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FOREWORD

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

administrativze cpr\ncnv The breadth of the field involved vaqnivﬂr] that mﬂm]f\avc]ﬂ\ip of th

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

Initial publication in 1935 was as the American Tentative Standard Code for Pressuré Piping
Revisions from 1942 through 1955 were published as American Standard Code forOPressurd
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 Americg
Standards Institute, then the American National Standards Institute. The Sectional Committed
became American National Standards Committee B31 and the Codewas renamed the Americar
National Standard Code for Pressure Piping. The next B3L3. fevision was designated ANS
B31.3-1973. Addenda were published through 1975.

A draft Code Section for Chemical Plant Piping, prepdred by Section Committee B31.6, was
ready for approval in 1974. It was decided, rather tharxhave two closely related Code Sections
to merge the Section Committees and develop a joift; Code Section, titled Chemical Plant and
Petroleum Refinery Piping. The first edition was published as ANSI B31.3-1976.

In this Code, responsibility for piping desigfitwas conceptually integrated with that for the
overall processing facility, with safeguardingecognized as an effective safety measure. Threg
categories of Fluid Service were identified,. with a separate Chapter for Category M Fluid Service
Coverage for nonmetallic piping was troduced. New concepts were better defined in fivg
Addenda, the last of which added Appendix M, a graphic aid to selection of the proper Fluid
Service category.

The Standards Committee was reorganized in 1978 as a Committee operating under ASMH
procedures with ANSI accreditation. It is now the ASME Code for Pressure Piping, B31 Committee
Section committee structuiré 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 Corhunittee B31.10 had a draft Code for Cryogenic Piping ready for approval in 1981
Again, it was'decided to merge the two Section Committees and develop a more inclusive Codg
with the same title. The work of consolidation was partially completed in the ANSI/ASMH
B31.31984 Edition.

Significant changes were made in Addenda to the 1984 Edition: integration of cryogenic require;
ments was completed; a new stand-alone Chapter on high-pressure piping was added; and
coverage of fabrication, inspection, testing, and allowable stresses was reorganized. The new
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Editiorr was Tedesigmatedas ASME 7 ANST B31:3-1987 Editiom:
Addenda to subsequent Editions, published at three-year intervals, have been primarily 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
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are not available. U.S. customary units also are given. By agreement, either system may be used.
In this Edition of the Code, SI metric units are given first, with U.S. customary units in
parentheses. Appendices H and X, the tables in Appendices A and K, and Tables C-1, C-3, and
C-6 in Appendix C are exceptions. Values in metric units are to be regarded as the standard,
unless otherwise agreed between the contracting parties. Instructions are given, in those tables
that have not been converted for converting tabular data in U.S. units to appropriate SI units.
Interpretations and Code Cases are published on the ASME website. Go to http://cstools. asme.org,
click on Committee Central, click on Board on Pressure Technology Codes and Standards, click
on B31 Code for Pressure Piping Standards Committee, and then click on B31.3 Process Piping

) . o~ .
CCLIOIT COIIHITCC.
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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,

ode for Pressure Piping.
Rules for each Section reflect the kinds of piping installations considered during its development;
ps follows:
B31.1 Power Piping: piping typically found in electric power generating stations, in industrial
pnd institutional plants, geothermal heating systems, and central and district heating and cooling
systems
B31.3 Process Piping: piping typically found in petroleum refineries, chemical, phatmaceutical,
textile, paper, semiconductor, and cryogenic plants, and related processing plantsiand terminals
B31.4 Pipeline Transportation Systems for Liquid Hydrocarbons and Other Liquids: piping
transporting products which are predominately liquid between plants and\tefminals 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 Systems: pipirig transporting products which
pre predominately gas between sources and terminals, including compressor, regulating, and
metering stations; gas gathering pipelines
B31.9 Building Services Piping: piping typically found in industrial, institutional, commercial,
pnd 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 Systems: piping transporting aqueous slurries between
plants and terminals and within terminals, pumping, and regulating stations
This is the B31.3 Process Piping Code Seetion. Hereafter, in this Introduction and in the text
pf this Code Section B31.3, where the word-Code is used without specific identification, it means
this Code Section.
It is the owner’s responsibility to-select the Code Section which most nearly applies to a
proposed piping installation. Faétors to be considered by the owner include: limitations of the
Code Section; jurisdictional requirements; and the applicability of other codes and standards. All
ppplicable requirements of(the selected Code Section shall be met. For some installations, more
than one Code Section may,apply to different parts of the installation. The owner is also responsible
for imposing requirenients supplementary to those of the Code if necessary to assure safe piping
for the proposed ixstallation.
Certain piping within a facility may be subject to other codes and standards, including but
hot limited to~the following:

ANSI 72231 National Fuel Gas Code: piping for fuel gas from the point of delivery to the
connectiofy of each fuel utilization device

NFPA Fire Protection Standards: fire protection systems using water, carbon dioxide, halon,
foam,/dry chemicals, and wet chemicals

NERA-99-Health-CareFaeilities—mediecal-and-laboratorygas—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 do away with the need for the designer or for
competent engineering judgment.

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
assure uniform application of principles and to guide selection and application of piping elements.
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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) requirements and data for evaluation and limitation of stresses, reactions, and movements
associated with pressure, temperature changes, and other forces

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

joining methods

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

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

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

Code users will note that clauses in the Code are not necessarily numbered consecutively. Such
discontinuities result from following a common outline, insofar as practieal, for all Code Sections
In this way, corresponding material is correspondingly numbered if. most Code Sections, thug
facilitating reference by those who have occasion to use more thanone 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 another\issue, or the regulatory body having
jurisdiction imposes the use of another issue, the latest edition issued at least 6 months prior tq
the original contract date for the first phase of activity cevering a piping installation shall be thq
governing document for all design, materials, fabrication, erection, examination, and testing for
the piping until the completion of the work and\ initial operation.

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

The B31 Committee has established an, 61derly procedure to consider requests for interpretatior
and revision of Code requirements. To.receive consideration, such request must be in writing
and must give full particulars in accordance with Appendix Z.

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

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

A Case isnormally issued for a limited period. If at the end of that period it has been incorporated
in the Codesorif no further use of its provisions is anticipated, it will be allowed to expire
Otherwisejdt-will be renewed for a limited period.

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

Materials ordinarily are listed in the stress tables only when sufficient usage in piping withir]
the scope of the Code has been shown. Requests for listing shall include evidence of satisfactory
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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 and Section VIII,
Division 1, Appendix B. (To develop usage and gain experience, unlisted materials may be used
in accordance with para. 323.1.2.) Metric versions of Tables A-1 and A-2 are in the course of
preparation. Please refer to the B31.3 Process Piping Web pages at http://cstools.asme.org/csconnect/
CommitteePages.cfm.
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SUMMARY OF CHANGES

Following approval by the B31 Committee and ASME, and after public review, ASME B31.3-2006
was approved by the American National Standards Institute on November 14, 2006.

hffected area.
Page

14

16

17

18

DO, 22

D6, 27

30

B31

B5, 36
b2
b4

b5
p4

Location
302.3.5(c)
Fig. 302.3.5
302.3.5(e)
304.1.2(a)
304.3.3(a)

304.5.1
304.5.2
304.5.3

304.7.2
307.2

Table 308.2.1
309.2.1
309.2:2
319.3.6
326.1.2

Table 326.1

328.2.2(e)
Table 331.1.1

Changes given below are identified on the pages by a margin note, (06), placed next to the

Change

Second sentence corrected by errata
Title corrected by errata

Revised

In eq. (3a), W added by errata

In nomenclature for. t, two parentheses in
penultimate/sentence deleted by errata

Revised inrits/entirety
Nomenclature for Sy corrected by errata

(1) Subparagraph (a) added and existing
text designated as (b)
(2) In eq. (15), W added by errata

Title and first paragraph revised

Subparagraph 307.2.2 added and existing
text designated as para. 307.2.1

Column for PN deleted
Revised
Revised
Revised
Revised

Under Miscellaneous, title of MSS SP-73
revised

Revised

In fourth column, first, second, third,
fourth, third-to-last, and second-to-last
entries revised

70

76

78
81
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Table 341.3.2

344.6.1

345.4.2(c)
A302.3
A302.3.2

Under Examination Methods, Visual,
sixth entry corrected by errata

Cross-references in first paragraph and
subparagraph (a) revised

Revised
Title revised

In footnote 1, titles of ASTM D 2321 and
D 2837 revised
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Page Location Change
82 A304.1.2 Title revised
83 A304.5 Title revised
A304.5.1 Revised in its entirety
A305 Revised
A306 Title revised
84 A308.2.1 Revised
A309.3 Revised
88 A323.2 Title revised
91, 92 Table A326.1 (1) Under Nonmetallic Fittirigs, titles
revised for ASTM. D’2467, D 3309,
D 4024, and F 439
(2) Under Nonmetallic Fittings, ASTM
F 423, F 491, F 492, F 546, F 599, and
F 781 deléted
(3) UnderNonmetallic Pipes and Tubes,
titles‘revised for ASTM D 2672,
D. 3035, D 3309, F 441, and F 1673
(4)Under Nonmetallic Pipes and Tubes,
ASTM F 423, F 491, F 492, F 546,
F 599, and F 781 deleted
(5) Under Miscellaneous, titles revised
for ASTM D 2564 and D 2672
93 A328.2.5(b) Footnote 5 revised
94 A3285.5 Reference to footnote 5 added
97 A335.4.1 Revised
101 M3064.2(b) Revised
106 MA323.4.2 Revised
108 K300(a) Revised
111, 112 K304.1.2 Revised in its entirety
118 K323.1.1 Revised in its entirety
119 K323.3.4(a) Revised
122 K328.2.5 Deleted
123 Table K326.1 ASME B1.20.1 added
124 K328.4.3(a)(1) In fourth line, measurement corrected by
errata to read 1.5 mm
127 K341.4.1(b)(1) Revised
135, 137 Notes for Appendix A In Note (75), metric tabular values added
Tables by errata
144 Table A-1 Under Carbon Steel, Pipes and Tubes, for
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Xix

API 5L Grades X65, X70, and X80,
Note (77) added by errata
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Page Location

152, 153 Table A-1

166 Table A-1

Change

Under Low and Intermediate Alloy Steel,
Forgings and Fittings, for 1%4Cr—Mo
A 234, Grade corrected by errata to
read WP11

Under Stainless Steel, Castings, for A 351
Grade CD3M-W-Cu-N, S-No. corrected

176, 177 Table A-1

182 Table A-1

193 Table A-2

P03 Specification Index for
Appendix B

P05 Table B-1

D28-233 Appendix E

15 S 4 C 1NTT
Oy Crratatorcad o 1orT

Under Nickel and Nickel Alloy, Plates
and Sheets, third B 688 N08367 deléted
by errata

Under Aluminum Alloy, Seamiless Pipes
and Tubes, B 241 Grade5652 deleted

Under Carbon Steel, for~A 194, Grade 2
transferred from first line to second
line by errata

Titles revised for ASTM D 2672, D 3035,
and D 3309

For PEEK material, maximum
rédommended Celsius temperature
corrected by errata to read 230

