = 0.500 (0.875) = 0.438 in.
Thus

=
[

0.687 (0.875) = 0.601 in.
Ly = 2.5(0.601 — 0.00) = 1.503 in.
is smaller than 2.5 (0.438 — 0.00) = 0.601 = 1.695 in.]

dy = d; = 8.625 — 2(0.438 — 0.00) = 7.749 in.

. 12.75P

"~ 2(8000) (1.00) + 2(0.4) (P)
8.625P

ty =

2(8000) (1.00) + 2(0.4) (P)
b the symbol

P
7= 16,000 + 0.8P

hn briefly write
t, = 12.75q and t, = 8.625¢
equired area
A, = 7.749, = 98.804
einforcement area in run wall

Ay = 7.749 (0.60%-12.75g — 0.00)

P = 0.0386 (16,000 + 0.8P) =461873 + 0.0309P

0.961P = 618.3

P = 643.1 psig

which is the maximtmr“permissible design piessure.

H303 EXAMPLE 3

An NPS'6 Schedule 40 branch has its axis af a 60 deg
angle to'the axis of an NPS 16 Schedule 40 run (header)
in an oil piping system (Fig. H301). Both pipgs are API
5[\Grade A seamless. The connection is reinfdrced with
a'ring 12 in. O.D. (measured along the run) made from
% in. ASTM A 285 Grade C plate. All fillet jvelds are
equivalent to 45 deg fillet welds with % in. legs. Corro-
sion allowance = 0.10 in. The design pressiire is 500
psig at 700°F. Is the design adequate for the internal
pressure?

Solution

From Appendix A, S = 14.4 ksi for API 5] Grade A
and ASTM A 285 Grade C (Table A-1); E = 1.00 for API
5L seamless (Table A-1B).

= 4QQ~98.80q T, = 0500 (0.875) = 0.438 in.
in branch wall
Ty = 0.280 (0.875) = 0.245 in.
A5.4:2(1.503) (0.438 — 8.625q — 0.00)
T, = 0.500 in.
= 1.317 - 25.93¢
Ly = 25 (0.245 — 0.10) + 0.500 = 0.8625
in ring

Ay = 0.601 (14 — 8.625) (5700/8000) = 2.302

in fillet welds

As = 2(%) (0.354)% + 2(%) (0.486)* = 0.362

The total reinforcement area = 8.638 — 124.73q.

At
sure,

the maximum permissible normal operating pres-
the required area and the reinforcement area are

equal; thus

257

This is greater than 2.5 (0.438 — 0.10) = 0.845 in.

500 (16
ty = (16) = 0.274 in.
2(14,400) (1.00) + 2(0.4) (500)
500 (6.625) .
t, = = 0.113 in.

2(14,400) (1.00) + 2(0.4) (500)

_ 6.625 -2(0.245 - 0.10) _ 6.335

dy =y = sin 60 deg = 0866 /BN



https://asmenormdoc.com/api2/?name=ASME B31.3 2010.pdf

ASME B31.3-2010

The required area
Ay = (0.274) (7.315) (2 - 0.866) = 2.27 sq in.
The reinforcement area in run wall
A, = 7315 (0.438 — 0.274 — 0.10) = 0.468 sq in.

in branch wall

Due to limitation in the height at the reinforcement
zone, no practical fillet weld size will supply enough
reinforcement area; therefore, the connection must be
further reinforced. Try a 6% in. O.D. reinforcing ring
(measured along the run). Assume the ring to be cut
from a piece of NPS 8 Schedule 40 API 5L Grade A
seamless pipe and welded to the connection with mini-
mum size fillet welds.

Minimum ring thickness

[0.845)\
As J2[——— (0245 = 0.113 — 0.10) = 0.062 5q 1.
’ k0-866)( : a T, = 0.322(0.875) = 0.282 in.
in ring New Ly = 2.5(0.0488) + 0.282 = 0{40% in.
Ay = 0.500 (12 - %) = 2.175 sq in. or 2.5(0.0935) = 0.234'in.

in fillet welds

Ay = 4(%)(%)* = 0281 sq in.

The totfal reinforcement area = 2.986 sq in. This total
is greater|than 2.27 sq in., so that no additional reinforce-
ment is rgquired.

H304 EXAMPLE 4

An NPS 8 run (header) in an oil piping system has
an NPS 4|branch at right angles (Fig. H301). Both pipes
are Schedule 40 API 5L Grade A seamless. The design
condition}s are 350 psig at 400°F. It is assumed that the
piping system is to remain in service until all metal
thicknes$, in both branch and run, in excess of that
required py eq. (3a) of para. 304.1.2 has corroded @way
so that aea A, as defined in para. 304.3.3(c)(1) is zero.
What reinforcement is required for this connection?

Solution

From Appendix A, S = 16.0 ksi for API 5L Grade A
(Table A-ll); E = 1.00 for APL5L seamless (Table A-1B).

350(8:625) )
t, = = 0.0935 in.
2(16,000) f1:00) + 2(0.4) (350)

(
350 (4.500)
~ 2(16)000) (1.00) + 2(

= 0.0488 in.

0.4) (350)

d; = 4.500 — 2(0.0488) = 4.402 in.

Use 0.234 in.
Reinforcement area in the ring (considering only the
thickness within L)

X; = 0.2346.25 - 4.5) = 0.410 sq in.

0.5(0.322)

0707 = 0.228 in.

Leg dimension of weld =

Reinforcement area in fillet welds
X, = 2(%) (0.228)* = 0.052 sq in.
Total reinforcement area
Ay = X5 + X; = 0462 sq in.

This total reinforcement area is greater thah the
required area; therefore, a reinforcing ring 6% in.[0.D.,
cut from a piece of NPS 8 Schedule 40 API 5L (irade
A seamless pipe and welded to the connection|with
minimum size fillet welds would provide adequatq rein-
forcement for this connection.

H305 EXAMPLE 5 (Not Illustrated)

An NPS 1% 3000 Ib forged steel socket welding cou-
pling has been welded at right angles to an NPS 8 Sthed-
ule 40 run (header) in oil service, using a weld
conforming to sketch (1) of Fig. 328.5.4D. The run is
ASTM A 53 Grade B seamless pipe. The design pressure

450°E T

Required reinforcement area
Ay = 0.0935 (4.402) = 0.412 sq in.
Try fillet welds only

Ly = 2.5(0.0935) = 0.234 in.

or 2.5(0.0488) = 0.122 in.

Use 0.122 in.

1400 H diba d 3 £ £ 3
15-400-pstand-the-designtemperatureis-4502FThedorro-
sion allowance is 0.10 in. Is additional reinforcement
required?

Solution

No. According to para. 304.3.2(b) the design is ade-
quate to sustain the internal pressure and no calculations
are necessary. It is presumed, of course, that calculations
have shown the run pipe to be satisfactory for the service
conditions according to eqs. (2) and (3).
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APPENDIX }
NOMENCLATURE

(10

Units [Note (1)] Reference
Symb Definition Sl u.s. Paragraph  Table/Fig./App. quation
Y
A Factor for determining minimum value of R; 304.2.3 (5)
As Conveyed fluid cross-sectional area mm? in.2 320.2 (239)
considering nominal pipe thickness less S$300.1
allowances
Ay Pipe cross-sectional area considering nominal ~ mm? in.2 320.2 (239)
pipe thickness less allowances S300.1
A, Cross-sectional area of pipe mm? in.? P319.4.4 (P17a) (P17b)
Ay Area required for branch reinforcement mm? in.2 304.3.3 304.3.3 (6) (6a) (9)
304.3.4 304.3.4 Ja)
H300
A, Area available for branch reinforcement in run mm? in.? 304.3.3 304.3.3 (6a)| (7) (9a)
pipe 304.3.4 304.3.4 (10)
H300
As Area available for branch reinforcement in mm? in.? 304.3.3 304.3.3 (6a)| (8) (9a)
branch pipe 304.3.4 304.3.4 1)
H300
A, Area available for branch reinforcement in mm? in.? 304.3.3 304.3.3 (6a)| (9a) (12)
pad or connection 304.3.4 304.3.4
H300
Cold spring factor 319.5.1 21) (22)
Material constant used in computing V303.1.3 (V2)
Larson-Miller parameter V303.1.4 (V3)
Cx Size of fillet weld, socket welds other than mm in. 328.5.2C
flanges D300
Cy Estimated self-spring orrelaxation factor 319.5.1 22)
c Sum of mecharieal*allowances (thread or mm in. 302.3.5 304.3.3 ) (3b) (4a)
groove deptt)-plus corrosion and erosion 302.4 304.3.4 (4b) (4c) (5)
allowantes 304.1.1 328.5.5 @ (8) (10)
304.1.2 H301 1) 12)
304.2.3 13) (14)
304.3.3 (15) (25)
304.3.4 33) (36)
304.4.1 37)
304.5.2
304.5.3
A304.1.1
H300
K302.3.5
K304.1.1
K304.1.2
K304.5.2
K304.5.3
K304.8.3
S300
S301.2
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Units [Note (1)] Reference
Symbol Definition Sl Paragraph  Table/Fig./App. Equation
¢ Sum of internal allowances mm in. K304.1.1 (34b) (34d)
K304.1.2 (35a) (35h)
(35¢) (35d)
Co Sum of external allowances mm in. K304.1.1 (34a) (340)
K304.1.2 (35a) (35h)
(35¢) (35d)
[ Correction factor D300
D Dutside diameter of pipe as listed in tables of —mm in. 304.1.1 304.1.1 (33) Bb)|Bo)
standards and specifications or as 304.1.2 304.2.3 (3d) 3p) (5)
measured 304.1.3 D300 (16) (2pa)
304.2.3 K305.1¢2 (26b) (R6¢)
319.4.1 (27) (3ka)
A304.1.1 (349 (p5a)
A304.1.2 (35¢) (B7)
A328.2.5
K304.14
K304,1.2
K304.1.3
K304.8.3
S301.2
Dy Dutside diameter of branch pipe mm in. 304.3.1 304.3.3
304.3.3 304.3.4
304.3.4 D300
Dy, Dutside diameter of header pipe mm in. 304.3.1 304.3.3
304.3.3 304.3.4
304.3.4
d nside diameter of pipe (note differences in mm in. 304.1.1 D300 (3b) (34h
definition between paras. 304.1.1 and 304.1.2 K305.1.2 (34d) (B5b)
K304.1.1) K304.1.1 (35d)
K304.1.2
S302.6.1
d Pipe inside diameter considering nominal mm in. 320.2 (23d)
: pipe thickness less allowances
dy nside diameter of\branch pipe mm in. 304.3.4
dg nside or pitchdiameter of gasket mm in. 304.5.3 304.5.3 (15)
dp nside"diameter of header pipe mm in. 304.3.4
dy Besten—inside-diameterofexiruded-outtet T Hh 30434 30434 {9146}
d, Effective length removed from pipe at branch mm in. 304.3.3 304.3.3 6 @)
H300
d, Half-width of reinforcement zone mm in. 304.3.3 304.3.3 7) (10)
304.3.4 304.3.4
H300
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Symbol

Units [Note (1)]

Reference

Definition

Sl

us.