(1) First paragraph revised

(2) ASTM A 508/A 508M, A 723/A
723M, B 338, B 363, D 1527, D 1600,
D 1785 through D 2282, D 2321
through D 2467, D 2513 through
D 2657, D 2672 through D 2855,
D 3035 through D 3839, D 4024, E213,
F 336, F 438, F 439, F 441/F 441M,
F 493, and F 1055 through F 1673
updated

(3) ASTM B 861, D 6041, F 714, and
F 1970 added

(4) ASTM F 423, F 491, F 492, F 546,
F 599, and F 781 deleted

(56) AISC M016 added

(6) For ASME publications, years deleted

(7) MSS SP-53 and SP-73 updated

(8) PFI ES-7 updated

243-253 Appendix |

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

(9) Addresses tor AISC, CGA, PPl, and
ANSI updated

(1) Forc, D, E, I, P,'S, Sa, Sg, Si, S1. T ¢,
tw, and Y, para. S300 added by errata

(2) For E,, para. P319.4.4 added by errata

(3) Entries for F,, f, and f,, corrected by
errata

(4) For second N and N; entries,
reference transferred into Paragraph
column by errata
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Page Location Change
(5) Entries for P;, S., and T; corrected by
errata
(6) Definition for S, corrected by errata
(7) Revised
254 Appendix K (1) ASTM B 337 deleted
(2) ASTM B 861 added
266, 267 Tabte K-1 Under Titanium and Iitanium Alloy, ait
lines revised
268 L300 Revised
269 Table L301.2M Column heads revised
L303.2.3 Revised
L303.3.2 Revised
272 Fig. M300 In Col. 3, fourth beX, cross-reference
corrected by, erata to read para.
300(d)(4)
273 P302.3.5 (1) First paragraph corrected by errata
(2) Nemenclatures for egs. (Pla) and
(P1d) deleted by errata
276 5300.1 Revised
280-288 5302 Added
5303 Added
292 X302.1.2(c) Corrected by errata
293 Fig. X302.1.3 General Note (a) revised
295 X302.2.2(b). In third line, measurement corrected by
errata to read 2.4 mm
X302:2.3 Revised in its entirety
NOTES:

(1) The interpretations'to ASME B31.3 issued between November 1, 2003 and October 31, 2005 follow the last pagg
of this editiom\as$ a separate supplement, Interpretations Volume 20.
(2) After the inferpretations, a separate supplement containing Case 178 follows.

XXi
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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 Sec-
tion pf 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
owngdr for assurance that the engineering design of pip+:
ing domplies with the requirements of this Code and
with|any additional requirements established b{ 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. Thié ,owner’s Inspector (see
para340) 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 gfhe Code
1) ItSs‘the intent of this Code to set forth engi-
neering-requirements deemed necessary for safe design

must be documented in the engineering design and its
validity accepted by the owner. The apprdach 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 shiould, insofar as pgacticable,
conform to the specifications and standards listed in
this Code. Piping elements neither specifically ppproved
nor specifically prohibited by this Code may be used
provided they are-qualified for use as set forth in applica-
ble Chapters ©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, Td 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 or high
pressure fluid service, Code requirements arg found in
Chapters I through VI (the base Code), and fluiid service

requirements are found in
(a) Chapter III for materials

and tenstruction-of pipinginstallations:

(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
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th—ChapterHPart-3;forcomponents
(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),
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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.

(e) High Pressure Piping. Chapter IX provides alterna-
tive rules for design and construction of piping desig-

and its design temperature is from -29°C (-20°F)
through 186°C (366°F)

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

(c) tubes, tube headers, crossovers, and manifolds of
fired heaters, which are internal to the heater enclosure

(d) pressure vessels, heat exchangers, pumps, com-
pressors, and other fluid handling or processing equip-

nated by[the owner as being in High Pressure Fiuid
Service.

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

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

(3) Haragraph designations begin with “K.”

(f) Appendices. Appendices of this Code contain Code
requiremgnts, 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.

300.1J1 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 all fluids, ingluding
(1) rhw, intermediate, and finished chemicals
(2) getroleum products
(3) gas, steam, air, and water
(4) fluidized solids
(5) rpfrigerants
(6) cryogenic fluids
(c) See[Fig.300.1.1 for a diagram illustrating the appli-
cation of B31.3 piping atequipment. The joint connecting
piping tol equipment.s.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 pigces.of stages within a packaged equipment

ment, including internal piping and connections for
external piping

300.2 Definitions

Some of the terms relating to pipingjare defined below.
For welding, brazing, and soldering)terms not shown
here, definitions in accordance with AWS Standard [A3.0°
apply.
air-hardened steel: a steel that hardens during cooling in
air from a temperature above its transformation range.

anneal heat treatment:'sée heat treatment.

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

arc welding (AW): a group of welding processes Which
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.

backing filler metal: see consumable insert.

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

assembly:

300.1.3 Exclusions.
lowing;:

(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,

This Code excludes the fol-

'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.

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

2BPV 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
SAWS A3.0, Standard Welding Terms and Definitions, Including
Terms for Adhesive Bonding, Brazing, Soldering, Thermal Cou-
pling and Thermal Spraying
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Fig. 300.1.1 Diagram Illlustrating Application of B31.3 Piping at Equipment

(

—

p) 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:

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

basic lallowable stress: see stress terms _frequently used.
bolt design stress: see stress tepms frequently used.

bonddd joint: a permanent(joint in nonmetallic piping
madg¢ by one of the following methods:

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

(b)| butt-ayd-wrapped joint: a joint made by butting
together thejoining surfaces and wrapping the joint with
plies|of-reinforcing fabric saturated with resin

f_{ Packaged equipment piping

Piping within the scope of B31.3

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

f__

\J"\

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

(f) electrofusion joint: ajoint made by heatinlg 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.

bonding procedure specification (BPS): the documpnt which
lists the parameters to be used in the constjuction of

(c) “rent fuoiurt Totrt—ajotntede by hcaiiug thesur=
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

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

L. dod s o o | il sl H
cofaeaomts I accoraance—witn e requtt ments of

this Code.

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

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
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of the base metals being joined. The filler metal is distrib-
uted between the closely fitted surfaces of the joint by
capillary attraction.

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

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

caulked joint: ajoint in which suitable material (or materi-

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

extruded outlet header: see para. 304.3.4.

fabrication: the preparation of piping for assembly,
including cutting, threading, grooving, forming, bend-

inror, and }'r\ining of nnmpnnoﬂ{-c into-subassemblies, Fab-

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.

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

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

damaging|to human tissues: for the purposes of this Code,
this phrage describes a fluid service in which exposure
to the fluid, caused by leakage under expected operating
conditionys, can harm skin, eyes, or exposed mucous
membrafes so that irreversible damage may regult
unless prpmpt restorative measures are taken. (Restor-
ative megsures may include flushing with water, admin-
istration pf antidotes, or medication.)

design miftimum temperature: see para. 301.3.1.
design prdssure: see para. 301.2.
design temperature: see para. 3013,

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

displacemgnt stress range:)see para. 319.2.3.
elements: pee piping elements.

engineering design: the detailed design governing a pip-
ing system; developed from process and mechanical

rication may be performed in the shop or in theyfield.

face of weld: the exposed surface of a weld ‘©onthg side
from which the welding was done.

filler material: the material to be added in making metallic
or nonmetallic 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,teée joint, or corner joing. (See
also size of weld and throdt of a fillet weld.)

flammable: for thespurposes of this Code, descripes a
fluid which underambient or expected operating dondi-
tions is a vapQr or produces vapors that can be ignited
and contintie.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:
(1) the fluid handled is nonflammable, nonftoxic,
and not damaging to human tissues as defined in
para. 300.2
(2) the design gage pressure does not eyceed
1035 kPa (150 psi)
(3) the design temperature is from —29°C (420°F)
through 186°C (366°F)
(b) Category M Fluid Service: a fluid service in which
the potential for personnel exposure is judged fo be
significant and in which a single exposure to a| very
small quantity of a toxic fluid, caused by leakagg¢, can
produce serious irreversible harm to persons on byeath-

requirem-u'w, Luufuuuiué to—Corde chiuilculcu'w, arct
including all necessary specifications, drawings, and
supporting documents.

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.

ing_or hodily contact, even when prompt restotative
measures are taken

(c) High Pressure Fluid Service: a fluid service for
which the owner specifies the use of Chapter IX for
piping design and construction; see also para. K300

(d) Normal Fluid Service: a fluid service pertaining to
most piping covered by this Code, i.e., not subject to
the rules for Category D, Category M, or High Pressure
Fluid Service

full fillet weld: a fillet weld whose size is equal to the
thickness of the thinner member joined.
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fusion: the melting together of filler material and base
material, or of base material only, that results in coales-
cence.

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

(h) tempering: reheating a hardened metal to a tem-
perature below the transformation range to improve
toughness

(i) transformation range: a temperature range 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.

weldjng (nonpreferred terms).

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

gas telding: 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 Jor without the use of filler material.

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

micr¢structure have been altered by the heat of welding,
brazing, soldering, forming, or cutting.

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

(a)| annealing: heating to and holdingsat\a suitable
templerature and then cooling at a suitable rate for such
purppses as: reducing hardness, improving machinabil-
ity, fcilitating cold working, prodicing a desired micro-
strucfure, or obtaining desired methanical, physical, or
othe] properties

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

(c)| preheating==see preheating (separate term)

(d)| quenchings rapid cooling of a heated metal

(e)| recontrzended or required heat treatment: the applica-
tion pftheat to a metal section subsequent to a cutting,

indhentiontinesr—n-magnetie-particleiguid-penetrant,
or similar examination, a closed surface areg marking
or denoting a discontinuity requiring evaltratipn, whose
longest dimension is at least three times the| width of
the indication.

indication, rounded: in magneticparticle, liquid penetrant,
or similar examination, a closed surface areq marking
or denoting a discontinuity‘réquiring evaluatipn, whose
longest dimension is less.than three times thgq width of
the indication.

in-process examindtion: see para. 344.7.
inspection, Inispector: see para. 340.

joint desigit; the joint geometry together with the required
dimensions of the welded joint.

listed: for the purposes of this Code, describes 4 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.

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

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

nominal: a numerical identification of dimensipn, capac-

formimg; orwetding operation, as provided i para-—33t

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

(g) stress-relief: uniform heating of a structure or por-
tion thereof to a sufficient temperature to relieve the
major portion of the residual stresses, followed by uni-
form cooling slowly enough to minimize development
of new residual stresses

14 43 £l 15 dapiols 2| Jdabi 1
ty-ratingor-other-enaracteristie useaas-a-aesignation,

not as an exact measurement.
Normal Fluid Service: see fluid service.
normalizing: see heat treatment.

notch-sensitive: describes a metal subject to reduction in
strength in the presence of stress concentration. The
degree of notch sensitivity is usually expressed as the
strength determined in a notched specimen divided by
the strength determined in an unnotched specimen, and
can be obtained from either static or dynamic tests.
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NPS: nominal pipe size (followed, when appropriate,
by the specific size designation number without an inch
symbol).

oxygen-arc cutting (OAC): an oxygen-cutting process that
uses an arc between the workpiece and a consumable
electrode, through which oxygen is directed to the work-
piece. For oxidation-resistant metals, a chemical flux or
metal powder is used to facilitate the reaction.

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

one of which is on the inside of the pipe. Coalescence
is produced by heating with an electric arc or arcs
between the bare metal electrode or electrodes and the
work. The welding is shielded by a blanket of granular
fusible material on the work. Pressure is not used and
filler metal for the inside and outside welds is obtained
from the electrode or electrodes.

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

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

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

packaged ¢quipment: an assembly of individual pieces or
stages of ¢quipment, complete with interconnecting pip-
ing and donnections for external piping. The assembly
may be rhounted 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 petrpleum. Such a plant may be an individual gaso-
line recoyery plant, a treating plant, a gas processing
plant (indluding liquefaction), or an integrated refinery
having vgrious process units and attendant facilities.

pipe: a pressure-tight cylinder used to convey a fluid or.
to transthit a fluid pressure, ordinarily designated
“pipe” i} applicable material specifications. Matetials
designatgd “tube” or “tubing” in the specifications are
treated ds pipe when intended for pressure service.
Types of pipe, according to the method of manufacture,
are defingd as follows:

(a) eledtric resistance-welded pipe:\pipe produced in
individugl lengths or in continuousjlengths from coiled
skelp and subsequently cut intoindividual lengths, hav-
ing a longitudinal butt jointtwherein coalescence is pro-
duced by| the heat obtairted from resistance of the pipe
to the flow of electrig’current in a circuit of which the
pipe is aJpart, and by~the application of pressure.

(b) furpiace butt<welded pipe, continuous welded: pipe
produced in continuous lengths from coiled skelp and
subsequepntly.ctit into individual lengths, having its lon-

() spiratwetded piper pipe having a heticat seam with
either a butt, lap, or lock-seam joint which is\welded
using either an electrical resistance, electric \fusipn or
double-submerged arc welding process.
pipe-supporting elements: pipe-supporting elementg con-
sist of fixtures and structural attachments as follgws:

(a) fixtures: fixtures include elements which trgnsfer
the load from the pipe or strfuctiral attachment fo the
supporting structure or equipment. They include hang-
ing type fixtures, such as’hanger rods, spring hangers,
sway braces, counterweights, turnbuckles, struts, chains,
guides, and anchdrs; and bearing type fixtures, sch as
saddles, bases,rollers, brackets, and sliding suppprts.

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

piping: assemblies of piping components used to cgnvey,
distribute, mix, separate, discharge, meter, contrpl, or
snub fluid flows. Piping also includes pipe-suppqrting
elements, but does not include support structures|such
as building frames, bents, foundations, or any equip-
ment excluded from this Code (see para. 300.1.3)

piping components: mechanical elements suitable fo join-
ing or assembly into pressure-tight fluid-containing pip-
ing systems. Components include pipe, tubing, fitfings,
flanges, gaskets, bolting, valves, and devices sufth as
expansion joints, flexible joints, pressure hoses, fraps,
strainers, in-line portions of instruments, and separptors.

piping elements: any material or work required tol plan
and install a piping system. Elements of piping influde
design specifications, materials, components, supports,
fabrication, examination, inspection, and testing.
piping installation: designed piping systems to wljich a
selected Code edition and addenda apply.

gitudinal buttjoirtforge wetded by themrectarticat pres-
sure developed in passing the hot-formed and edge-
heated skelp through a set of round pass welding rolls.
(c) electric-fusion welded pipe: pipe having a longitudi-
nal butt joint wherein coalescence is produced in the
preformed tube by manual or automatic electric-arc
welding. The weld may be single (welded from one side)
or double (welded from inside and outside) and may
be made with or without the addition of filler metal.
(d) double submerged-arc welded pipe: pipe having a
longitudinal butt joint produced by at least two passes,

Pipinig systent: Interconnected piping SUbject to the same
set or sets of design conditions.

plasma arc cutting (PAC): an arc cutting process that uses
a constricted arc and removes molten metal with a high
velocity jet of ionized gas issuing from the constricting
orifice.

postweld heat treatment: see heat treatment.

preheating: the application of heat to the base material
immediately before or during a forming, welding, or
cutting process. See para. 330.
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procedure qualification record (PQR): a document listing
all pertinent data, including the essential variables
employed and the test results, used in qualifying the
procedure specification.

process unit: an area whose boundaries are designated
by the engineering design within which reactions, 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

(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 entrapped in
weld metal or between weld metal and base metal.

soldering: a metal joining process wherein coalescence is
produced by heating to suitable temperatures and by
using a nonferrous alloy fusible at temperatures below
427°C (800°F) and having a melting point below that of

plants, and tank farms and storage yards.

quendh annealing: see solution heat treatment under heat
treatment.

quendhing: see heat treatment.

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

root dpening: the separation between the members to be
joinefl, at the root of the joint.

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

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

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

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

sever¢ cyclic conditions: conditions applying to specific
pipirlg components or joints in which Sp computed in
accoydance with para. 319.4.4 exceeds 0.88; (as defined
in pdra. 302.3.5), and the equivalent number of cycles
(N i para. 302.3.5) exceeds 7000; er. other conditions
that the designer determines will produce an equivalent
effect.

shall:|a term which indicates\that a provision is a Code

requirement.

shielzjﬂid metal-arc welding (SMAW): an arc welding pro-
cess fhat produces,coalescence of metals by heating them
with [an arc between a covered metal electrode and the
worl. Shieldihg)is obtained from decomposition of the
electtode covering. Pressure is not used and filler metal
is obfained from the electrode.

the base metals being joined. The filler metal fis distrib-
uted between closely fitted surfaces of thejoin} by capil-
lary attraction. In general, solders are lead-tin glloys and
may contain antimony, bismuth, adyother elpments.

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

stress terms frequently. tiséd:
(a) basic allowable stress: this term, symboll 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-secffional area
of bolts’in a bolted joint
(€) hydrostatic design basis: selected properties of plas-
tic piping materials to be used in accordance wiith ASTM
D 2837 or D 2992 to determine the HDS [see (d) below]
for the material
(d) hydrostatic design stress (HDS): the maxijnum con-
tinuous stress due to internal pressure to be uped in the
design of plastic piping, determined from the hydro-
static design basis by use of a service (design) factor

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

tack weld: a weld made to hold parts of a we|ldment in
proper alignment until the final welds are made.

tempering: see heat treatment.

thermoplastic: a plastic that is capable of being repeatedly

should—a-term-which-indicates-that-a-provisionisrecom
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 apply.

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

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

softened by increase of temperature and hardened by
decrease of temperature.

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

(a) theoretical throat: the perpendicular distance from
the hypotenuse of the largest right triangle that can be
inscribed in the weld cross section to the root of the joint
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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 Gurdance (2)
H Sample Calculations for Branch Reinforcement Guidance
J Nomenclature Information
K Allowable Stresses for High Pressure Piping Requirements (3)
L Aluminum Alloy Pipe Flanges Specification (4)
M Guide to Classifying Fluid Services Guidance (2)
P Alternative Rules for Evaluating Stress Range Requirements)(5)
Q Quality System Program Guidance'(2)
S Piping System Stress Analysis Examples Guidante (2)
Vv Allowable Variations in Elevated Temperature Service Guidance (2)
X Metallic Bellows Expansion Joints Requirements
z Preparation of Technical Inquiries Requirements (6)
NOTES:

alloy flanges.
(5) Contains alternative requirements.
(6) Contains administrative requirements.

(b) actyal throat: the shortest distance from the roof
of a filletfweld to its face

(c) effeqtive throat: the minimum distance, minus/any
reinforceinent (convexity), between the weld‘\root and
the face ¢f a fillet weld

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

tube: see pipe.

tungsten dlectrode: a nonfiller-metdl electrode used in arc
welding ¢r cutting, made«priricipally of tungsten.

unbalancefl piping system:ésée para. 319.2.2(b).

undercut: p groove melted into the base material adjacent
to the to¢ or roetf a weld and left unfilled by weld
material.

visual exanijintion: see para. 344.2.1.

(1) Contains default requirements, to be used unless more directly appli€able data are available.
(2) Contains no requirements but Code user is responsible for considering applicable items.

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

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

welding operator: 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 ih this
Code are listed in Appendix J, with definitions and|loca-

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

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

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

tion references to each. Uppercase and lowercase English
letters are listed alphabetically, followed by Greek
letters.

300.4 Status of Appendices

Table 300.4 indicates for each Appendix of this Code
whether it contains Code requirements, guidance, or
supplemental information. See the first page of each
Appendix for details.
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Chapter Il
Design

PART 1

(c) When more than one set of pressure-temperature

CONDITIONS AND CRITERIA
301 | DESIGN CONDITIONS

Pafagraph 301 states the qualifications of the
Designer, defines the temperatures, pressures, and forces
applicable to the design of piping, and states the consid-
eratipn that shall be given to various effects and their
cons¢quent loadings. See also Appendix F, para. F301.

301.1 Qualifications of the Designer

- The Designer is the person(s) in charge of the engi-
‘neering design of a piping system and shall be experi-
‘encedl in the use of this Code.

* Thi qualifications and experience required of the
‘Designer will depend on the complexity and criticality of
ithe system and the nature of the individual’s experience.
The ¢wner’s approval is required if the individual does
not Meet at least one of the following criteria:

(a)] Completion of an engineering degree, requiring
four pr more years of full-time study, plus a minimum
of 5 years experience in the design of related-pressure
piping.

(b)| Professional Engineering registration; recognized
by tHe local jurisdiction, and experienee in the design
of related pressure piping.

(c)]Completion of an engineéring associates degree,
requiring at least 2 years of fullstime study, plus a mini-
muny of 10 years experience in the design of related
presqure piping.

(d)| Fifteen years€xperience in the design of related
presgure piping. Experience in the design of related pres-
sure piping issatisfied by piping design experience that
includes design’calculations for pressure, sustained and
occagional-leads, and piping flexibility.

conditions exist for a piping system, the condifions gov-
erning the rating of components conforfing to listed
standards may differ from the conditions-gov¢rning the
rating of components designed ifi~accordance with
para. 304.

(d) When a pipe is separated into individualized
pressure-containing chambpers*(including jaceted pip-
ing, blanks, etc.), the partition wall shall be|designed
on the basis of the méstsevere coincident tefpperature
(minimum or maximum) and differential [pressure
between the adjeining chambers expected diiring ser-
vice, except as/provided in para. 302.2.4.

301.2:2’ Required Pressure Containment or Relief
(a) Provision shall be made to safely containfor relieve
(see *para. 322.6.3) any pressure to which the piping
may’ be subjected. Piping not protected by g pressure
relieving device, or that can be isolated from g pressure
relieving device, shall be designed for at least the highest
pressure that can be developed.
(b) Sources of pressure to be considered inclfide ambi-
ent influences, pressure oscillations and surges,
improper operation, decomposition of unstalple fluids,
static head, and failure of control devices.
(c) The allowances of para. 302.2.4(f) are permitted,
provided that the other requirements of para. 302.2.4 are
also met.

301.3 Design Temperature

The design temperature of each component ih a piping
system is the temperature at which, under the qoincident
pressure, the greatest thickness or highest component
rating is required in accordance with para. p01.2. (To
satisfy the requirements of para. 301.2, differefnt compo-
nents in the same piping system may havel different
design temperatures.)