Paragraph

Table/Fig./App. Equation

Quality factor

302.3.1
304.1.1
304.1.2
304.2.3
304.3.3
304.4.1
304.5.1

H300 (3a) 3b) (30)
(4a) (4b)
(40) (15)

Modulus of elasticity (at specified condition) MPa

Reference modulus of elasticity at 21°C MPa
(70°F)

Casting quality factor

Joint quality factor

Medulus of elasticity for the condition being MPa
considered; the as-installed and operating

ksi

ksi

ksi

304.5.2
304.5.3
305.2.3
K304.5.3
S301.1
$301.2
$303.1

A319.3.2
X302.2.3

319:3.2
319.4.1
319.4.4
319.5
319.5.1
P319.4.4
P319.5

302.3.1
302.3.3
302.3.6
305.2.3
306.1.4
K302.3.3
K306.1.1

302.3.1
302.3.4
305.2.3
306.1.4
321.1.3
341.4.1
341.5.1
K302.3.4
K305.1.1
K306.1.1
X302.2.2

App. C X3)
D300

@22

302.3.3C
Table A-1A

302.3.4
Table A-1B

D300

E

CONanions dare supscripted asj =1, 75,

Modulus of elasticity at maximum or MPa
minimum temperature

Modulus of elasticity at the temperature of MPa
the condition

Modulus of elasticity at test temperature MPa
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ksi

ksi

ksi

319.3.2
319.5.1

P319.5

X302.2.3

(1) (22)

(x3)
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Units [Note (1)] Reference
Symbol Definition Sl u.s. Paragraph  Table/Fig./App. Equation

F Service (design) factor A302.3.2 (260)
A304.1.1
A304.1.2

F, Sustained longitudinal force N b 320.2 (23d)

Fa Axial force N bf x P319.4.4 (P17a) (P17b)

1,000
(kips)

f Btress range factor 302.3.5 (1a) (1b)|(10)
P302.3.5 (P1a)
S301.1

f btress range reduction factor P302.3.5 (P1a)

fm Maximum value of stress range factor 302.3.5 (10

g Root gap for welding mm in. K328.4,3 328.4.4

K328.5.4

h Flexibility characteristic D300

hy Height of extruded outlet mm in. 304.3.4 304.3.4

Iq Sustained longitudinal index 320.2 (23d)

I; Bustained in-plane index 320.2 (23b)

I, bustained out-plane index 320.2 (23b)

I Bustained torsional index 320.2 (230)

i Btress intensification factor 319.3.6 D300

ia A\xial force stress intensification factor P319.4.4 (P17a) (PL7b)

i; n-plane stress intensification/factor 319.4.4 D300 (18) (19)[(20)
320.2 (23b)
S301.3
S301.6
S$301.7

iy Dut-plane stress intensification factor 319.4.4 D300 (18) (19)|(20)
320.2 (23b)
P319.4.4

K Factor determined by ratio of branch diameter 304.3.4 304.3.4 9)

to run diameter
K Factor for statistical variation in test results X302.1.3 (X2)
(see para. X3.1.3)

K1 Constant in empirical flexibility equation 319.4.1 (16)

k Flexibility factor 319.3.6 D300

L Developed length of piping between anchors m ft 304.1.3 (16)
319.4.1

K304.2.4
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Units [Note (1)] Reference
Symbol Definition SI u.s. Paragraph  Table/Fig./App. Equation
Ly Height of reinforcement zone outside run mm in. 304.3.3 304.3.3 ®
pipe H300 H301
Ls Height of reinforcement zone for extruded mm in. 304.3.4 304.3.4 (11)
outlet
LMP Larson-Miller parameter, used to estimate V303.1.3 (V2) (V3)
design life V303.1.4
M Length of full thickness pipe adjacent to miter ~ mm in. 304.2.3 304.2.3
bend
M; In-plane bending moment N-mm in.-lbf 319.4.4 3197%4.4A (18)| (19) (20)
319:34.4B
M, Out-plane bending moment N-mm in.-lbf 319.4.4 319.4.4A 18)[ (19) (20)
319.4.4B
M; In-plane bending moment for the sustained N-mm in.-lbf 320.2 (231)
condition being evaluated
M, Out-plane bending moment for the sustained N-mm in.-lbf 320.2 23p)
condition being evaluated
M; Sustained torsional moment N-mm im.-Ibf 320.2 23¢9
M; Torsional moment N-mm in.-lbf 319.4.4 319.4.4A
319.4.4B
m Misfit of branch pipe mm in. 328.4.3 328.4.4
K328.4.3 K328.5.4
N Equivalent number of full displacement (Cycles 300.2 302.3.5 (19)|(1d)
302.3.5
319.4.5
N Equivalent number of full operating cycles P300.2 (P19)
P302.3.5
P319.4.4
N, Number of design\cycles X302.1.3
N Number of cyctes to failure in bellows fatigue X302.1.3
test
Ng Number of cycles of maximum computed 302.3.5 (1d)
displacement stress range
Ng Number of cycles of maximum computed P302.3.5 (P1d)
operating stress range
N; Number of cycles associated with displace- 302.3.5 (1d)
ment stress range, S; (i = 1, 2,...)
N; Number of cycles associated with operating P302.3.5 (P1d)
stress range, S; (i = 1, 2,...)
N; Number of fatigue tests performed to develop X302.1.3 (X2)

the material factor, X,
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Units [Note (1)] Reference
Symbol Definition Sl u.s. Paragraph  Table/Fig./App. Equation
P Design gage pressure kPa psi 304.1.1 D300 (3a) 3b) B0)

304.1.2 (15) (24)
304.2.1 (26a) (26b)
304.4.1 (26¢) (34a)
304.5.1 (34b) (340)
304.5.2 (34d) (35a)
304.5.3 (35b) (35¢)
345.4.2 B5d) B7)
A304.1.1
A304.1.2
A304.5.1
H300
K304.1.2
K304.7.2
K304.8.3
S301.2

P See BPV Code, Section VIII, Division 1, 304.1.3
UG-28

p; Gage pressure during service condition i kPa psi V303.1.1 (V1)

P; Piping internal gage pressure for the condi- kPa psi 320.2 D300 (23d) D3¢0,
tion being considered; the as-installed and S$300.1 S301.1 Note (1)
operating conditions are subscripted as j= S301 S$301.3.1
1,2,3,... S302 S$302.1

S303 $302.6.2.1

P, Maximum allowable internal pressure for kPa psi 304.2.3 (4a) (4b)|(4c)
miter bends

Prax Maximum allowable gage pressure for continu-  kPRa psi V303.1.1 (V1)
ous operation of component at maximum
design temperature

Ps Limiting design pressure based on colurin kPa psi X302.2.3 X3)
instability, for convoluted U-shaped-bellows

Pr Minimum test gage pressure kPa psi 345.4.2 24) 27)|(X3)

A382.2.5
X302.2.3

R Range of reaction ferces or moments in flexi- N or N-mm  Ibf orin.-lbf  319.5 21)
bility analysis 319.5.1

R, Fstimated jinstantaneous reaction force or N or N-mm  Ibf orin.-lbf  319.5.1
momefit at’installation temperature

Ra Roughness average wm rin. K302.3.3 302.3.3C

34132
K341.3.2

Ry Estimated instantaneous maximum reaction N or N-mm  Ibf orin.-lbf  319.5.1 (21)
force or moment at maximum or minimum
metal temperature

Rmin Minimum ratio of stress ranges (see para. X302.1.3 (X1) (X2)
X3.1.3 for further details)

R, Ratio of pressure rating or allowable stress at 345.4.2 (24)
test temperature to same at design tem- K345.4.2

perature
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Units [Note (1)] Reference
Symbol Definition SI u.s. Paragraph  Table/Fig./App. Equation
Rr Ratio of the average temperature dependent ce. . 302.3.2(d)(7)
trend curve value of tensile strength to the
room temperature tensile strength
Ry Ratio of the average temperature dependent L. .. 302.3.2(d)@) ... 31
trend curve value of yield strength to the K302.3.2
room temperature yield strength
R Effective radius of miter bend mm in. 304.2.3 304.2.3 (&b)| (5)
Ry Bend radius of welding elbow or pipe bend mm in. 304.2.1 304.2.1 (3d)| (3e)
D300
ri Ratio of lesser computed displacement stress .. e 302.3.5 £ (1d)
range, S;, to maximum computed stress
range, Se (i =1, 2,...)
r; Ratio of lesser computed operating stress .. . P302.335 ce (P19)
range, S;, to maximum computed stress
range, Se (i =1, 2,...)
Iy External contour radius of extruded outlet mm in. 304.3.4 304.3.4 12)
D300
ry Mean radius of pipe using nominal wall mm in. 304.2.3 304.2.3 (4a)| (4b) (4¢)
thickness, T 319.4.4 D300
S Basic allowable stress for metals MPa ksi 300.2 323.2.2B (3a)|(3b) Bc)
302.3.1 A1 (4a) (4b) (40)
302.3.5 15) (24)
304.1.1
304.1.2
304.1.3
304.2.1
304.2.3
304.3.3
304.4.1
304.5.1
304.5.2
304.5.3
304.7.2
319.3.4
345.4.2
H300
S301.2
S Bolt\design stress MPa ksi 300.2 A-2
302.3.1
S Design stress for nonmetals - ... A302.3.1 B-1 (26a) (26b)
A304.1.1 (260)
A304.1.2
A304.5.1
A304.5.2
S Allowable stress for metals MPa ksi K304.1.2 K-1 (34a) (34b)
K304.5.3 (340) (34d)
K345.4.2 (35a) (35h)
(35¢) (35d)
S Stress intensity MPa ksi K304.8.3 .. 37)
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Symbol

Definition

Units [Note (1)]

Reference

Sl

u.s.

Paragraph

Table/Fig./App.

Equation

Sa

Sp

Sk

Sp

Sq

Se

Se

SEA

S

Allowable displacement stress range

MPa

ksi

300.2

302.3.5
319.2.3
319.3.4
319.4.1
319.4.4
319.4.5

$301.7

$303.7.1
$303.7.2
$303.7.3

(1a) (1b)

(2)

Bolt design stress at atmospheric temperature

btress due to sustained longitudinal force
Btress due to axial force

Bolt design stress at design temperature

Resultant bending stress

btress due to sustained bending moments

Basic allowable stress at minimum metal tem-
perature expected during the displacement
cycle under analysis

Allowable stress from Table A-1 for the mate:
rial at design temperature

Computed displacement stress range

Greatest computed operating stress

MPa

MPa

MPa

MPa

MPa

MPa

MPa

MPa

MPa

MPa

ksi

ksi

ksi

ksi

Ksi

ksi

ksi

ksi

ksi

K302.3.5
P319.4.5
$301.7
$303.8

304.5.1
A304.5.1

320.2

P319.4.4

304.5.1
A304.5.1

319.4.4
P319.4.4

320.2

302.3.5
K302.3.5
P302.3.5
$301.7

V303.1.1
V304

300.2
302.3.5
319.2.3
319.4.4
319.4.5
319.5.1
K302.3.5
S301.7
$303.7

P300.2

P20 2 C
L =

$301.7

$303.7.1
$303.7.2
$303.7.3

(23a) (23

(P17a) (A

17) (18)
(20) (A
(P17b)

(23a) (23

(1a) (1b)
(P1a)

(V1)

(17) (22)

(P17b)

d)

17b)

(19
f17a)

(B2

Allowable operating stress range

Allowable stress for flange material or pipe

Mean long-term hydrostatic strength (LTHS)

MPa

MPa

kPa
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ksi

psi

P300.2
P302.3.5
P319.4.5

304.5.1
304.5.2
A304.5.1

A328.2.5

(P1b)
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Units [Note (1)] Reference
Symbol Definition SI u.s. Paragraph  Table/Fig./App. Equation
Sh Basic allowable stress at maximum metal MPa ksi 302.3.5 S301.6 (1a) (1b) (23)
temperature expected during the 319.5.1 (32) (P1a)
displacement cycle under analysis K302.3.5
P302.3.5
S301.6
S301.7
S; A computed displacement stress range MPa ksi 302.3.5 .. (1d)
smaller than S; (i = 1, 2,...)
S; A computed operating stress range smaller MPa ksi P302.3.5 .. (P19)
than Se (i =1,2,...)
Si Equivalent stress during service condition, i MPa ksi V303.1.1
(the higher of Sp; and S;) V303.1.2
V304
S Stress due to sustained loads MPa ksi 302.3%5 S301.6 (1b)| (23a)
3023.6 S$302.6.3.1
320
K302.3.5
K302.3.6
S301.3
S301.6
S$302.6.1
S302.6.3
S303.6
V303.1.1
V304
So Operating stress MPa ksi P302.3.5 e (P17a)
P319.4.4
Soa Allowable operating stress MPa ksi P302.3.5 ... (P13)
S$302.3.5
Spi Equivalent stress for pressure during service MPa ksi V303.1.1 . (V1)
condition, i V304
Ss Mean short-term burst stréss kPa psi A328.2.5 - 27)
St Specified minimunitensile strength at room MPa ksi 302.3.2
temperature
St Allowable-stress at test temperature MPa ksi 345.4.2 - (24)
St Totsional stress MPa ksi 319.4.4 ce 17)
P319.4.4 (P17a) (P17b)
St Stress due to sustained torsional moment MPa ksi 320.2 - (23a) (230)
S; Total stress range for design fatigue curves .. psi X302.1.3 X302.1.3
applying to austenitic stainless steel expan-
sion joints
Sy Specified minimum vyield strength at room MPa ksi 302.3.2 R (€3))
temperature K302.3.2
K328.2.1
S, Yield strength (BPV Code) MPa ksi 302.2.4
K304.7.2
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Units [Note (1)] Reference
Symbol Definition u.s. Paragraph  Table/Fig./App. Equation
Syt Yield strength at test temperature MPa ksi X302.2.3
Syt Yield strength at temperature MPa ksi K302.3.2 (B1)
K302.3.6
K304.7.2
K345.2.1
Sy ield strength at bellows design temperature MPa ksi X302.2.3
s Miter spacing at pipe centerline mm in. D300
T Pipe wall thickness (measured or minimum in mm in. 304.1.1 302.3.3D (4a) (4b)|(40)
accordance with purchase specification) 304.2.3 304.2.3 (35a) (B5h)
306.4.2 323341 (35¢) (B5d)
A304.1.1 K323.3.1 37
K304.1.1
K304.1.2
K304.8¢3
S30%.2
Ty Branch pipe wall thickness (measured or mini-  mm in. 304.3.3 304.3.3 ® (11 2
mum in accordance with purchase specifica- 304.3.4 304.3.4
tion) H300
T. Crotch thickness of branch connections mm in. D300
Ter Critical temperature °C °F 302.3.5
Te Fffective temperature for service condition, i °C °F V303.1.2 vV2)
(temperature corresponding to S;, Table V303.1.3
A-1)
Ty Header pipe wall thickness (measured ornmini-  mm in. 304.3.1 304.3.3 @) (0
mum in accordance with purchase speécifica- 304.3.3 304.3.4
tion) 304.3.4
H300
T [emperature of the companent for the coinci- °C °F V303.1.4 (vV3)
dent operating pressureztemperature condi-
tion, i, under consideration
T Pipe metal temperature for the condition °C °F S$300.1 D300 D300, Ngte (7)
being considered; the as-installed and S301 S301.1
operatingconditions are subscripted as S$302 $301.3.1
jEAN2, 3, ... S303 $302.1
T, inimum thickness of reinforcing ring or sad- mm mn. 304.3.3 304.3.3
dle made from pipe (nominal thickness if H300
made from plate)
Ts Effective branch wall thickness mm in. 319.4.4
T, Corroded finished thickness of extruded mm in. 304.3.4 304.3.4 (12)
outlet
T, Minimum thickness of fabricated lap mm in. 328.5.5
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Units [Note (1)] Reference
Symbol Definition Sl Paragraph  Table/Fig./App. Equation
T Nominal wall thickness of pipe mm in. 302.3.5 323.2.2A 27)
304.2.3 328.5.2B
A328.2.5 328.5.5
S301.2 K302.3.3D
D300
T Nominal branch pipe wall thickness mm in. 319.4.4 304.3.3
32854 328.5.4D
331.1.3
Ty Nominal header pipe wall thickness mm in. 319.4.4 304.3.3
328.5.4 328.5.4D
331.1.3
T, Nominal thickness of reinforcing ring or mm in. 328.5.4 328,5:4D
saddle 331.1.3 D300
Tw Nominal wall thickness, thinner of mm in. 344.6.2 341.3.2
components joined by butt weld K341.3.2
t Pressure design thickness mm in. 304,1.1 304.1.1 @) (3a) (3b)
304.1.2 304.5.3 o) (13)
304.1.3 328.5.2C 4) (25)
304.2.1 26a) (26b)
304.3.3 26c) 33)
304.4.1 J4a) (34b)
304.5.2 J4c) (34d)
A304.1.1 36)
A304.1.2
A304.1.3
K304.1.1
K304.1.2
K304.1.3
K304.5.2
S301.2
ty Pressure design thickness of branch mm in. 304.3.3 304.3.3 ®) (11)
304.3.4 304.3.4
H300
t Throat thickness of coverTillet weld mm in. 328.5.4 328.5.4D
331.1.3
H300
ty Pressure design ‘thickness of header mm in. 304.3.3 304.3.3 ®) (7) (9 (10)
304.3.4 304.3.4
H300
t; Totalhduration of service condition, i, at pres- h hr V303.2 (V4)
sure, P;, and temperature, T; V304
tm Minimum required thickness, including mm in. 304.1.1 328.3.2 2) (13) (14)
mechanical, corrosion, and erosion allow- 304.2.1 328.4.3 (15) (25)
ances 304.4.1 K328.4.2 (33) (36)
304.5.2 K341.3.2
304.5.3
328.4.2
A304.1.1
A304.2.1
K304.1.1
K304.2.1
K304.5.2
K328.4.2
S301.2
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Units [Note (1)] Reference
Symbol Definition Sl u.s. Paragraph  Table/Fig./App. Equation
tmin For branch, the smaller of _Tb or T, mm in. 328.5.4 328.5.4D
ti Rupture life of a component subjected to h hr V303.1.4 - (V3) (V4)
repeated service conditions, /i, and stress, V303.2
Si V304
U Straight line distance between anchors m ft 319.4.1 o (16)
u Creep-rupture usage factor, summed up from R R V303.2 ce (V4)
individual usage factors, t;/t,; V303.3
V304
w Weld joint strength reduction factor e .. 302.2.2 302.3.5 (3a) 3b)[(B0)
302.3.5 (4a) (4p)
304.1.1 (40) (1p)
304.1.2
304.2.1
304.2.3
304.3.3
304.4.1
30446.1
304.5.2
304.5.3
X Factor for modifying the allowable stress - - X302.1.3 - (X1) (X2)
range, S;, for bellows expansion joint (see
para. X302.1.3 for further details)
X, Ring reinforcement area mm? in.2 H304
X Fillet weld reinforcement area mm? in.2 H304
Xmin Bize of fillet weld to slip-on or socket welding mm in. S 328.5.2B
flange
Y Coefficient for effective stressed diameter .. . 304.1.1 304.1.1 (Ba) (3b)|(30)
304.1.2
S300
S301.2
Y+ bingle acting support —a“pipe support that R R $300.1 $302.5.1
provides support to thé’piping system in S302 $302.6.3.1
only the vertically)upward direction $302.1
S302.6.2
y Resultant ©f total displacement mm in. 319.4.1 ce (16)
Z Bectiof)modulus of pipe mm?3 in.2 319.4.4 . (18) (19)
Z Sustained section modulus of pipe mm> in. 320.2 ... (23b) (23¢)
Ze Effective section modulus for branch mm? in.2 319.4.4 e (20)
a Angle of change in direction at miter joint deg deg 304.2.3 304.2.3
’ 306.3.2
306.3.3
M306.3
i',B Smaller angle between axes of branch and deg deg 304.3.1 304.3.3 6) (8)
‘ run 304.3.3
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Units [Note (1)] Reference
Symbol Definition SI u.s. Paragraph  Table/Fig./App. Equation
y Span of the pipe bend deg deg 304.2.1 304.2.1
6 Angle of miter cut deg deg 304.2.3 304.2.3 (4a) (4¢) (5)
D300

GENERAL NOTE: For Code reference to this Appendix, see para. 300.3.
NOTE:

(1) Ngte that the use of these units is not required by the Code. They represent sets of consistent units (except where otherwisp stated)

sdre in psi and kPa values.

thht may be used in computations, if stress values in ksi and MPa are multiplied by 1,000 for use in equations that alse ‘inyolve pres-
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APPENDIX K
ALLOWABLE STRESSES FOR HIGH PRESSURE PIPING

Specification Index for Appendix K

Spec.

No. Title Page
ASTM
A 53 Pipe, Steel, Black and Hot-Dipped, Zinc Coated, Welded and Seamless ............cviiiiininnennenn. 274
A 105 Forgings, Carbon Steel, for Piping Components . .. ... ...ttt it ie i eieennn 274
A 106 Seamless Carbon Steel Pipe for High-Temperature Service ..........couiiiininiininneneenennensdn 274
A 182 Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-Temperature