In establishing design temperatures, consider at 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.

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.
301.5.2 Wind. The effect of wind loading shall be

ing values:

(1) }lves, pipe, lapped ends, welding fittings, and
other comiponents having wall thickness comparable to
that of the pipe: 95% of the fluid temperature

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

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

(4) Yolting: 80% of the fluid temperature

301.3.3 Externally Insulated Piping. The component
design tenperature shall be the fluid temperature unless
calculatiqns, tests, or service experience based on mea-
surements support the use of another temperature.
Where piping is heated or cooled by tracing or jacketing,
this effecf shall be considered in establishing component
design temperatures.

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

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

301.4{1 Cooling: Effects on Pressure, \The cooling
of a gas pr vapor in a piping systemymay reduce the
pressure [sufficiently to create an irfternal vacuum. In
such a cage, the piping shall be capable of withstanding
the external pressure at the lowér temperature, or provi-

sion shal] be made to breakth¢ vacuum.

301.4J2 Fluid Expansion Effects. Provision shall be
made in |the design-either to withstand or to relieve
increased| pressuxé caused by the heating of static fluid
in a piping component. See also para. 322.6.3(b)(2).

301.4.3 ‘Atmospheric Icing. Where the design mini-

taken into account in the design of exposed piping. The
method of analysis may be as described in(ASCE 7,
Minimum Design Loads for Buildingsyand (ther
Structures.

301.5.3 Earthquake. Piping shall‘be designdd for
earthquake-induced horizontal forges. The methpd of
analysis may be as described, ivr ASCE 7.

301.5.4 Vibration. @®iping shall be desig
arranged, and supported~so as to eliminate excgssive
and harmful effects ofvibration which may arise|from
such sources as impact, pressure pulsation, turjulent
flow vortices, résonance in compressors, and winf.

301.5.5.Discharge Reactions. Piping shdll be
designed;atranged, and supported so as to withstand
reactiofyforces due to let-down or discharge of flfiids.

ned,

301.6 Weight Effects

The following weight effects, combined with [oads
and forces from other causes, shall be taken into acfount
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 environmentdl and
operating conditions shall be considered.

301.6.2 Dead Loads. These loads consist g
weight of piping components, insulation, and
superimposed permanent loads supported b
piping.

301.7 Thermal Expansion and Contraction Effects

f the
bther
y the

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

mum temperature of 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.
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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
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.
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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.

301.8 Effects of Support, Anchor, and Terminal
Movements

The effects of movements of piping supports, anchors,

Table 326.1 (e.g., ASME B16.9, B16.11, and B16.28) 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-
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 sched-
ule, weight, or pressure class of the fitting, less all allow-
ances applied to the pipe (e.g., thread depth and/or

and _UIlIleLICL‘l equipulen{ b}ldll be Idkell iIlIU dCCOUIlt
in thp design of piping. These movements may result
from|the flexibility and/or thermal expansion of equip-
ment, supports, or anchors; and from settlement, tidal
movéements, or wind sway.

301.9 Reduced Ductility Effects

The harmful effects of reduced ductility shall be taken
into gccount in the design of piping. The effects may, for
exaniple, result from welding, heat treatment, forming,
bending, or low operating temperatures, including the
chilling effect of sudden loss of pressure on highly vola-
tile fluids. Low ambient temperatures expected during
opergtion shall be considered.

301.10 Cyclic Effects

Fatigue due to pressure cycling, thermal cycling, and
otheq cyclic loadings shall be considered in the design
of piping. See Appendix F, para. F301.10.

301.11 Air Condensation Effects

At|operating temperatures below —191°C (=312°F) in
ambient air, condensation and oxygen enrichnient occur.
Thes¢ shall be considered in selecting materials, includ-
ing ifsulation, and adequate shielding and/or disposal
shall|be provided.

302
302.

Paragraph 302 states\pressure-temperature ratings,
stresg criteria, design’allowances, and minimum design
valugs together with permissible variations of these fac-
tors as applied to the design of piping.

DESIGN CRITERIA
I General

302.2 Pressure-Temperature Design Criteria

302.2.1 Li mponents Having Established Rat-
ings. Exceptaslimited elsewhere in the Code, pressure-
temperature ratings contained in standards for piping
components listed in Table 326.1 are acceptable for
design pressures and temperatures in accordance with
this Code. The provisions of this Code may be used
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 Rat-
ings. Some of the standards for components in
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COITOSION alfowance). For components with straight or
spiral longitudinal welded joints in pressuté.gontaining
components, the pressure rating determined above shall
be further multiplied by W, as defined inpara. $02.3.5(e).

302.2.3 Unlisted Components
(a) Components not listed\in Table 326.1, ut which
conform to a published specification or standard, may
be used within the folléwing limitations.
(1) The designer.shall be satisfied that composition,
mechanical properties, method of manufadture, and
quality contrel are comparable to the correfponding
characteristics of listed components.
(2) Pressure design shall be verified in agcordance
with para. 304.
(b)"Other unlisted components shall be qualified for
pressure design as required by para. 304.7.2.

Variations. Occasional variations of pressuge and/or
temperature may occur in a piping system. Stich varia-
tions shall be considered in selecting designy pressure
(para. 301.2) and design temperature (para. 3p1.3). The
most severe coincident pressure and temperature shall
determine the design conditions unless all of the follow-
ing criteria are met:

(a) The piping system shall have no pressure con-
taining components of cast iron or other npnductile
metal.

(b) Nominal pressure stresses shall not exceed the
yield strength at temperature (see para. 3033 of this
Code and S, data in BPV Code, Section Il, Part D,
Table Y-1).

(c) Combined longitudinal stresses shall npt exceed
the limits established in para. 302.3.6.

(d) The total number of pressure-temperatfire varia-
i iti ceed 1000

302.2.4 Allowances for Pressure and Tel{perature

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.

(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
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(a) 33% for no more than 10 hr at any one time
and no more than 100 hr/yr, or

(b) 20% for no more than 50 hr at any one time
and no more than 500 hr/yr

The effects of such variations shall be determined by
the designer to be safe over the service life of the piping
system by methods acceptable to the owner. (See Appen-
dix V.)

(2) When the variation is self- hmltmg (e g due to
a pressurg
at any ome time and not more than 500 hr/ year, it is
permissible to exceed the pressure rating or the allow-
able stresp for pressure design at the temperature of the
increased| condition by not more than 20%.

(g) Th¢ combined effects of the sustained and cyclic
variation$ on the serviceability of all components in the
system shall have been evaluated.

(h) Terhperature variations below the minimum tem-
perature $hown in Appendix A are not permitted unless
ithe requifements of para. 323.2.2 are met for the lowest
temperatfire during the variation.

(i) The| application of pressures exceeding pressure-
temperatire ratings of valves may under certain condi-
tions caupe loss of seat tightness or difficulty of opera-
tion. The differential pressure on the valve closure
element ghould not exceed the maximum differential
pressure fating established by the valve manufacturer.
Such appllications are the owner’s responsibility.

302.2)5 Ratings at Junction of Different Services.
When two services that operate at different pressuret
temperatire conditions are connected, the valve segre-
gating th¢ two services shall be rated for the more severe
service cqndition. If the valve will operate at a.different
temperatfire due to its remoteness from a header or piece
of equiprhent, this valve (and any mating.flanges) may
be select¢d on the basis of the differeént temperature,
provided| it can withstand the requifed pressure tests
on each gide of the valve. For pipihg on either side of
the valvel, however, each system shall be designed for
the cond:rions of the seryigeto which it is connected.

302.3 Allowable Stressés and Other Stress Limits

302.3{1 Generali—The allowable stresses defined in
paras. 30R.3.1(a)y(b), and (c) shall be used in design
calculatigns unless modified by other provisions of this
Code.

(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
and classes in Table A-1B, and for various types of joints
and supplementary examinations in Table 302.3.4

The stress values in Tables A-1 and A-2 are grouped

i i tem-

peratures up to the limit prov1ded in para. 323 2.1(a).
Straight line interpolation between temperatures i$ per-
missible. The temperature intended is the design| tem-
perature (see para. 301.3).
(b) Shear and Bearing. Allowable stresses in sheai shall
be 0.80 times the basic allowable stress in tension ftabu-
lated in Table A-1 or A-2. Allewable stress in bearing
shall be 1.60 times that value:
(c) Compression. Allowable stresses in compression
shall be no greater than the basic allowable stresges in
tension as tabulated in“Appendix A. Consideration shall
be given to structural stability.

302.3.2.:Bases for Design Stresses? The bas¢s for
establishing) design stress values for bolting materials
and allowable stress values for other metallic materials
in this ‘Code are as follows:
(@) Bolting Materials. Design stress values at temipera-
ture for bolting materials shall not exceed the lowgst of
the following:
(1) except as provided in (3) below, the lower of
one-fourth of specified minimum tensile strength 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 strength atfroom
temperature (Sy) and two-thirds of yield strength at
temperature
(3) at temperatures below the creep range, fox bolt-

ing materials whose strength has been enhanced by heat
treatment or strain hardening, the least of one-fifth of
St, one-fourth of the tensile strength at temperature,

one-fourth of Sy, and two-thirds of the yield strength at

2 These bases are the same as those for BPV Code, Sectiop VIII,

(a) Tenstorr—Basic attowabte stresses 51 tension for
metals and design stresses S for bolting materials, listed
in Tables A-1 and A-2, respectively, are determined in
accordance with para. 302.3.2.

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

! If a component is made of castings joined by longitudinal welds,
both a casting and a weld joint quality factor shall be applied. The
equivalent quality factor E is the product of E., Table A-1A, and
E;, Table A-1B.

12

Divistorr2giveninSeetiontPart-B—Stress—valtesin-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. Stress values for temperatures above those
for which values are listed in the BPV Code, and for materials not
listed in the BPV Code, are based on those listed in Appendix A
of the 1966 Edition of ASA B31.3. Such values will be revised when
reliable mechanical property data for elevated temperatures and/
or for additional materials become available to the Committee.
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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 hr

(6) 67% of the average stress for rupture at the end
of 100 000 hr

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-
ture shall be derived by multiplying the average
expected tensile (yield) strength at temperature by the

/) U7 of minimum stress for rupture at the end
of 10p 000 hr

(b)| Cast Iron. Basic allowable stress values at tempera-
ture for cast iron shall not exceed the lower of the fol-
lowing:

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

2) one-tenth of the tensile strength at temperature
[see para. 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) one-fifth of the specified minimum tensile
strength at room temperature

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

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

1) the lower of one-third of St and one-third of

e strength at temperature

2) except as provided in (3) below, the Tower of

two-thirds of Sy and two-thirds of yield strength at tem-

perafure

3) for austenitic stainless steels*and nickel alloys

having similar stress—strain behavior, the lower of two-

thirdp of Sy and 90% of yield strength at temperature

[see (e) below]

4) 100% of the average stress for a creep rate of
per 1000 hr

5) 67% of the average stress for rupture at the end

of 10p 000 hr

6) 80%.0f/the minimum stress for rupture at the

tensi

0.019

ratio of 57 (Sy) divided by the average expectld 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 npt having
pressure-temperature ratings<established by ftandards
in Table 326.1.

(b) Basic Quality Fagtors. Castings of gray arjd mallea-
ble iron, conformingitelisted specifications, ar¢ assigned
a basic casting quality factor, E., of 1.00 (dufe to their
conservative allowable stress basis). For most gther met-
als, static castings which conform to the material specifi-
cation and have been visually examined as required
by MSSSP-55, Quality Standard for Steel Captings for
Valves, Flanges and Fittings and Other Piping Compo-
nents — Visual Method, are assigned a basjc casting
quality factor, E., of 0.80. Centrifugal castings [that meet
specification requirements only for chemicall analysis,
tensile, hydrostatic, and flattening tests, ahd visual
examination are assigned a basic casting quality factor
of 0.80. Basic casting quality factors are tabiilated for
listed specifications in Table A-1A.

(c) Increased Quality Factors. Casting quality factors
may be increased when supplementary examinations
are performed on each casting. Table 302.3.3C|states the
increased casting quality factors, E,, that may be used for
various combinations of supplementary examination.
Table 302.3.3D states the acceptance criterfa for the
examination methods specified in the Noteq 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.
A require

end ¢f 100000 hr Several of the specifications in Appendix
7)for structural grade materials, the basic allow- machining of all surfaces and/or one or morg of these
able stress—stattbe 092 timesthe tTowestvatuedeter= SUppPlEnTertary exarmitions: T suctrcases; t

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
1.1S7Rr.

(e) Application Limits. Application of stress values
determined in accordance with para. 302.3.2(d)(3) is not
recommended for flanged joints and other components
in which slight deformation can cause leakage or mal-
function. [These values are shown in italics or boldface
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e 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
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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
1) 0.85 Steel ASTM E 446 1 Types A, B, C
(@) or Q)(b) 0.85 T<25mm
(3)(@) or B)(b) 0.95 (1in)
(1) and (2)(a) or (2)(b) 0.90
(1) and (3)(a) or (3)(b) 1.00 SteTel N ASTM E 446 2 Types A, B, C
(@) or (2](B) and B)(@) or B3)) 1.00 <51 mm
GENERAL NDTE: Titles of standards referenced in this Table’s Notes @ in.
are as follows: Steel ASTM E 186 2 Categories A,|B, C
ASME B46.1, Surface Texture (Surface Roughness, Waviness and T>51 mm,
Lay) <114 mm
ASTM E 114, Practice for Ultrasonic Pulse-Echo Straight-Beam &Y% in)
Testing by fhe Contact Method .
ASTM E 125, Reference Photographs for Magnetic Particle Indica- Steel ASTM E 280 2 Categories A,(B, C
tions on Fefrous Castings r>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.B 155 Shown in refdrence
ASTM E 709, Practice for Magnetic Particle Examination magnesium radiograph
MSS SP-%3, Quality Standard for Steel Castings and Forgings for
Valves, Flajges and Fittings and Other Piping Components — Mag- Copper, Ni-Cu ASTM E 272 2 Codes A, Ba, [Bb
netic Particle Examination Method Bronze ASTM E 310 2 Codes A and B

NOTES:

(1) Machin all surfaces to a finish of 6.3 um R, (250 win. R, per GENERAICNOTE:  Titles of ASTM standards referenced in thig Table
E . : . Ry
ASME B46.1), thus increasing the effectiveness of surface are agifollows: i . .
examinhtion. E\155 Reference Radiographs for Inspection of Aluminum| and
. . . . Magnesium Castings
(20 (@) Hxamine all surfaces of each casting (magnetic material . .
only) by the magnetic particle method in accordance with E 186 Reference Radiographs for Heavy-Walled [2 to 4-7/in.
ASTM H 709. Judge acceptability in accordance with MSS (51 to “4"7““)] Steel Cas.tlngs
SP-53, lising reference photos in ASTM E 125. E 272 Referenqa Radiographs fo‘r High-Strength Copper-Base
(b) Hxamine all surfaces of each casting by the liquid péne- and Nlckel-Clopper Castings 1 .
trant method, in accordance with ASTM E 165. Judgé accept- E 280 Reference Radiographs for Heavy-Walled [4-7; to 1p-in.
ability of flaws and weld repairs in accordance with Table 1 of E310 R ?14 to zog:mm)] hStefel ?sténgs Casti
MSS SR-53, using ASTM E 125 as a referencecforssurface flaws. elerence ha !ograp s for 7in ronze_ astings
E 446 Reference Radiographs for Steel Castings Up to 2 in.

(3) (@) Rully examine each casting ultrasonically in accordance
with A4TM E 114, accepting a casting only if there is no evi-
dence ¢f depth of defects in excess 6f 5% of wall thickness.
(b) Rully radiograph each castingin-accordance with ASTM E
142. Judge in accordance with¢he 'stated acceptance levels in

Table 3p2.3.3D.

(51 mm) in Thickness

due to sustained loads such as pressure and weight,
shall not exceed the product S,W; S, and W are ddfined
in (d) and (e) below. In considering longitudinal stress,
the weld joint strength reduction factor, W, may be taken

ife ajifelg bnaiheexaﬁgf;l (;nelcsifpi)Ceartfig;med beyond that as 1.0 for longitudinal welds. The thickness of pipgused
! y R P ) in calculating S; shall be the nominal thickness, T, thinus
302.3{5¢Limits of Calculated Stresses Due to Sus- mechanical, corrosion, and erosion allowance, ¢, f¢r the

tained Loads-and-Disptacement-Strains—————————tocatiomrunder consideration—fhetoadsduetoweight

(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) Longitudinal Stresses, S;. The sum of the longitudi-
nal stresses, Sy, in any component in a piping system,

14

should be based on the nominal thickness of all system
components unless otherwise justified in a more rigor-
ous analysis.

(d) Allowable Displacement Stress Range, S4. The com-
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 paras. 319.2.3 and
319.3.4), calculated by eq. (1a):

S4 = f(1.255, + 0.25S,) (1a)
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Table 302.3.4 Longitudinal Weld Joint Quality Factor, E;

(1) It is not permitted to increase the joint quality factor by additional examination for joint 1 or 2.
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Type of Factor,
No. Type of Joint Seam Examination E;
1 Furnace butt weld, Straight As required by 0.60
continuous weld Q listed specification [Note (1)]
2 Electric resistance Straight or As required by 0.85
weld Q spiral listed specification [Note (1)]
3 Electric fusion weld
(@) Single butt weld Straight or As required by 0.80
spiral listed spedification
or this Cede
(with or without filler Additionally spot 0.90
metal) radiographed per
para. 341.5.1
Additionally 100% 1.00
radiographed per
para. 344.5.1 and
Table 341.3.2
(b) Double butt weld Straight or spiral As required by 0.85
[except as listed specification
provided in 4(a) or this Code
below]
(with or without filler Additionally spot 0.90
metal) radiographed per
para. 341.5.1
Additionally 100% 1.00
radiographed per
para. 344.5.1 and
Table 341.3.2
4 Per specific specification
(@) API5L Submerged arc weld Straight with one As required by 0.95
(SAW) or two seams specification
Gas metal arc weld Spiral
(GMAW)
Combined GMAW,
SAW
NOTE:
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Fig. 302.3.5 Stress Range Factor, f

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 =371°C{(700°F)

When [5, is greater than S;, the difference between N = equivalent number of full displacement ¢ycles
them may be added to the term 0.255; in eq. (1a). T during the expected service life of the pliping
that case| the allowable stress range is calculatedtby system®
eq. (1b): S. = basic allowable stress® at minimum metal| tem-

perature expected during the displaceiment
Sa = f[125(S. + S)) - S.] (1b) cycle under analysis
S, = basic allowable stress® at maximum metal tem-

For egs.

f=

la) and (1b):

dtress range factor,® calclated by eq. (1c)*. In
4gs. (1a) and (1b), S_and S;, shall be limited to
3 maximum of 138MPa (20 ksi) when using a
yalue of f > 1.0,

perature expected during the displacement
cycle under analysis

When the computed stress range varies, whether|from
thermal expansion or other conditions, Sg is defined as

the greatest computed displacement stress rangel The

F (see Fig302.3.5) = 6.0(N) 2 <, (10) value of N in such cases can be calculated by eq.|(1d):

: N = Np+ 2(r’N;) fori = 1,2,.., 1d

fm = maximum value of stress range factor; 1.2 for £+ (7N for i " (1d)

1Tous materials with specified minimum ten- [} .10

sile strengths < bl/olvu’a (/Ob Ksi) and at metal Nr = number of cycles of maximum computed dis-
temperatures < 371°C (700°F); otherwise f,, = placement stress range, Sg

1.0 N; = number of cycles associated with displacement

% 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.

16

stress range, S;

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

¢ For castings, the basic allowable stress shall be multiplied by
the applicable casting quality factor, E.. For longitudinal welds,
the basic allowable stress need not be multiplied by the weld
quality factor, E;.
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ri = Si/Sg
S; = any computed displacement stress range
smaller than Sg

yield strength shall be as listed in the BPV Code, Section
II, Part D, Table Y-1 or Y-3, or determined in accordance
with para. 302.3.2(f). The strength reduction factor repre-
sents the reduction in yield strength with long-term

(06) (e) Weld Joint Strength Reduction Factor, W. Atelevated  exposure of the material to elevated temperatures and,
temperatures, the long term strength of weld joints may  in the absence of more applicable data, shall be taken
be lower than the long term strength of the base material. as 1.0 for austenitic stainless steel and 0.8 for other
For welded pipe (i.e., not seamless), the product of the  materials.
allowable stress and the applicable weld quality factor For castings, the basic allowable stress shall be
SE shattbemuttiptied-bythe-wetdjoint strengthredwe——myltiptied by the casting quality factor, E.. Where the
tion factor, W, when determining the required wall thick-  3]jowable stress value exceeds two-thitdy of yield
ness for internal pressure per para. 304. When evaluating strength at temperature, the allowable stress vhlue must
longjtudinal stresses for sustained loads per para.  pe reduced as specified in para. 302.32(e). Wind and
302.315(c), at circumferential welds the allowable stress earthquake forces need not be considéred as afting con-
Sy shiall be adjusted by multiplying it by W. The weld currently.
joint ptrength reduction factor is not required when eval- (b) Test. Stresses due to festednditions are rfot subject
uating occasional loads such as wind and earthquake, ' yo jimitations in para.802.3. It is not negessary to

sion

or when evaluating permissible variations in accordance
with para. 302.2.4. The pressure rating or allowable stress
for the occasional load or variation condition is not
required to be reduced by the weld joint strength reduc-
tion factor. It is also not required when calculating the
allowable stress range for displacement stresses, S4, in
para302.3.5(d) or S, in para. P302.3.5(d). The weld joint
strength reduction factor only applies at weld locations.

The weld joint strength reduction factor is the ratio
of thp nominal stress to cause failure of the weld joint
to that of the base material for the same duration. In
the apsence of more applicable data (e.g., creep testing),
the factor shall be taken as 1.0 at temperatures of 510°C
(9509F) and below, and 0.5 at 815°C (1500°F) for.all mate-
rials.|The strength reduction factor shall be linearly inter-
polatied for intermediate temperatures. Thedesigner is
respqnsible for determining weld joint strength reduc-
tion factors for temperatures above 815°C (1500°F).