IS <] 7o O 276, 279§, 280

A 210 Seamless Medium-Carbon Steel Boiler and Superheater Tubes ........ ...l ... 274
A 234 Piping Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and Elevated Temperatres®. ........ 274
A 312 Seamless and Welded Austenitic Stainless Steel Pipe ...ttt N e ee e e 276, 278
A 333 Seamless and Welded Steel Pipe for Low-Temperature Service ............c... . @0 Tt 274, 276
A 334 Seamless and Welded Carbon and Alloy-Steel Tubes for Low-Temperature Service™\»...........oone.. 274, 276
A 335 Seamless Ferritic Alloy Steel Pipe for High-Temperature Service ........... ). Yo o oo oot 274
A 350 Forgings, Carbon and Low-Alloy Steel Requiring Notch Toughness Testing for\Piping Components ......... 274, 276
A 358 Electric-Fusion-Welded Austenitic Chromium-Nickel Alloy Steel Pipe for HighsTemperature Service ......... 276, 278
A 403 Wrought Austenitic Stainless Steel Piping Fittings .. ... ... .. . NN i 278, 280
A 420 Piping Fittings of Wrought Carbon Steel and Alloy Steel for Low-Temperature Service ................... 274, 276
A 508 Quenched and Tempered Vacuum-Treated Carbon and Alloy, 'Steel Forgings for Pressure Vessels .......... 276
A 723 Alloy Steel Forgings for High-Strength Pressure Component Application ............c.coviiiiininnann. 276
B 164 Nickel-Copper Alloy Rod, Bar and Wire . ... e Nt ettt it it it et it e it aennn 282
B 165 Nickel-Copper Alloy (UNS N04400) Seamless\Pipe and Tube . ........cooiiiiininniiiiiiniiiinann 282
B 166 Nickel-Chromium-Iron Alloy (UNS N0660Q) Rod, Barand Wire ............ouiiiniiiineennnennnennnnnn 282
B 167 Nickel-Chromium-Iron Alloy (UNS NO6600-N06690) Seamless Pipe and Tube ...........covvvevrnnnn... 282
B 338 Seamless and Welded Titanium and Titanium Alloy Tubes for Condensers and Heat Exchangers .......... 284
B 363 Seamless and Welded Unalloyed Titanium and Titanium Alloy Welding Fittings .............. ... ... .... 284
B 366 Factory-Made Wrought Nickel)and Nickel-Alloy Welding Fittings . ............iiiiiiiiiiniinnennn.. 282
B 381 Titanium and Titanium AlGY FOrgingsS . ...ttt it it it it et et ettt et et ienaennn 284
B 564 NiCKEl ALlOY FOTgiMgS . . o oottt ettt it it et ettt e ettt e e ie e ettt 282
B 574 Low-Carbon Njckel-Molybdenum-Chromium Alloy Rod . ..... ... ..ot 282
B 622 Seamless Nickel and Nickel-Cobalt Alloy Pipe and Tube ....... ... ... i 282
B 861 Titanidm~and Titanium Alloy Seamless Pipe ..ottt i i it it ittt ettt et eiaannns 284
API
5L [T T = PP 274

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 APPENDIX K TABLE

GENERAL NOTES: (8) This type or grade is permitted only in the seamless con-

(@ The allowable stress values and P-Number or S-Number dition.
issignments in Table K-1, together with the referenced Notes (9) If this grade is cold expanded, the most severely Heformed
and double bars [see Note (7) of Notes for Appendix A portion of a representative sample shall b& impadt tested in
[ables], are requirements of Chapter IX. accordance with para. K323.3.

(b)  otes (1) through (7) and Notes (17) and (18) are referenced (10) This material may require special consideration fof welding
n Table headings and in headings for material type and prod- qualification. See the BPV Code,-Seetion IX, QW/QB-422. For
uct form; Notes (8) through (16) and (19) through (21) are use in this Code, a qualified WPS-is required for dach
eferenced in the Notes column for specific materials. strength level of material.

(© At this time, metric equivalents have not been provided in (11) No welding is permitted oithis material.

[able K-1. To convert itress values in Table k-1 to MPa at a (12) Welds in components-shall be of a design that pdrmits fully
;'Ven_ temperat.ure in °C, determine the equivalent tempera-. interpretable radiographic examination; joint quality factor,
ure in °F and interpolate to calculate the stress value in ksi E,, shall be 1.004n ‘accordance with para. K302.3J

. . . i . . DSt
pt the given temperature. Multlp.ly by 6.895 to determine (13) Pipe furnished'to this specification shall be suppljed in the
hllowable stress in MPa at the given temperature. solution héat treated condition

@ [he fgllowmg labbrewatlons are ulsedd :Vtvhe Condltklog aCn\?\l (14) This unstabilized grade of stainless steel increasirjgly tends
p1z€ Range coiumns: ann., anneaied; A.IV., as worked; L. to precipitate intergranular carbides as the carbon content
old worked; HW., hot worked; hex., hexagons; 0.D., outside increases above 0.03%. See also para. F323.4(0 ().
jlamete-r; rd&’ r;)undts; rec., rectangles; rel., relieved; sq., (15)_ Stress values shown are for the lowest strength bhse mate-
quares; and str., stress. rial permitted by the specification to be used in the manufac-

NOTEY: ture of this grade of fitting. If a higher strength bdse material

(1)  The stress values in Table K-1 are allowable stresses in ten- is used, the higher stress values for that material|may be
jon in accordance with para. K302.3.1(a). Stress values in used in design.
hear and bearing are stated in para. K302.3.1(b), those in (16) Galvanized pipe furnished to this specification is hot permit-
ompression in para. K302.3.1(c). ted for pressure containing service. See para. K32j3.4.2(b).

(2)  pamples representative of all piping components, ag.well as (17) Pipe and tubing shall be examined for longitudingl defects in
heir fabrication welds, shall be impact tested in.actordance accordance with Table K305.1.2.
pith para. K323.3. (18) Material defects may be repaired by welding only[in accor-

3) aterial minimum service temperature shall be in accor- dance with para. K323.1.6.
lance with para. K323.2.2. (19) For material thickness > 127 mm (5 in.), the spec|fied mini-

(4) The temperature limit for materials shall*be in accordance mum tensile strength is 448 MPa (65 ksi).
vith para. K323.2.1. (20) For material thickness > 127 mm (5 in.), the spec|fied mini-

(5)  btress values printed in italics exceed two-thirds of the mum tensile strength is 483 MPa (70 ksi).
pxpected yield strength at Femperature. Stress values in bold- (21) At temperatures above 100°F, the allowable stresdes listed in
face are equal to 90% af yield strength at temperature. See Table A-1 for this material may be used for Chaptér IX appli-
bara. K302.3.2. cations. Alternatively, allowable stresses may be derived in

(6) A product analysis{of-the material shall be performed. See accordance with the requirements of para. K323.2.1.
bara. K323.1.5.

(7) Pee para. 328:221(f) for a description of P-Number and
b-Number'groupings. P-Numbers are indicated by number or
by a ndmber followed by a letter (e.g., 8, or 5B, or 11A).
b-Numibers are preceded by an S (e.g., S5-1).
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX!~% 8
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

s
Spec. or S-No. Type _ otrensth, kst
Material No. @) or Grade Notes Tensile Yield
Carbon Steel
Pipes and Tubes (17)
A 53 1 B 8)(16) 60 35
A 106 1 B L. 60 35
A 333 1 6 8) 60 35
A 334 1 6 ®) 60 35
API 5L S-1 B ®)©9 60 35
A 210 1 A-1 . 60 37
A 106 1 C - 70 40
A 210 1 C Ce 70 40
API 5L S-1 X42 B)@)(27) 60 42
API 5L S-1 X46 ®9)(21) 63 46
API 5L S-1 X52 ®©(21) 66 52
API 5L S-1 X56 (8)(9)(10)(21) 71 56
API 5L S-1 X60 ®)(9)(10)(21) 75 60
API 5L S-1 X65 ®)(9)(10)(21) 77 65
API 5L S-1 X70 (8)(9)(10)(21) 82 70
API 5L S-1 X80 (8)(9)(10)(21) 90 80
Forgings [and Fittings

A 234 1 WPB 8) 60 35
A 420 1 WPL6 8) 60 35
A 350 1 LF2 - 70 36
A 105 1 Ce e 70 36
A 234 1 WPC 8) 70 40

Low and Intfermediate Alloy Steel

Pipes @and Tubes (17)

C-%Mo A 335 3 P1 . 55 30

1Cr-%;Mo A 335 4 P12 . 60 32

1Y,Cr=-Y%Mm A335 4 P11 ... 60 30

5Cr-%,Mo A/335 5A P5 . 60 30

2Y,Cr-1Mo| A 335 5A P22 . 60 30
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Table K-1 Allowable Stresses in Tension for Metals for Chapter 1X!~¢ 18

Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Allowable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not

Exceeding
100 200 300 400 500 600 650 700 Type or Grade Spec. No.
Carbon Steel
Pipes and Tubes (17)
23.3 21.3 20.7 20.0 18.9 17.3 16.9 16.8 B A 53
23.3 21.3 20.7 20.0 18.9 17.3 16.9 16.8 B A 106
23.3 21.3 20.7 20.0 18.9 17.3 16.9 16.8 6 A 333
23.3 21.3 20.7 20.0 18.9 17.3 16.9 16.8 6 A 334
23.3 21.3 20.7 20.0 18.9 17.3 16.9 16.8 B API 5L
24.7 22.5 21.9 21.1 20.0 18.3 17.9 17.8 A-1 A 210
26.7 24.3 22.9 23.7 21.6 19.7 19.4 19.2 C A 106
26.7 24.3 22.9 23.7 21.6 19.7 19.4 19.2 C A 210
28.0 X42 API 5L
30.7 X46 API 5L
34.7 X52 API 5L
37.3 X56 API 5L
40.0 X60 API 5L
43.3 X65 API 5L
46.7 X70 API 5L
53.3 X80 API 5L
Forgings an(d Fittings
23.3 21.3 20.7 20.0 18.9 17.8 16.9 16.8 WPB A 234
23.3 21.3 20.7 20.0 18.9 173 16.9 16.8 WPL6 A 420
24.0 21.9 21.3 20.6 19.5 17.7 17.5 17.3 LF2 A 350
24.0 21.9 21.3 20.6 19.5 17.7 17.5 17.3 e A 105
26.7 24.3 23.7 22.9 2146 19.7 19.4 19.2 WPC A 234
Low and Intermediate Alloy Steel
Pipes and Thibes (17)
20.0 18.5 17.5 169 16.3 15.7 15.4 15.1 P1 A 335
21.3 19.3 18.1 17.3 16.7 16.3 16.1 15.8 P12 A 335
20.0 18.7 179 17.5 17.2 16.7 16.2 15.7 P11 A 335
20.0 18.1 174 17.2 17.1 16.8 16.6 16.3 P5 A 335
20.0 18.5 18.1 17.9 17.9 17.9 17.9 17.9 P22 A 335
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Table K-1 Allowable Stresses in Tension for Metals for Chapter 1X!~% 8 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. .
Spec. or S-No. Type Strength, ksi
Material No. @) or Grade Notes Tensile Yield

Low and Intermediate Alloy Steel (Cont’d)

Pipes and Tubes (17) (Cont’d)
3Y4Ni A333 9B 3 ®) 65 35
3Y,Ni A 334 9B 3 (8) 65 35
9Ni A 333 11A 8 ®) 100 75
9Ni A 334 11A 8 ®) 100 75

Forgings [and Fittings
3Y5Ni A 420 9B WPL3 8) 65 35
3Y5Ni A 350 9B LF3 70 37.5
1Cr-%Mo A 182 4 F12, Cl. 2 70 40
1Y,cr=-YMm A 182 4 F11, Cl. 2 70 40
Cc-Y5Mo A 182 3 F1 70 40
5Cr-YMo A 182 5B F5 70 40
2Y,Cr-1Mo| A 182 5A F22, CL 3 75 45
9Ni A 420 11A WPL8 ®) 100 75
3Y,Ni-1%/,qr-%Mo A 508 11A 4N, Cl. 2 115 100
Ni—Cr-Mo A 723 1,2,3Ck1 (11) 115 100
Ni-Cr-Mo A 723 1,,2;3'Cl. 2 (11) 135 120
Ni—Cr—-Mo A 723 52,303 (11) 155 140
Stainless Steel (5)