Creep testing of weld joints te- determine weld joint
strength reduction factors shouldbe full thickness cross-
weld| specimens with test durations of at least 1000 hr.
Full fhickness tests shall"be’used unless the designer
othefwise considers effegts such as stress redistribution
across the weld.

302.3.6 Limits of Calculated Stresses due to Occa-
| Loads
Operation. The sum of the longitudinal stresses,

(a)

.ESL, dyiettorsustained loads, such as pressure and weight,

consider other occasiohalMoads, such as wind gnd earth-
quake, as occurring'éoncurrently with test loads.

302.4 Allowances

In detetmining the minimum required thikckness of
a piping.component, allowances shall be induded for
corrosien, erosion, and thread depth or grooye depth.
Seé&/definition for c in para. 304.1.1(b).

302.4.1 Mechanical Strength. When necgssary, the
wall thickness shall be increased to prevent gverstress,
damage, collapse, or buckling due to supetimposed
loads from supports, ice formation, backfill, tfansporta-
tion, handling, or other causes. Where incrdasing the
thickness would excessively increase local sfresses or
the risk of brittle fracture, or is otherwise impfacticable,
the required strength may be obtained throyigh addi-
tional supports, braces, or other means without an
increased wall thickness. Particular consideration
should be given to the mechanical strength of gmall pipe
connections to piping or equipment.

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

303 GENERAL

and Ulr [.}lC Di.l\,oo\,o l)lUduLCd }Jy ULLdDiUll(}ll luddb, Dl,lL,}l
~as wind or earthquake, may be as much as 1.33 times
the basic allowable stress given in Appendix A.

At temperatures greater than 427°C (800°F), 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 cast or ductile
iron and other materials with non-ductile behavior. This

17

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
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.
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304 PRESSURE DESIGN OF COMPONENTS
304.1 Straight Pipe

Table 304.1.1 Values of Coefficient Y for t <

D/é6

Temperature, °C (°F)

304.1.1 General < 482 > 621
(a) The required thickness of straight sections of pipe ) (900 510 538 566 593 (1150
shall be determined in accordance with eq. (2): Materials & Lower) (950) (1000) (1050) (1100) & Up)
o= tic @) Ferritic 0.4 0.5 0.7 0.7 0.7 0.7
" steels
The minimum thickness, T, for the pipe selected, con-  aystenitic 0.4 0.4 04 04 0.5 0.7
sidering Tartfactorer’ss s tulcuzu\.c, shattbe1ot steels
less thanl|t,,.
v . . . Other ductile 0.4 0.4 04 04  0&4N"|04
(b) Thg following nomenclature is used in the equa- metals
tions for [pressure design of straight pipe:
Cast iron 0.0

C = 3

~Hwn 9 m

tﬂl

(06)

yeld joint strengthiweduction factor per para. 304.2.1 Pipe Bends. The minimum required thick-
302.3.5(e) ness, t,,, of a bend, after bending, in its finished form,
oefficient from) Table 304.1.1, valid for t <D /6 shall be determined in accordance with egs. (2) anfl (3¢)
gnd for materials shown. The value of Y may

e interpolated for intermediate temperatures. f = __Pr (3c)

For £='D/6, 2[(SEW/D) + PY]

d+2c where at the intrados (inside bend radius)
Y = —
D+d+2
. . o j= MR/D) -1 (3d)
304.1.2 Straight Pipe Under Internal Pressure ~ 4(R,/D) -2
(a) Fort <D/6, the internal pressure design thickness ] )
for straight pipe shall be not less than that calculated ~ and at the extrados (outside bend radius)
in accordance with either eq. (3a) or eq. (3b): L 4R,/D) + 1 5o
,___PD ) ~ AR,/D) + 2 ©
"~ 2(SEW + PY
( +PY) and at the sidewall on the bend centerline radius, I = 1.0,
‘o P(d + 2¢) (3b) and where
" 2[SEW - P(1 - V)] R; = bend radius of welding elbow or pipe bend
18
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um of the mechanical allowances (thread or
groove depth) plus corrosion and erosion
dllowances. 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
3ssumed 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
inside diameter of pipe. For pressure design
alculation, the inside diameter of the pipe is
e maximum value allowable under the pur-
hase specification.
uality factor from Table A-1A or A-1B
internal design gage pressure
tress value for material from Table A-1
ipe wall thickness (measured or minimufyper
urchase specification)
ressure design thickness, as calculated in
ccordance with para. 304.1.2 forinternal pres-
ure or as determined in accordance with para.
04.1.3 for external pressure
inimum required ,thidkness, including
echanical, corrosion,and erosion allowances

(b) For t =2 D/6 or for P/SE/> 0.385, calculati
pressure design thickness foistraight pipe require
cial consideration of factors such as theory of fg
effects of fatigue, and‘thermal stress.

304.1.3 Straight Pipe Under External Pressure.

bn of
5 spe-
ilure,

To

determine wall\thickness and stiffening requirements

for straight pipe under external pressure, the proc
outlined in'the BPV Code, Section VIII, Division 1, §
through, UG-30 shall be followed, using as the d
length)»T, the running centerline length betweer
two sections stiffened in accordance with UG-29. |
exception, for pipe with D,/t < 10, the value of S
used in determining P, shall be the lesser of the fo

ing values for pipe material at design temperatuze:

(a) 1.5 times the stress value from Table A-1 o
Code, or

(b) 0.9 times the yield strength tabulated in Se
II, Part D, Table Y-1 for materials listed therein

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

304.2 Curved and Mitered Segments of Pipe

bdure
IG-28
esign
L any
As an
to be
llow-

f this
ction

h this
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Fig. 304.2.1 Nomenclature for Pipe Bends

Intrados —,—\

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

_ SEW(T - ¢/ T-c¢

4
2 \(T —¢) + 0.643 tan@,/r,(T - c)) )

Py,

_ SEW(T - C)/ R1 =1
" %) \Rl - 0.57’2

(4b)

(b) Single Miter Bends

- Extrados

Fig. 304.2.3 Nomenclature for Miter Bends

Thjckness variations from the intrados to the extrados
and glong the length ofithe bend shall be gradual. The
thickhess requirements apply at the mid-span of the
bend), v /2, at the intrados, extrados, and bend centerline
radiys. The minimwum thickness at the end tangents shall
not he lessihan the requirements of para. 304.1 for
straight pipe*(see Fig. 304.2.1).

304.2.2 Elbows. Manufactured elbows not in accor-

(1) The maximum allowable internal (pr¢ssure for
a single miter bend with angle 6 not greater |than 22.5
deg shall be calculated by eq. (4a).
(2) The maximum allowable internal pr¢ssure for
a single miter bend with angle-f greater than 22.5 deg
shall be calculated by eq. (4e):

m

_ SEW(T - o) Ir-c (4c)
ra \(T —¢) + 1.25 tand,/r,(T —_C)>

(c) The miter pipe wall thickness, T, used ir| egs. (4a),
(4b), and (4c).shall extend a distance not legs than M
from the idside crotch of the end miter welds where

M = the larger of 2.5(r,T)% or tan 6 (Ry 4 1)

The length of taper at the end of the miter pipe may be

incldded in the distance, M.
(d) The following nomenclature is used infegs. (4a),

(4b), and (4c) for the pressure design of mitet bends:

c = same as defined in para. 304.1.1
E = same as defined in para. 304.1.1
P, = maximum allowable internal prepsure for
miter bends
R; = effective radius of miter bend, defied as the

shortest distance from the pipe cerfterline to
the intersection of the planes of|adjacent
miter joints
= mean radius of pipe using nominal jwall T
same as defined in para. 304.1.1
miter pipe wall thickness (measured or mini-
mum per purchase specification)
W = same as defined in para. 304.1.1
a = angle of change in direction at mite} joint
= 26
0 = angle of miter cut

~ nS
|

For compliance with this Code, the value gf R; shall

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

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

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

be not less than that given by eq. (0):

A D
R=fne*2 ©

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

(T - ¢), mm A
<13 25
13< (T -¢)<22 2(T - ¢)
>22 [2(T - ¢)/3] + 30
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(2) For US. customary units

(T - ¢), in. A
<05 1.0
05<(T -¢)<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

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

(b) the branch connection is made by welding 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 does not exceed DN 50
(NPS 2) nor one-fourth the nominal size of the run. The
minimum wall thickness of the coupling anywhere in
the reinforcement zone (if threads are in the zone, wall

may be d¢termined as specified for straight pipe in para.
304.1.3.

304.3 Bianch 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 per|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 wiithout added reinforcement, as covered in para.
328.5.4

(b) Thg rules in paras. 304.3.2 through 304.3.4 are min-
imum requirements, valid only for branch connections
in which|(using the nomenclature of Fig. 304.3.3)

(1) the run pipe diameter-to-thickness ratio (Dy/T})
is less than 100 and the branch-to-run diameter(ratio
(Dy/Dy) i3 not greater than 1.0

(2) fprrun pipe with D;,/T}, > 100, the branch diame-
ter, Dy, id| less than one-half the run diameter, D;;

(3) angle Bis at least 45 deg

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

(c) Where the provisions ef (a) and (b) above are not
met, pregsure design shall.be’qualified as required by
para. 3047.2.

(d) Otlher design eonsiderations relating to branch
connectigns are stated in para. 304.3.5.

304.3{2 Strength of Branch Connections. A pipe
having a pranch connection is weakened by the opening

thickness is measured from root of thread to minimum
outside diameter) shall be not less than that-qf the
unthreaded branch pipe. In no case shall acouplihg or
half coupling have a rating less than(€lass 200D per
ASME B16.11.

(c) the branch connection utilizés,an unlisted byanch
connection fitting (see para. 390:2), provided the fltting
is made from materials listed.in Table A-1 and proyided
that the branch connectior’is qualified as requir¢d by
para. 304.7.2.

304.3.3 Reinforcement of Welded Branch Connec-
tions. Addedyreinforcement 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 uged in
the pressure design of branch connections. It is |illus-
trated in Fig. 304.3.3, which does not indicate deta]ls 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
di = effective length removed from pipe at branch.
For branch intersections where the bjjanch
opening is a projection of the branch pipe inside
diameter (e.g., pipe-to-pipe fabricated brgnch),
dy = [Dy - 2(T, - ¢)sin B

dy = “half width” of reinforcement zone
= dyor (T, — ¢) + (T, — ¢) + d1/2, whicheyer 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

that mustbe made i itand, uniess the watt thickmess
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
has adequate strength to sustain the internal and exter-
nal pressure which will be applied to it if

= 2.5(T, — ¢) or 2.5(Ty — ¢) + T,, whichever is less
Ty = branch pipe thickness (measured or minimum
per 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 purchase specification)
provided that the barrel thickness is uniform
(see Fig. K328.5.4) and extends at least to the

L, limit (see Fig. 304.3.3).
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T, = minimum thickness of reinforcing ring or sad-  width starts at the inside surface of the run pipe (in its
dle made from pipe (use nominal thickness if =~ corroded condition) and extends beyond the outside
made from plate) surface of the run pipe a perpendicular distance, Ly.

= 0, if there is no reinforcing ring or saddle (e) Multiple Branches. When two or more branch con-
t = pressure design thickness of pipe, according  nections are so closely spaced that their reinforcement
to the appropriate wall thickness equation or  zones overlap, the distance between centers of the open-
procedure in para. 304.1. For welded pipe,  ings should be at least 1% times their average diameter,
when the branch does not intersect the longitu-  and the area of reinforcement between any two openings
dinal weld of the run, the basic allowable stress, shall be not less than 50% of the total that both require.
b, 10 e pipe ay beused—Im dete .. Ea Op¢E : a ¢ Teinforcemgnt in
1, for the purpose of reinforcement calculation accordance with paras. 304.3.3(b) and (c). No patbof the
pnly. When the branch does intersect the longi-  metal cross section may apply to more thar éri¢-opgning
judinal weld of the run, the product SEW (of or be evaluated more than once in any combined|area.
the stress value, S; the appropriate weld joint ~ (Consult PFI Standard ES-7 for detailed-tecommeénda-
quality factor, E;, from Table A-1B; and the weld tions on spacing of welded nozzles’)
joint strength reduction factor, W; see para. (f) Added Reinforcement
$02.3.5) for the run pipe shall be used in the (1) Reinforcement added.ifv'the form of a rihg or
alculation. The product SEW of the branch  saddle as part of area A, shaltbe of reasonably corjstant
ghall be used in calculating t,. width.
B = gmaller angle between axes of branch and run (2) Material usedforreinforcement may differ)from
(b) Required Reinforcement Area. The reinforcement  that of the run pipe provided it is compatible with run

area, Ay, fequired for a branch connection under internal
pressure |s

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

For a branch connection under external pressure, area
A, is onethalf the area calculated by eq. (6), using as £,
the thickness required for external pressure.

(c) Avdilable Area. The area available for reinforce-
ment is defined as

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

These ardas are all within the reinforcement zone and
are furth¢r defined below.

(1) Area A, is the area resulting ffom'excess thick-
ness in the run pipe wall

Ay = (2dy - dy) (T~ - ¢) 7)

(2) Area Ajis the areatesulting from excess thick-
ness in the branch pipe wall

Ay =L,(T, — t, — c)/sin B (8)

If the alllowable'stress for the branch pipe wall is less
than that| forthe'run pipe, its calculated area must be
reduced In\the ratio of allowable stress values of the

treat-
pan-

and branch pipés 'with respect to weldability, heat
ment requirefments, galvanic corrosion, thermal e
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 majterial
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
in which one or more outlets for branch connection have
been formed by extrusion, using a die or dies to c¢ntrol
the radii of the extrusion. The extruded outlet prpjects
above the surface of the header a distance &, at|least
equal to the external radius of the outlet 7, (i.e., hi,|= ry).

(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 ¢utlet
intersects and is perpendicular to the axis of the h¢ader.
Where these requirements are not met, or where noninte-
gral material such as a ring, pad, or saddle has|been

branch to—theTorm i determimning itscomntributionsto
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) Reinforcement Zone. The reinforcement zone is a
parallelogram whose length extends a distance, d;, on
each side of the centerline of the branch pipe and whose

22

addedtothe outiet; pressure debign strattbe q lified
as required by para. 304.7.2.

(¢) Nomenclature. The nomenclature used herein is
illustrated in Fig. 304.3.4. Note the use of subscript x
signifying extruded. Refer to para. 304.3.3(a) for nomen-
clature not listed here.

d, = the design inside diameter of the extruded out-
let, measured at the level of the outside surface
of the header. This dimension is taken after
removal of all mechanical and corrosion allow-
ances, and all thickness tolerances.
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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.

Li"fitf of . Center line
TR of branch
zone |
[— Db |—
‘F_ g
. GENERAL NOTE: )
| 30 deg max'ﬁ Taper bore inside Extrusion )y GENERAL NPTE:
- diameter taper Sketch to shaw method of
i $ [if required, see , establishing 7], when the
Lg | hy sketch (d)] X taper encroaches on the
v + to match branch pipe crotch radius
1:3 maximum taper.
(S
Header A I 74’7 th I"T > dX _—— i
7
Corrbsion ¥ +_t ////5////// truded Extruded oytlet
allpwance, ¢ J outlet
Mill tolerance dy
(a)
-« Dy — Branch pipe
Ty —»] |l | or nozzle
e | a— -
ty, —| Limits|of
b - r'\- reian:xrcement
- - - - B zone|
Thickness, measured s
or minimum per purchase g Lg
specification q
f ;E/ Extruded oultlet
N A(50) (A)
G |, (9
Y
'} L) T W Required area '7
Th ¢ 1 x //“1 =K (tp) (d)) Hegder
y jiLV//////
}
< d >l d o
c |- L >
D, dy 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

Tb—:_:<— . by _ or nozzle
b " Limits of
% > T l reinforcement
=N

4

h; . ¢ / \ Lg | Extruded outlet
X dy
* %

A3 Required area , Header

T o /AT

vy Yy

<
R OoN

Ph ay, - d2 dy ————»}

A

'

¥
—>

Mill tolerance

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

d, = half width of reinforcement zone (equal to d,) where K is determined as follows:
h, = height of the extruded outlet. This must be (1) For Dy/D;, > 0.60, K = 1.00.
bqual to or greater than r, [except as shown ‘it (2) For 0.60 = D,/Dj, > 0.15, K = 0.6 + %(D,/D}).
ketch (b) in Fig. 304.3.4]. (3) For D,/D;, < 0.15, K = 0.70.
Ls = height of reinforcement zone (f) Available Area. The area available for reinforcqment
= 0.7/D,T; is defined as
ry = ftadius of curvature of external contoured por-
ion of outlet, measured in the(plane containing Ay + Az + Ay 2 Ay (9a)
he axes of the header and (branch
T, = ¢orroded finished thickness of extruded outlet, These areas are all within the reinforcement zong and
measured at a height équal to r, above the out-  are further defined below.
ide surface of thetheader (1) Area Aj; is the area resulting from excess thick-
ness in the header wall
(d) Lingitations on Radius r.. The external contour
radius, r} is subject t0-the following limitations: Ay = (2dy - d) (Ty, — = ¢) (10)
(1) minimufa’ 7: the lesser of 0.05D; or 38 mm
(150 in.) (2) Area Ajis the area resulting from excess thick-
(2) mhaximuim r, shall not exceed ness in the branch pipe wall
(a)Hor-Dr<DPN-200-NPRS-8)32-mm—(1-25-+)
Ay = 2Ls(Ty -ty — ¢) (11)

(b) for Dy, = DN 200, 0.1D;, + 13 mm (0.50 in.)
(3) for an external contour with multiple radii, the
requirements of (1) and (2) above apply, considering the
best-fit radius over a 45 deg arc as the maximum radius

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

(4) machining shall not be employed in order to Ay = 21Ty - (T, - ¢)] (12)
meet the above requirements
(e) Required Reinforcement Area. The required area of (g) Reinforcement of Multiple Openings. The rules of
reinforcement is defined by para. 304.3.3(e) shall be followed, except that the
required area and reinforcement area shall be as given
Ay = Kiyd, (9  in para. 304.3.4.
24
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(h) Identification. The manufacturer shall establish the
design pressure and temperature for each extruded out-

Table 304.4.1 BPV Code References for Closures

let header and shall mark the header with this informa- Type of Closure CS::::;:O c:::ﬁr?
tion, together with the symbol “B31.3” (indicating the
applicable Code Section) and the manufacturer’s name  Ellipsoidal UG-32(d) UG-33(d)
or trademark. Torispherical UG-32(e) UG-33(e)
Hemispherical UG-32(f) UG-33(c)
304.3.5 Additional Design Considerations. The  (onical (no transition UG-32(g) UG-33()
requirements of paras. 304.3.1 through 304.3.4 are to knuckle)
intended to ensure satisfactory performance of a branch Toriconical UG-32(h) UG-33(f)
conngction subject only to pressure. The designer shall ~ Tat lpressure on UG-34
also fonsider the following: either side)
(a)| In addition to preslsure loadlrlgs, external .forces GENERAL NOTE:  Paragraph numbers are from the.BPV C¢de, Section
and movements are applied to a branch connection by ) "pivision 1.
therrhal expansion and contraction, dead and live loads,
and rpovement of piping terminals and supports. Special
considel.‘ation shall be given to the design of a branch (b) For materials anddesign conditiond covered
conngction to withstand these forces and movements. therein, closures may be'déSigned in accordgnce with

(b)
pipe
the f

Branch connections made by welding the branch
directly to the run pipe should be avoided under
llowing circumstances:

the rules in the BPV Céde; Section VIII, Divisioh 1, calcu-
lated from eq. (13)

1) when branch size approaches run size, particu- f, =t +c (13)
larly|if pipe formed by more than 1.5% cold expansion,
or expanded pipe of a material subject to work harden-  where
ing, is used as the run pipe c, =~sum of allowances defined in para. 304.1.1

2) where repetitive stresses may be imposed on t = pressure design thickness, calculated for the
the cpnnection by vibration, pulsating pressure, temper- type of closure and direction of loading, shown
ature cycling, etc. in Table 304.4.1, except that the symbols used
In sych cases, it is recommended that the design be to determine ¢ shall be:
consg¢rvative and that consideration be given to the use E = same as defined in para. 304.1.1
of teg fittings or complete encirclement types of (rein- P = design gage pressure
forcement. S = S times W, with S and W as defined in

(c)[ Adequate flexibility shall be provided:in’ a small para. 304.1.1

line yhich branches from a large run, to acdcommodate tm = minimum required thickness, ihcluding

thermal expansion and other movements of the larger

mechanical, corrosion, and erosion aj]lowance

line (see para. 319.6). . .
(d)| If ribs, gussets, or clamps/are‘used to stiffen the 304.4.2 Ope.nlngs in Closures
. : (a) The rules in paras. 304.4.2(b) through (g) apply to
brangh connection, their areas-ecannot be counted as con- . Lo .
openings not larger than one-half the inside|diameter

tribufing to the reinforcement-darea determined in para.
304.313(c) or 304.3.4(f). HOwever, ribs or gussets may be
used|for pressure-strengthening a branch connection in

of the closure as defined in Section VIII, Dlivision 1,
UG-36. A closure with a larger opening should be
designed as a reducer in accordance with ppra. 304.6

lieu pf reinforcement covered in paras. 304.3.3 and . X : .
304.34 if the design is qualified as required by para. or, if the closure is flat, as a flange in accordance with
304.712. para. 304.5.

(e)| For branéh connections which do not meet the (b) A closure is weakened by an opening and, unless

requirenients of para. 304.3.1(b), integral reinforcement,
complete encirclement reinforcement, or other means of

the thickness of the closure is sufficiently in|excess of
that required to sustain pressure, it is necessafy to pro-

reinforcement should be considered.

304.3.6 Branch Connections Under External Pres-
sure. Pressure design for a branch connection subjected
to external pressure may be determined in accordance
with para. 304.3.1, using the reinforcement area require-
ment stated in para. 304.3.3(b).