Pipes anfl Tubes (17)
16Cr-12Ni{2Mo A 312 8 TP316L (12) 70 25
316L, A 24p A 358 8 316L, Cl. 1 & 3 (12)(13) 70 25
16Cr—12Ni42Mo-N A 312 8 TP316LN (12) 75 30
316LN, A 2k0 A 358 8 316LN, Cl. 1 & 3 (12)(13) 75 30
18Cr-8Ni A312 8 TP304L (12) 70 25
304L, A 24D A 358 8 304L, Cl.1 &3 (12)(13) 70 25
18Cr—8Ni-N A 312 8 TP304LN (12) 75 30
304LN, A 2k0 A 358 8 304LN, Cl. 1 & 3 (12)(13) 75 30

276


https://asmenormdoc.com/api2/?name=ASME B31.3 2010.pdf

ASME B31.3-2010

Table K-1 Allowable Stresses in Tension for Metals for Chapter IX!-6 18 (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Allowable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not

Exceeding
100 200 250 300 400 500 600 650 700 Type or Grade Spec. No.
Low and Intermediate Alloy Steel (Cont’d)
Pipes and Tubes (17) (Cont’d)
23.3 21.3 20.7 20.0 18.9 17.3 17.0 15.7 3 A 333
23.3 21.3 A 20.7 20.0 18.9 17.3 17.0 15.7 3 A 334
50.0 48.0 47.0 8 A 333
50.0 48.0 47.0 8 A 334
Forgings and Fittings
23.3 21.3 19.6 WPL3 A 420
25.0 22.8 22.1 LF3 A 350
26.7 24.1 22.7 21.7 20.9 20.3 20.1 19.7 F12, @.2 A 182
26.7 24.6 23.4 22.5 21.7 20.9 20.5 20.1 F11Ck2 A 182
26.7 24.6 23.4 22.5 21.7 20.9 20.5 20.1 [ A 182
26.7 24.1 23.2 22.9 22.7 22.4 22.1 21.7 F5 A 182
30.0 27.5 26.1 25.5 24.8 24.3 24.0 23.7 F22, Cl. 3 A 182
50.0 48.0 47.0 WPL8 A 420
66.7 62.8 60.8 59.5 58.5 57.4 56,7 4N, Cl. 2 A 508
66.7 64.0 62.3 61.3 60.3 59.3 58.5 57.3 1,2,3C.1 A723
80.0 76.8 74.8 73.6 72.4 71.2 70.1 68.8 1,2,3Cl2 A723
93.3 89.6 87.3 85.9 84.5 83.1 81.9 80.3 1,2,3C.3 A723
Stainlgss Steel (5)
Pipes and Tlbes (17)
16.7 16.7 16.7 15.8 14.8 14.0 13.8 13.5 TP316L A 312
16.7 16.7 16.7 15.8 14.8 14.0 13.8 13.5 316L, Cl. 1 &3 A 358
20.0 20.0 20.0 18:9 17.5 16.5 16.0 15.6 TP316LN A 312
20.0 20.0 20.0 1879 17.5 16.5 16.0 15.6 316LN, Cl. 1 & 3 A 358
16.7 16.7 164 15.8 14.7 14.0 13.7 13.4 TP304L A 312
16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.4 304L, Cl.1 &3 A 358
20.0 20.0 20.0 18.6 17.5 16.4 16.1 15.9 TP304LN A312
20.0 20.0 20.0 18.6 17.5 16.4 16.1 15.9 304LN, Cl. 1 & 3 A 358
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Table K-1 Allowable Stresses in Tension for Metals for Chapter 1X!~% 8 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

S i
Spec. or S-No. Type s,
Material No. @) or Grade Notes Tensile Yield

Stainless Steel (5) (Cont’d)

Pipes and Tubes (17) (Cont’d)
18Cr—10Ni+4Ti A 312 8 TP321 70 25

smls. > ¥ in. thick
18Cr—10Ni+4Ti A 312 8 TP321 (12 75 30

smls. < 33 in. thick or wid.
321, A 240 A 358 8 321,Cl.1&3 12@13) 75 30
18Cr—8Ni A 312 8 TP304 12)(14) 75 30
304, A 240 A 358 8 304,Cl.1 &3 (12)(13)(2%) 75 30
16Cr-12Ni+2Mo A 312 8 TP316 (12)(1%) 75 30
316, A 240| A 358 8 316, Cl. 1 &3 @2)(13)(14) 75 30
18Cr-13Ni43Mo A 312 8 TP317 (12)(14) 75 30
18Cr—-10Ni1Ch A 312 8 TP347 (12) 75 30
347, A 240 A 358 8 347,Cl.1 &3 12)@3) 75 30
18Cr—8Ni-N A 312 8 TP304N 12)(14) 80 35
304N, A 240 A 358 8 304N, Cl. 1 &3 (12)(13)(14) 80 35
16Cr-12Ni4+2Mo—-N A 312 8 TP316N 12)(14) 80 35
316N, A 240 A 358 8 316N; Cl. 1 & 3 (12)(13)(14) 80 35

Forgings [and Fittings
16Cr-12Ni42Mo A 182 8 F316L (19) 70 25
16Cr-12Ni{2Mo A 403 8 WP316L, Cl. S & WX (12) 70 25
16Cr-12Ni42Mo—-N A 182 8 F316LN (20) 75 30
16Cr-12Ni42Mo—-N A 403 8 WP316LN, Cl. S & WX (12) 75 30
18Cr-8Ni A 182 8 F304L (19) 70 25
18Cr—8Ni A(403 8 WP304L, Cl. S & WX 12) 70 25
18Cr—8Ni—m A 182 8 F304LN (20) 75 30
18Cr-8Ni— A 403 8 WP304LN, Cl. S & WX 12) 75 30
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX!-6 18 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Allowable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not

Exceeding
100 200 250 300 400 500 600 650 700 Type or Grade Spec. No.
Stainless Steel (5) (Cont’d)
Pipes and Tubes (17) (Cont’d)
16.7 16.7 ce 16.7 16.7 16.1 15.2 14.9 14.6 1P321 A 312
smls. > % in. thick
20.0 20.0 Ce 20.0 20.0 19.4 18.3 17.9 17.5 TP321 A312
smls. < 34 in. thick & Wid.
20.0 20.0 ce 20.0 20.0 19.4 18.3 17.9 17.5 321,Cl.1&3 A 358
20.0 20.0 ce 20.0 18.6 17.5 16.4 16.1 15.9 TP304 A312
20.0 20.0 e 20.0 18.6 17.5 16.4 16.1 15.9 304, Cl. 1¢&3 A 358
20.0 20.0 e 20.0 19.3 18.0 17.0 16.7 16.3 TP316 A312
20.0 20.0 Ce 20.0 19.3 18.0 17.0 16.7 16.3 3165Cl.1&3 A 358
20.0 20.0 A 20.0 19.3 18.0 17.0 16.7 16.3 TP317 A312
20.0 20.0 A 20.0 20.0 20.0 19.4 19.0 186 TP347 A312
20.0 20.0 . 20.0 20.0 20.0 19.4 19.0 186 347,Cl.1&3 A 358
23.3 23.3 - 22.5 20.3 18.8 17.8 17.6 17.2 TP304N A312
23.3 23.3 . 22.5 20.3 18.8 17.8 17.6 17.2 304N, Cl.1&3 A 358
23.3 23.3 e 23.3 23.3 22.2 21.1 20.5 20.1 TP316N A312
23.3 23.3 . 23.3 23.3 22.2 214 20.5 20.1 316N,Cl.1&3 A 358
Forgings anld Fittings
16.7 16.7 A 16.7 15.8 14.8 14.0 13.8 13.5 F316L A 182
16.7 16.7 . 16.7 15.8 148 14.0 13.8 13.5 WP316L, Cl. S & WX A 403
20.0 20.0 . 20.0 18.9 17.5 16.5 16.0 15.6 F316LN A 182
20.0 20.0 A 20.0 18.9 17.5 16.5 16.0 15.6 WP316LN, Cl. S & WX A 403
16.7 16.7 e 16.7 15.8 14.7 14.0 13.7 13.4 F304L A 182
16.7 16.7 - 16.7 15.8 14.7 14.0 13.7 13.4 WP304L, Cl. S & WX A 403
20.0 20.0 e 20,0 18.6 17.5 16.4 16.1 15.9 F304LN A 182
20.0 20.0 A 20.0 18.6 17.5 16.4 16.1 15.9 WP304LN, CL. S & WX A 403
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Table K-1 Allowable Stresses in Tension for Metals for Chapter 1X!~% 8 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. .
Spec. or S-No. Type Strength, ksi
Material No. @) or Grade Notes Tensile Yield
Stainless Steel (5) (Cont’d)
Forgings and Fittings (Cont’d)
18Cr—10Ni+4Ti A 182 8 F321 (20) 75 30
18Cr—10Ni+Ti A 403 8 WP321, Cl. S & WX (12) 75 30
18Cr—8Ni A 182 8 F304 (14)(20) 75 30
18Cr—8Ni A 403 8 WP304, Cl. S & WX (12)(14) 75 30
16Cr-12Ni42Mo A 182 8 F316 (14)(20) 75 30
16Cr-12Ni4+2Mo A 403 8 WP316, Cl. S & WX (12)(14) 75 30
18Cr-13Ni+3Mo A 403 8 WP317, Cl. S & WX (12)(14) 75 30
18Cr-10Ni1Cb A 182 8 F347 (20) 75 30
18Cr-10Ni¢Ch A 403 8 WP347, Cl. S & WX (12) 75 30
18Cr—8Ni—m A 182 8 F304N (14) 80 35
18Cr-8Ni- A 403 8 WP304N, Cl. S & WX (12)(14) 80 35
16Cr-12Ni4+2Mo-N A 182 8 F316N 14) 80 35
16Cr-12Ni42Mo-N A 403 8 WP316N, Cl. S.& WX (12)(14) 80 35
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX1-6: 18 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Allowable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not

Exceeding
100 200 250 300 400 500 600 650 700 Type or Grade Spec. No.
Stainless Steel (5) (Cont’d)
Forgings and Fittings (Cont’d)
20.0 20.0 e 20.0 20.0 19.4 18.3 17.9 17.5 F321 A182
20.0 20.0 A 20.0 20.0 19.4 18.3 17.9 17.5 WP321, Cl. S & WX A 403
20.0 20.0 A 20.0 18.6 17.5 16.4 16.1 15.9 F304 A 182
20.0 20.0 . 20.0 18.6 17.5 16.4 16.1 15.9 WP304, Cl. S & WX A 403
20.0 20.0 e 20.0 19.3 18.0 17.0 16.7 16.3 F316 A182
20.0 20.0 c. 20.0 19.3 18.0 17.0 16.7 16.3 WP316, Cl,.S &WX A 403
20.0 20.0 e 20.0 19.3 18.0 17.0 16.7 16.3 WP317, €hS& WX A 403
20.0 20.0 e 20.0 20.0 20.0 19.4 19.0 18.6 F347 A 182
20.0 20.0 Ce 20.0 20.0 20.0 19.4 19.0 18.6 WP347, Cl. S & WX A 403
23.3 23.3 e 22.5 20.3 18.8 17.8 17.6 17.2 F304N A 182
23.3 23.3 A 22.5 20.3 18.8 17.8 17.6 17.2 WP304N, Cl. S & WX A 403
23.3 23.3 e 23.3 23.3 22.2 21.0 20.5 20.1 F316N A 182
23.3 23.3 . 23.3 23.3 22.2 21.0 20.5 20.1 WP316N, Cl. S & WX A 403
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Table K-1 Allowable Stresses in Tension for Metals for Chapter 1X!~% 8 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

S
Spec. or S-No. UNS Range, sth,
Material No. @) Number Condition in. Notes Tensile Yield

Nickel and Nickel Alloy (5)
Pipes and Tubes (17)

Ni—Cu B 165 42 N04400 Annealed > 5 0.D. C.. 70 D5
Ni—Cr-Fe B 167 43 N06600 H.W. > 5 0.D. - 75 D5
Ni—Cr—Fe B 167 43 N06600 H.W. ann. > 5 0.D. . 75 P5
Ni—Cu B 165 42 N04400 Annealed <5 0.D. e 70 ]
Ni—Cr-Fe B 167 43 N06600 H.W. <5 0.D. R 80 BO
Ni—Cr-Fe B 167 43 N06600 HW. ann. <5 0.D. - 80 BO
Ni—Cr-Fe B 167 43 N06600 CW. ann. > 5 0.D. 7~ 80 BO
Ni—Cr—Fe B 167 43 N06600 CW. ann. <5 0.D. R 80 B5
Ni-Mo-Cr B 622 44 N10276 - All - 100 11
Ni—Cu B 165 42 N04400 Str. rel. All ce 85 b5

Forgings [and Fittings

Ni—Cu B 366 S-42 N04400 - All (12)(15) 70 D5
Ni—Cu B 564 42 N04400 Annealed All . 70 P5
Ni—Cr—Fe B 366 S-43 N06600 R All (12)(15) 75 P5
Ni—Cr—Fe B 564 43 N06600 Annealed All . 80 B5
Ni-Mo-Cr B 366 44 N10276 R All 12 100 11
Ni—Mo—-Cr B 564 44 N10276 Annealed All C 100 1
Rod and [Bar
Ni—Cu B 164 42 N04400 Annealed All ce 70 D5
Ni—Cr—Fe B 166 43 N06600 CW.canpv"& HW. ann. All C 80 B5
Ni—Cr—Fe B 166 43 N06600 H.W., " AW. Sq., rec. & hex. - 85 B5
Ni—Cr—Fe B 166 43 N06600 HW., AW. > 3 rd. - 85 B5
Ni—-Cu B 164 42 N04400 H.W. Rod, sq. & rec. <12, ce 80 o
hex. < 2%
Ni—Cr—Fe B 166 43 NO6600 HW., AW. Y, to 3 rd. - 90 10
Ni—Mo-Cr B 574 44 N10276 RN All A 100 1
Ni-Cr-Fe B 166 S-43 N06600 HW., AW. Y, to Y, rd. e 95 V5
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX1-6: 18 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Allowable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not
Exceeding UNS

100 200 250 300 400 500 600 650 700 Number Spec. No.

Nickel and Nickel Alloy (5)
Pipes and Tubes (17)

16.7 147 .. 13.7 132 13.2 13.2 13.2 13.2 NO4400 B 165
16.7 16.7 R 16.7 16.7 16.7 16.7 16.7 16.7 N06600 B 167
16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 N06600 B 167
18.7 16.5 . 15.4 14.8 14.8 14.8 14.8 14.8 NO4400 B 165
20.0 20.0 . 20.0 20.0 20.0 20.0 20.0 20,0 N06600 B 167
20.0 20.0 R 20.0 20.0 20.0 20.0 20.0 20:0 N06600 B 167
20.0 20.0 . 20.0 20.0 20.0 20.0 20.0 20.0 N06600 B 167
23.3 23.3 .. 23.3 23.3 23.3 23.3 23.3 23.3 N06600 B 167
27.3 27.3 . 27.3 27.3 26.9 25.2 24.6 24.0 N10276 B 622
36.7 32.3 . 30.2 29.1 29.1 . ¢. . - N04400 B 165

Forgings and Fittings

16.7 14.7 .. 13.7 13.2 13.2 13.2 13.2 13.2 N04400 B 366
16.7 14.7 A 13.7 13.2 13.2 13.2 13.2 13.2 N04400 B 564
16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 N06600 B 366
23.3 23.3 ce 23.3 23.3 23.3 23.3 23.3 23.3 N06600 B 564
27.3 27.3 S 27.3 27.3 26.9 25.2 24.6 24.0 N10276 B 366
27.3 27.3 ce 27.3 27.3 26.9 25.2 24.6 24.0 N10276 B 564
Ro[d and Bar
16.7 14.7 .. 13.7 13.2 13.2 13.2 13.2 13.2 N04400 B 164
23.3 23.3 A 23.3 23.3 23.3 23.3 23.3 23.3 N06600 B 166
23.3 23.3 . 23.3 233 23.3 23.3 23.3 23.3 N06600 B 166
23.3 23.3 . 23.3 23.3 23.3 23.3 23.3 23.3 N06600 B 166
26.7 23.5 Ce 2129 21.2 21.2 21.2 21.2 21.2 N04400 B 164
26.7 24.5 .. 23.1 22.0 21.2 20.7 20.6 20.4 N06600 B 166
27.3 27.3 P 27.3 27.3 26.9 25.2 24.6 24.0 N10276 B 574
30.0 21.2 N 21.2 21.2 21.2 21.2 21.2 21.1 N06600 B 166
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Table K-1 Allowable Stresses in Tension for Metals for Chapter 1X!~% 8 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

ot
Spec. or S-No. s,
Material No. @) Grade Notes Tensile Yield
Titanium and Titanium Alloy
Pipes and Tubes (17))
Ti B 861 51 2 e 50 40
Ti B 338 51 2 ® 50 40
Ti-0.2 Pd B 861 51 7 e 50 40
Ti-0.2 Pd B 338 51 7 ® 50 40
Ti B 861 52 3 e 65 55
Ti B 338 52 3 ® 65 55
Forgings [and Fittings
Ti B 363 51 WPT2 ® 50 40
Ti B 381 51 F2 . 50 40
Ti-0.2 Pd B 381 51 F7 A 50 40
Ti B 363 52 WPT3 (8) 65 55
Ti B 381 52 F3 A4 65 55
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX!-5 18 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Allowable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not

Exceeding
100 200 250 300 400 500 600 650 700 Grade Spec. No.
Titanium and Titanium Alloy
Pipes and Tubes (17)
26.7 21.0 e 1/7.1 13.1 9.9 /.6 e e 2 B 861
26.7 21.0 Ce 17.1 13.1 9.9 7.6 A A 2 B 338
26.7 21.0 A 17.1 13.1 9.9 7.6 A Ce 7 B 861
26.7 21.0 e 17.1 13.1 9.9 7.6 7 B 338
36.7 29.3 A 23.8 19.1 15.0 11.4 c. Ce 3 B 861
36.7 29.3 A 23.8 19.1 15.0 11.4 A ) 3 B 338
Forgings anld Fittings
26.7 21.0 e 17.1 13.1 9.9 7.6 A Ce WPT2 B 363
26.7 21.0 . 17.1 13.1 9.9 7.6 - Ce F2 B 381
26.7 21.0 e 17.1 13.1 9.9 7.6 PR, A F7 B 381
36.7 29.3 A 23.8 19.1 15.0 11.4 ce ce WPT3 B 363
36.7 29.3 A 23.8 19.1 15.0 11.4 . Ce F3 B 381
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APPENDIX L
ALUMINUM ALLOY PIPE FLANGES

L300 GENERAL

expansion and expansion rates between components of

This Appendix covers pressure—temperature ratings,
materials}| dimensions, and marking of forged aluminum
alloy flanjges, as an alternative to applying the rules in
paras. 304.5.1(b) and 304.5.2(b). DN 15 (NPS %) through
DN 600 (NPS 24) flanges may be welding neck, slip-on,
socket welding, lapped, or blind in ratings of Classes
150, 300, fand 600.

Requir¢ments and recommendations regarding bolt-
ing and gaskets are included.

L301 PRESSURE-TEMPERATURE RATINGS
L301.1 Ratings Basis

Rating$ are maximum allowable working gage pres-
sures at the temperatures shown in Tables L301.2M and
L301.2U for the applicable material and pressure Class.
For intermediate temperatures, linear interpolation is
permitted.

L301.2 Ratings of Flanged Joints

(a) In 3ddition to the considerations in para. F312:1,
considergtion must be given to the low modulus'ef elas-
ticity of gluminum alloys. External moments should be
limited, and controlled bolt tightening omother tech-
niques may be necessary to achieve and maintain a leak-
free joint

(b) Forfratings of slip-on and socket welding flanges
made of Alloy 6061-T6, see Tables 1.301.2M and 1L.301.2U,
Note (3).

L301.3 Temperature Considerations

Application of the¥atings in this Appendix to flanged
joints at Both highdand low temperatures shall take into
considerption the risk of leakage due to forces and
moments| developed in the connected piping or equip-
ment. Théefottowir Tg PTOVISIOITS are terndetHto T ze
these risks.

L301.3.1 Flange Attachment. Slip-on and socket
welding flanges are not recommended for service below
—50°F if flanges are subject to thermal cycling.

L301.3.2 Differential Thermal Expansion and Conduc-
tivity. Because aluminum alloys have thermal expan-
sion coefficients approximately twice those for steel, and
thermal conductivity approximately three times that of
steel, it may be necessary to provide for differential

the flanged joint. Consideration shall be given toth¢rmal
transients (e.g., startup, shutdown, and upset)in pddi-
tion to the operating temperature of the joint!
L301.4 Hydrostatic Test

A flange shall be capable of withstanding a hydro-
static test at 1.5 times its 100°F préssure rating.

L302 MARKING

Marking shall bedn* accordance with MSS SP-25,
except as follows. Marking shall be stamped on theledge
of each flange:
L302.1 Name

The manufacturer’s name or trademark shgll be
applied.

1:302.2 Material

The marking ASTM B 247 shall be applied, follpwed
by the applicable alloy and temper designations.
L302.3 Rating

The marking shall be the applicable rating Clasg: 150,
300, or 600.

L302.4 Designation
The marking B31.3L shall be applied.

L302.5 Size

The marking of NPS shall be applied. A reducing size
shall be designated by its two nominal pipe sizes. See
examples in Note (4) of Table 6, ASME B16.5.

L303 MATERIALS
[303.1 Flange Material

Flanges shall be forgings conforming to ASTM B 247.
For specific alloys and tempers, see Tables L301.2M and
L301.2U. For precautions in use, see para. 323.5 and
Appendix F, para. F323.

L303.1.1 Repair Welding of Flanges. Repair welding
of flanges manufactured to this Appendix shall be
restricted to any damaged areas of the weld bevel of
welding neck flanges unless specifically approved by
the Purchaser after consideration of the extent, location,
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Table L301.2M

Pressure-Temperature Ratings (Metric Units)

Class 150 Class 300 Class 600
Material ASTM B 247 Temperature [Note (1)] Temperature [Note (1)] Temperature [Note (1)]

Alloy, Temper 38 66 93 121 38 66 93 121 38 66 93 121
3003-H112 275 275 240 240 725 690 655 655 1415 1380 1345 1275
6061-T6 [Note (2)] 1895 1860 1825 1795 4 965 4 895 4 825 4 655 9 930 9790 9 655 9 345
6061-T6 [Note (3)] 1265 1240 1215 1195 3310 3265 3215 3105 6 620 6 525 6 435 6 230

GENERAL NOTE: _Pressures are in kPa; temperatures are in °C.
NOTES:
(1) THe minimum temperature is —269°C (-425°F). The maximum rating below 38°C (100°F) shall be the rating shown for 38°C.
(2) R4gtings apply to welding neck, lapped, and blind flanges.
(3) Rdtings apply to slip-on and socket welding flanges.
Table L301.2U  Pressure-Temperature Ratings (U.S. Customary Units)
Class 150 Class 300 Class 600
Materlal ASTM B 247 Temperature [Note (1)] Temperature [Note (1)] Temperature [Note [1)]
Alloy and Temper 100 150 200 250 100 150 200 250 100 150 200 250
3003-H112 40 40 35 35 105 100 95 95 205 200 195 185
6067-T6 [Note (2)] 275 270 265 260 720 710 700 675 1440 1420 1 40( 1355
6061-T6 [Note (3)] 185 180 175 175 480 475 465 450 960 945 935 905
GENERAL NOTE: Pressures are in psig; temperatures are in °F.
NOTEY:
(1) THe minimum temperature is —269°C (-425°F). The maximum rating below 38°C (100°F) shall be the rating shown for 38°C.
(2) Rdtings apply to welding neck, lapped, and blind flanges.
(3) Rdtings apply to slip-on and socket welding flanges.
Table L303.2 Aluminum Bolting Materials L303.2.2 Intermediate Strength Bolting.| Bolting
ASTM [Specification Alloy Temper rrraterlals in Table L303.2, and bolting listed as interme-
diate strength in ASME B16.5, Table 1B, may be used in
B 211 2014 T6, T261 any flanged joints. See para. L305.
B 211 2024 T4 . ) )
B 211 %061 T6, T261 L303.2.3 Low Strength Bolting. Bolting |[materials
listed as low strength in ASME B16.5, Table 1B, may be
GENEHRAL NOTE: Repair welding,of bolting material is prohibited. used in Classes 150 and 300 flanged joints. [See para.
L305.
L303.3 Gaskets
and effect on,temper and ductility. Repair welding of . .
p Y- Rep g. Gaskets listed in ASME B16.5, Annex C, [Table C1,
any grea othef than the weld bevel on 6061-T6 welding : . .
. Group Ia may be used with any rating Class and bolting.
neckflangesshall restrict the pressure/temperature rat-
ings [to those spec1f1ed for slip-on and socket weldlng L303 341 Gaskets for Low Strength Boltln. If bolt-
: -3) is used,

ing shall be performed in accordance with para. 328.6.

L303.2 Bolting Materials

Bolting listed in Table L303.2 and in ASME B16.5,
Table 1B, may be used subject to the following
limitations.

L303.2.1 High Strength Bolting. Bolting materials
listed as high strength in ASME B16.5, Table 1B, may
be used in any flanged joints. See para. L305.

287

gaskets listed in ASME B16 5, Annex C Table C1, Group
Ia shall be used.

L303.3.2 Gaskets for Class 150 Flanged Joints. It is
recommended that only gaskets listed in ASME B16.5,
Annex C, Table C1, Group Ia be used.

L303.3.3 Gaskets for Class 300 and Higher Flanged
Joints. It is recommended that only gaskets listed in
ASME B16.5, Annex C, Table C1, Group I be used. For
gaskets in Group Ib, line flanges should be of the welding
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neck or lapped joint type; controlled-torque tightening
practices should be used.

L304 DIMENSIONS AND FACINGS

(a) Flanges shall meet the dimensional and tolerance
requirements of ASME B16.5.

L305 DESIGN CONSIDERATIONS

The following design considerations are applicable to
all flanged joints which incorporate a flange manufac-
tured to this Appendix:

(a) The differential expansion within a flanged joint
must be considered; also, see para. F312.

(b) Where a gasket other than those recommended in
para. L303.3 is specified, the designer shall verify by
calculations the ability of the selected bolting to seat the

(b) Flafige Tacing and facing finish shall be i accor-
dance with ASME B16.5, except that small male and
female fakings (on ends of pipe) shall not be used.

selected gaskef and maintain a sealed joint undgr the
expected operating conditions without oversstressing
the components.
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APPENDIX M
GUIDE TO CLASSIFYING FLUID SERVICES

See Fig. M300.
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APPENDIX P
ALTERNATIVE RULES FOR EVALUATING STRESS RANGE

P300 GENERAL

directly from Table A-1 at ambient temperature and the

(a)] This Appendix provides alternative rules for eval-
uating the stress range in piping systems. The piping
system is compliant with the displacement stress range
requirements of the Code if the stress range evaluation
of the piping system satisfies either the requirements of
Chapjter II or the requirements of this Appendix. This
Appéndix considers stresses at operating conditions,
including both displacement and sustained loads, rather
than displacement stress range only. The method is more
comprehensive than that provided in Chapter II and is
morg suitable for computer analysis of piping systems,
inclyding nonlinear effects such as pipes lifting off
suppprts.

(b)| The paragraph numbers of this Appendix, except
for ppra. P300, correspond to those of Chapters I and II
of the base Code. The prefix P is used.

(c)]In the application of these alternative rules, all of
the grovisions of Chapters I and II of the base Code
apply, except those that are specifically modified by this
Appéndix.

P300.2 Definitions

Replace the definition of severe cyclic conditions with
the following:

severe cyclic conditions: conditions-applying to specific
pipirlg components or joints in which Sg, computed in
accordance with para. P319:4.4, exceeds 0.85g4 [as
definfed in para. P302.3.5(d)]and the equivalent number
of cyfles [N in para. P302.3,5(d)] exceeds 7 000; or other
cond

302.3

metal temperature for the operating conditlon being
evaluated. For those materials whose ratio, of| specified
minimum yield strength to specified minimym tensile
strength exceeds 0.8, the allowableroperating|stress for
the condition, S,4, shall be reduded by 15%.
Son = 1554 Sp) (Pla)
For each evaluated range' of conditions, the pperating
stress range for eagh-component in a pipirlg system
[see paras. 319.4.4%and P319.4.4(a)] shall not ¢xceed its
allowable operating stress range, Sg (see pargs. 319.2.3
and 319.3.4); calculated by eq. (P1b). The operating stress
range is the range of stress between any two pperating
conditions, including the ranges between opergting con-
ditions“and a sustained case with the piping at ambient
temperature. For eq. (P1b), S, and Sy, are the balsic allow-
able stresses defined in para. 302.3.5(d) and obtained at
the metal temperatures of the two operating donditions
being evaluated.
Sea = 125 AS. + Sp) (P1b)
When there is more than one operating stresg range to
be evaluated, whether from thermal expansion or other
conditions, Sg is defined as the greatest cpmputed
operating stress range that is used in calculating N and in
determining if the pipe is under severe cyclic cpnditions.
The value of N in such cases can be calcylated by
eq. (P1d)

tions which the designer determines will produce 5 _
an equivalent effect; N=Ne+Z(iN)fori =1,2,....n (P1d)
where
P302.3.5\ Limits of Calculated Stresses Due to Sus- Ng = number of cycles of maximum cpmputed
tained Loads'and Displacement Strains. Replace para. operating stress range, Sg
5(d)-and revise para. 302.3.5(e) with the following. N; = number of cycles associated with ¢omputed
See para—362:3-5(t)for monmerctatureand-footmotes: Operating stress Tange, ;¢ = 1, 2, . )
(d) Allowable Operating Stress and Operating Stress ri = Si/Sg
Range. For each evaluated operating condition, the S; = any computed operating stress range smaller

operating stress, S,, for each component in a piping
system [see para. P319.4.4(a)] shall not exceed its allow-
able operating stress, S,4, calculated by eq. (Pla). The
operating stress is the calculated stress at any operating
condition, including pressure, weight and other sus-
tained loads, and displacement. Occasional loads (see
para. 302.3.5) are not required to be included. For eq.
(Pla), S. and Sy, are the basic allowable stresses obtained

291

than Sp (i = 1,2,...)

(e) Weld Joint Strength Reduction Factor, W. Paragraph
302.3.5(e) applies, except that “both the allowable
operating stress, S,4, and the allowable operating stress
range, Sga, in para. P302.3.5(d)” replaces “allowable
stress range for displacement stresses, S,, in para.
302.3.5(d).”
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P319.4.4 Flexibility Stresses. Paragraph 319.4.4 is
applicable, except that subparagraph (a) and eq. (17) are
replaced with the following:

(a) The operating stress (and operating stress range)
due to bending, torsion, and axial loads (and load
ranges) shall be computed using the reference modulus
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. (P17a) to determine the operating stress, S,, for

P319.5 Reactions

Replace para. 319.5 with the following:

Reaction forces and moments used to design restraints
and supports for a piping system, and to evaluate the
effects of piping displacement on connected equipment,
shall be based on the maximum load from operating
conditions, including weight, pressure, and other sus-
tained loads; thermal displacement; and, where applica-
ble, occasional loads. The reactions shall be calculated

each operj:ating cordition beingevatuated arnd eq- (P17b)
to determine the operating stress range for the range
between pny two operating conditions.

So = (IS + Sp)* + 452 (P17a)

Se = J(S4 + S,)* + 452 (P17b)
The definjitions in para. 319.4.4 apply, with the following
additiondl definitions:

A, = cfoss-sectional area of the pipe

F, xial force, including that due to internal
ressure
kial force stress intensification factor. In the
bsence of more applicable data, i, = 1.0 for
bows, pipe bends, and miter bends (single,
osely spaced, and widely spaced), and i, =
(or i when listed) in Appendix D for other
bmponents; also see para. 319.3.6.

ress due to axial force = i,F,/A,

I

S0 0o ph o

2 o)

Sa

P319.41.5 Required Weld Quality Assurance. Para-
graph 31p.4.5 applies, except that Sg4 replaces S and
“para. P302.3.5” replaces “para. 302.3.5.”

using the modulus of elasticity at the temperatyre of
the condition, E,, (E, may be used instead of"E;; when
it provides a more conservative result). The-temperature
of the condition may differ in different locations within
the piping system.

Where cold spring is used in the-piping system, pxpe-
rience has shown that it cannopbe*fully assured. There-
fore, the reactions shall be tcomputed both with the
assumption that only twosthirds of the design| cold
spring is present, and withfour-thirds of the design cold
spring present.

If it is necessary(to determine the reactions at anjbient
temperature, thie designer shall consider loads af that
condition, ineluding the design cold spring andl self
springing ef piping. Self springing may occur {f the
operating stress in the piping system exceeds the|yield
strengthrof the material or if the piping operates af tem-
peratures in the creep range of the material.

P319.5.1 Maximum Reactions for Simple Systems.
Paragraph 319.5.1 is not applicable.

P319.5.2 Maximum Reactions for Complex
tems. Paragraph 319.5.2 is not applicable.

Sys-

292


https://asmenormdoc.com/api2/?name=ASME B31.3 2010.pdf

ASME B31.3-2010

APPENDIX Q
QUALITY SYSTEM PROGRAM

[This Appendix is a Code requirement only when specified by the owner in accordance with para. 300(b)(1).]

Design, construction, inspection, examination, testing, manufacture, fabrication, and erection of pipirg
dance with this Code shall be performed under a Quality System Program following the principles(ofan ap

stand

availpble upon request. A determination of the need for registration and/or certification of ‘the quali

prog

! The series is also available from the American National Standards Institute (ANSI) and thé-American Society for Quali
Amer}can National Standards that are identified by a prefix “Q” replacing the prefix “ISO.” Bach standard of the series is 1
Appendix E.

in accor-

propriate

ard such as the ISO 9000 series.! The details describing the quality system shall be docufiiented an{l shall be

am shall be the responsibility of the owner.

293
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APPENDIX S
PIPING SYSTEM STRESS ANALYSIS EXAMPLES

S$S300 INTRODUCTION

Fig. $301.1 Simple Code Compliant Model

The exdmple in this Appendix is intended to illustrate
the applifation of the rules and definitions in Chapter
II, Part 5] Flexibility and Support; and the stress limits
of para. 302.3.5. The loadings and conditions necessary
to comply with the intent of the Code are presented.

S300.1 Definitions and Nomenclature

global axds: These are Cartesian X, Y, and Z axes. In
this App¢ndix, vertically upward is taken to be the +Y
direction|with gravity acting in the —Y direction.

P;: piping internal pressure; see para. 301.2; when more
than one [condition exists for the piping system, each is
subscripted (e.g., P, P, ...)

T;: pipe maximum or minimum metal temperature; see
paras. 301.3 and 319.3.1(a); when more than one condi-
tion exisfs for the piping system, each is subscripted

(eg., Ty, [ -.0)

Y+: a “sihgle acting support” that provides support in
only the yertically upward direction and is considered
to be “acfive” when the pipe exerts a downward force
on the sypport. The pipe is free to move upward,’i.e.,
the pipe {lifts off” the support; the support in\the “lift-
off” situaltion is considered to be “removed” from pro-
viding sypport, i.e., inactive, during the-léad condition

thlckness 0f 9.53 mm (0 375in.), 127 mm (5 in. ) thlckness
of calcium silicate insulation, and 1.59 mm (0.063 in.)
corrosion allowance; the fluid has a specific gravity of
1.0. The equivalent number of cycles expected for the
piping system is fewer than 7 000 [i.e., f = 1.00 in accor-
dance with para. 302.3.5(d)].

The piping system is in normal fluid service. The
installation temperature is 21°C (70°F). The reference
modulus of elasticity used for the piping analysis is
203.4 GPa (29.5 Msi) from Appendix C, Table C-6 in

294
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Table S301.1 Temperature/Pressure

Combinations
Conditions Pressure Tempergature

Design conditions 3795 kPa (550 psi) 288°C (5p0°F)
Operating (P1,T7) 3 450 kPa (500 psi) 260°C (5p0°F)

maximum metal

temperature
Operating (P,,T) 0 kPa (0 psi) —1°C (30pF)

minimum metal

temperature
Installation temperature 0 kPa (0 psi) 21°C (70PF)

accordance with paras. 319.3.2 and 319.4.4, and Pois
ratio is 0.3 in accordance with para. 319.3.3.

The piping internal pressure, maximum and
mum metal temperatures expected during nqrmal
operation, and the design conditions are listpd in
Table 8301 1. The des1gn condltlons are set suffic

addltlonal margin on the allowable stress for pressure
design as required by the owner.

S$301.2 Design Conditions

The design conditions establish the pressure rating,
flange ratings, component ratings, and minimum
required pipe wall thickness in accordance with para.
301.2.1. For example, ASME B16.5 requires a minimum
of Class 300 for ASTM A 105 flanges. Also, the minimum
required pipe wall thickness, t,,, is determined from the


https://asmenormdoc.com/api2/?name=ASME B31.3 2010.pdf

ASME B31.3-2010

design conditions by inserting eq. (3a) into eq. (2); terms
are defined in para. 304.1.1 and Appendix J:
E =10
P = design pressure
3795 kPa (550 psi)
S = allowable stress from Appendix A, Table A-1
= 125 MPa (18.1 ksi) at design temperature 288°C
(550°F)

Table S301.3.1 Generic Pipe Stress Model Input

Term Value

Operating conditions:
internal pressure, P,
maximum metal temp., T,
minimum metal temp., T,
installation temperature

3 450 kPa (500 psi)
260°C (500°F)

—-1°C (30°F)

21°C (70°F)

Y = 0.4 from Table 304.1.1 Line size DN 400 (NPS 16)
Pipe Schedule 30/STD_9.53 mm

Indert eq. (3a) into eq. (2): (0.375 in)
Mechanical allowance, ¢ 1.59 mm (0.063\in>)

PD .
th =t+c= 3SE 1 PY) +c Mill tolerance 12.5%
(SE + PY) Elbows Long radius
Fluid specific gravity 1.0
(3795 kPa)(406.4 mm)
+1.59 mm Insulation thickness 127 )mm (5 in.)

= "2[(125 MPa)(1.00) + (3795 kPa)(0.4)]

= 6.10 mm + 1.59 mm = 7.69 mm (0.303 in.)

In pccordance with para. 304.1.2(a), t must be less than
D/6 for eq. (3a) to be appropriate without considering
additional factors to compute the pressure design thick-
ness,|t (i.e.,, t < D/6, or 7.69 mm < 406.4 mm/6). Since
7.69 mm (0.303 in.) < 67.7 mm (2.67 in.), eq. (3a) is
applicable without special consideration of factors listed
in para. 304.1.2(b).

Ngw select a pipe schedule of adequate thickness.
Determine the specified minimum pipe wall thickness,
T, frgm nominal pipe wall thickness, T, considering \a
mill folerance of 12.5%.

Select DN 400 (NPS 16) Schedule 30/STD.nominal
wall fthickness from ASME B36.10M:

T = 9.53 mm (0.375 in.)

T (9.53 mm)(1.00 — 0.125) = 8.34 mm (0.328 in.)

Sincg T > t,, (i.e., 8.34 mm > 7.69 mm), the selection of
the npminal pipe wall thickness, T for Schedule 30/STD
pipe fis acceptable. The long raditis elbows specified for
this piping system are in.dccordance with ASME B16.9
and qire specified to benfor use with Schedule 30/STD
wall fthickness pipe,

S$301.3 Computer-Model Input

Talples S301341 and S301.3.2 list the “node numbers,”
lengths,etcy, for each piping element displayed in
Fig. p301:1. A bend radius of 1.5 times the nominal

Insulation density 176 kg/m> (11.0 lbmfft)

Pipe material ASTM A 106 Grade B

Pipe density 7 833.4 kg/m> (0.283[lbm/in.3)
Total weight 7 439 kg (16,400 lbm

Unit weight 248.3 kg/m (166.9 Ibm/ft)

(e), include axial load and internal pressurg force in
the sustained stress, S;
(f) intensify the elbows’ in-plane bending npoment in
the calculation of the elbows’ effective stregs due to
sustained loads, S,

S301.4 Pressure Effects

For the operating, sustained, and displacenent stress
range load cases, the effect of pressure stiffening on the
elbows is included to determine the end reqctions in
accordance with Appendix D, Note (7). The [effects of
pressure-induced elongation and Bourdon effefts are not
included, as both are deemed negligible for this particu-
lar example.

S301.5 The Operating Load Case

The operating load case is used to detenmine the
operating position of the piping and reaction{loads for
any attached equipment, anchors, supports, guides, or
stops. The operating load case is based on the|tempera-

pipe diameterte 0o mm-2e-trHardnomim et
thickness of 9.53 mm (0.375 in.) are used for the elbows
in the computer model.

Generic computer program option “flags” are as
follows:

(a) include pressure stiffening on elbows

(b) exclude pressure thrust and Bourdon effects

(c) use nominal section properties for both the stiff-
ness matrix and the displacement stress analysis

(d) use “nominal less allowances” section properties
for sustained stress, Sy,

'u.uc ldlléc IlUlll 'L}lC iublaﬂaliuu i.UlllPClai.ul C Of 210C
(70°F) to the maximum operating metal temperature of
260°C (500°F), in accordance with para. 319.3.1(b). The
operating load case in this example also includes the
effects of internal pressure, pipe weight, insulation
weight, and fluid weight on the piping system. Both pipe
stiffness and stress are based on the nominal thickness of
the pipe. Pipe deflections and internal reaction loads for
the operating load case are listed in Table S301.5.1. Pip-
ing loads acting on the anchors and support structure
are listed in Table S301.5.2.

(10
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Table $301.3.2 Element Connectivity, Type, and Lengths

Dx, DYS

From To m (ft) m (ft) Element Type

10 15 6.10 (20) - 10 anchor

15 bisection node

15 20 6.10 (20) . 20 Y support

20 30 3.05 (10) - Three-node elbow [Note (1)]
20 4O 10-(30) Th | 1k INata (4]
36 46 61+6-36) Frree-rode-etbowNote—-{H]
40 45 3.05 (10) ... Informational node

45 50 6.10 (20) .. 50 anchor

GENERAL NOTE: This piping system is planar, i.e., D, = 0 m (ft) for each piping element.

NOTE:

(1) The specified element lengths are measured to and/or from each elbow’s tangent intersection
point.

Table S301.5.1 Operating Load Case Results: Internal Loads)yand Deflections

Bending
Axial Force, Moment, Horizental Vertical
N (lb) N-m (ft-lb) Deflection, Deflection,
Node (Signed) (Unsigned) mm (in.) mm (in.)
Number [Note (1)] [Note (1)] [Note (1)] [Note (1)]
10 +26 500 (+5,960) 21 520 (15,870) 0.00 0.00
15 —-26 500 (-5,960) 10 710 (7,900) 18.3 (0.72) -1.3 (-0.05)
20 —26 500 (-5,960) 47 560 (355080) 36.7 (1.44) 0.00
30 near —-26 500 (-5,960) 57 530 (42,440) 44.0 (1.73) -3.7 (-0.14)
30 mid -46 300 (-10,410) 69 860’ (51,530) 44.7 (1.76) -2.3 (-0.09)
30 far -37 800 (-8,500) 65.320 (48,180) 41.4 (1.63) 0.4 (0.02)
40 near -25 920 (-5,830) 63 930 (47,160) -23.0 (-0.91) 15.1 (0.59)
40 mid -36 250 (-8,150) 70 860 (52,270) -26.4 (-1.04) 17.8 (0.70)
40 far —26 500 (-5,960) 65 190 (48,080) -25.7 (-1.01) 19.2 (0.75)
45 —26 500 (-5(960) 14 900 (10,990) -18.3 (-0.72) 13.5 (0.53)
50 —26 500 (£5,960) 47 480 (35,030) 0.00 0.00

NOTE:
(1) Loads and déflections are averaged from commercial programs with a variance within units’ conver-
sion tolerance.

Table $S301.5.2 Operating Load Case Results: Reaction Loads on Supports
and Anchors

Global Axis Forces and Moments

Fx Fy Mg,
N (lb) N (lb) N-m (ft-1b)
(Signed) (Signed) (Unsigned)
Node [Note (1)] [Note (1)] [Note (1)]
10 anchor -26 500 (-5,960) -12 710 (-2,860) 21520 (15,870)
20 support .. —-63 050 (-14,180) .
50 anchor +26 500 (+5,960) +2 810 (+630) 47 480 (35,030)
NOTE:

(1) Loads and deflections are averaged from commercial programs with a variance within units’ conver-
sion tolerance.
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