304.4 Closures

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.

25

vide added reinforcement—The meedforarmd=@mount of
reinforcement required shall be determined in accor-
dance with the subparagraphs below except that it shall
be considered that the opening has adequate reinforce-
ment if the outlet connection meets the requirements in
para. 304.3.2(b) 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
equal at least one-half the required area in that plane.
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(d) The total cross-sectional area required for rein-
forcement in any given plane passing through the center
of the opening shall not be less than that defined in

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

UG-37(b), UG-38, and UG-39. ¢ = sum of allowances defined in para. 304.1.1
(e) The reinforcement area and reinforcement zone P = internal or external design gage pressure
shall be calculated in accordance with para. 304.3.3 or S = product SEW [of the stress value, S, and the

304.3.4, considering the subscript & and other references
to the run or header pipe as applying to the closure.
Where the closure is curved, the boundaries of the rein-

appropriate quality factor, E, from Table A-1A
or A-1B and weld joint strength reduction factor
per para. 302.3.5(e)] for flange material. See

forcemenfzone shait foltow the contour of the closure, para—362:32(e):
and dimdnsions of the reinforcement zone shall be mea- t = pressure design thickness, as calculatedf¢r the
sured p4qrallel to and perpendicular to the closure given styles of blind flange, using(the appro-
surface. priate equations for bolted flat cover plates in
(f) If tfvo or more openings are to be located in a UG-34
closure, jﬁe rules in paras. 304.3.3 and 304.3.4 for the 304.5.3 Blanks 06)
reinforcenent Of multlplg Opemngs apgly (a) Blanks not in accordafhce’with para. 303 or
) Tb‘ add‘ltlonal d.e51gn considerations for branch 304.5.3(b) shall be qualified as\required by para. 3(4.7.2.
COl’lI’l?Cthl:lS discussed in para. 304.3.5 apply equally to (b) The minimum requireg thickness of a permpnent
openingsin closures. blank (representatiyve( configurations shown in
304.5 Pfessure Design of Flanges and Blanks Ecllg.(l35(;4.5.3) shall b€)calculated in accordance|with
(06) 304.5/1 Flanges — General
(a) Flgnges not in accordance with para. 303 or by = dg /LJrc (15)
304.5.1(b), (c), or (d) shall be qualified as required by 165EW
para. 304{7.2. where
(b) A flange may be designed in accordance with the c = sum of allowances defined in para. 304.1}1
BPV Codg, Section VIII, Division 1, Appendix 2, using d, = inside diameter of gasket for raised or flajt face
the allowgble stresses and temperature limits of the B31.3 flanges, or the gasket pitch diameter foy ring
Code. Ndmenclature shall be as defined in Appendix 2; joint and fully retained gasketed flanges
except as fOI.IOWS: E = same as defined in para. 304.1.1
P = design gage pressure P = design gage pressure
Sa bolt design stress at atmospheric teniperature S = same as defined in para. 304.1.1
Sy = Mbolt design stress at design temperature W = same as defined in para. 304.1.1
S = product SEW [of the stress value:S, the appro-
priate quality factor E from Table/A-1A or A-1B, ~ 304.6 Reducers
gnd weld joint strength reduction factor per 304.6.1 Concentric Reducers
para. ?;%i'?g‘z(e)] for flapge.or pipe material. See (a) Concentric reducers not in accordance with [para.
para. 32(e). 303 or 304.6.1(b) shall be qualified as required by [para.
. . 304.7.2.
The rul b) db t licable t
f (© di . Es . )4 (Lve a;e no a}zlp o ~§ oha (b) Concentric reducers made in a conical or reversed
anged jpint having, a gasket that extends outside the ; binati £ such secti
bolts (ustiallv to the-dutside diameter of the flanee). curve section, or a combination of such sections| may
olts (ustally to theioutside eter of the ge) . . ) .
. . be designed in accordance with the rules for conicgl and
(d) Foif flanges. that make solid contact outside the toriconical closures stated in para. 304.4.1
bolts, SedqtiorVIII, Division 1, Appendix Y should be pata. SBE&5
used. 304.6.2 Eccentric Reducers. Eccentric reducets not
(e) See Section VIII, Division 1, Appendix S, for con-  in accordance with para. 303 shall be qualified as
siderations applicable to bolted joint assembly. required by para. 304.7.2.
(06) 304.5.2 Blind Flanges 304.7 Pressure Design of Other Components
(a) Blind flanges not in accordan.ce with para. 303 or 304.7.1 Listed Components. Other pressure con-
304.5.2(b) shall be qualified as required by para. 304.7.2. . . .
. . . taining components manufactured in accordance with
(b) A blind flange may be designed in accordance . . :
. . . S standards in Table 326.1 may be utilized in accordance
with eq. (14). The minimum thickness, considering the .
P with para. 303.
manufacturer’s minus tolerance, shall be not less than t,,
304.7.2 Unlisted Components. Pressure design of (06)

by =t+c (14)
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unlisted components to which the rules elsewhere in
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Fig. 304.5.3 Blanks

JIL2

778

para| 304 do not apply shall be based on calculations
consistent with the design criteria of this Code. These
‘calcullations shall be substantiated by one or more. of
‘the means stated in paras. 304.7.2(a), (b), (c), and™(d),
‘cons{dering applicable dynamic, thermal, and cyclic
effects in paras. 301.4 through 301.10, as well-dsithermal
shock. Calculations and documentation showing com-
plianice with paras. 304.7.2(a), (b), (c), or (d), and (e) shall
be avfailable for the owner’s approval

(a)| extensive, successful seryice’experience under
comparable conditions with-similarly proportioned
components of the same orlike material.

(b)| experimental stress analysis, such as described in
the BPV Code, Section. VIII, Division 2, Appendix 6.

(c)| proof test in.decordance with either ASME B16.9,
MSS[SP-97, or Section VIII, Division 1, UG-101.

(d) detailéd stress analysis (e.g., finite element
methiod) with fesults evaluated as described in Section
VIIL, Pivision 2, Appendix 4, Article 4-1. The basic allow-
able ptréss from Table A-1 shall be used in place of S,

2%
I
|
I

\\ !

Y.

applicable requirements of para. A304.7.2 4s well as
those of para. 304.7.2.

304.7.4 Expansion Joints
(a) Metallic Bellows Expansion Joints. The desjgn of bel-
lows type expansion joints shall be in accordpnce with
Appendix X. See also Appendix F, para. F304.7.4 for
further design considerations.
(b) Slip Type Expansion Joints
(1) Pressure containing elements shall bq in accor-
dance with para. 318 and other applicable reqpirements
of this Code.
(2) External piping loads shall not imposelexcessive
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 desigh of other
types of expansion joint shall be qualified aq required
by para. 304.7.2.

in Division 2. At design temperatures in the creep range,
additional considerations beyond the scope of Division
2 may be necessary.

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

304.7.3 Metallic Components With Nonmetallic Pres-
sure Parts. Components not covered by standards
listed in Table 326.1, in which both metallic and nonme-
tallic parts contain the pressure, shall be evaluated by

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.

27
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305.1 General

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

D Fluid

ASTM A 376
ASTM A 451, E, > 0.90

(d) Copper and Copper Alloy Pipe

pipe may be used only as provided in para. 302.2.3. ASTM B 42
ASTM B 466
305.2 Specific Requirements
Nickel and Nickel Alloy Pi
305.2.1 Pipe for Category D Fluid Service. The fol- © AS"i"CNf Ba q 61 eker 2oy Fipe
lowing carbon steel pipe may be used only for Category ASTM B 165
a—— ASTM B 167
b, Furnace Butt-Welded ASTM B 407

API

ASTM A 53, Type F

ASTM A 134 made from other than ASTM A
28% plate

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

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

305.2.3 Pipe for Severe Cyclic Conditions. Only the
following pipe’ may be used under severe cyclic condi-
tions:

(a) Carpon Steel Pipe

API 5L, Grade A or B, seamless
API 5L, Grade A or B, SAW, str. seam, E;20.95
API 5L, Grade X42, seamless
API 5L, Grade X46, seamless
API 5L, Grade X52, seamless
API 5L, Grade X56, seamless
API 5L, Grade X60, seamless
ASTM A 53, seamless

ASTM A 106

ASTM A 333, seamless

ASTM A 369

ASTM A 381, Ej >0.90

ASTM A 524

ASTM A 671, E; 2 0.90

ASTM A 672, E; > 0.90

ASTM A 691, Ej >0.90

(b) Lowp and Intermediate Alloy Steel Pipe
ASTM A 333, scamless
ASTM A 335
ASTM A 369
ASTM A426, E. > 0.90
ASTM A 671, E; > 090

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

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

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

306.1 Pipe Fittings

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

used
303.

306.1.2 Unlisted Fittings. Unlisted fittings may be
used only in accordance with para. 302.2.3.

306.1.3 Specific Fittings
(a) Proprietary welding branch outlet fittings which
have been design proof tested successfully as presdribed
in ASME B16.9, MSS SP-97, or the BPV Code, S¢ction
VIIL, Division 1, UG-101 may be used within their ¢stab-
lished ratings.
(b) The lap thickness of a proprietary “Type Cf lap-
joint stub-end buttwelding fitting shall conform fo the
requirements of para. 306.4.2 for flared laps.

306.1.4 Fittings for Severe Cyclic Conditions
(a) Only the following fittings may be used ynder
severe cyclic conditions:
(1) forged
(2) wrought, with factor Ei> 0.90,% or
(3) castwith factor E>0.90%

ASTM A 672, E; > 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; > 0.90

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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(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.

306.2 Pipe Bends

306.2.1 General
(a) A pipe bend made in accordance with paras.
332.2.1 and 332.2.2, and verified for pressure design in

8 See paras. 302.3.3 and 302.3.4.
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accordance with para. 304.2.1, is suitable for the same
service as the pipe from which it is made.

(b) A pipe bend made in accordance with para.
332.2.2, but not meeting the flattening limits of para.
332.2.1, may be qualified for pressure design by para.
304.7.2 and shall not exceed the rating of the straight
pipe from which it is made.

306.2.2 Corrugated and OtherBends. Bends of other

(a) The pipe used shall be of a specification and grade
suitable for forming without cracks, surface buckling,
or other defects.

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

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

(d) The lap thickness at any point shall be at least
95% of the minimum pipe wall thickness, T, multiplied

designs (such as creased or corrugated) shall be qualified

for ppessure 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 in para. 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 ih Normal Fluid Service.

306.3.2 Miter Bends for Category D Fluid Service.
A mifer bend that makes a change in direction at a single
joint [(angle « in Fig. 304.2.3) greater than 45 deg, or is
weldpd in accordance with para. 311.2.1, may be used
only [for Category D Fluid Service.

306.3.3 Miter Bends for Severe Cyclic Conditions.
A milter bend to be used under severe cyclic conditions
shalll be made in accordance with para. 304.2.3-and
weldpd in accordance with para. 311.2.2, and shall*have
an angle « (see Fig. 304.2.3) < 22.5 deg.

306.

The following requirements do not apply to fittings
confgrming to para. 306.1, specifically lap-joint stub ends
confgrming to ASME B16.9, nor.to laps integrally hot-
forgdd on pipe ends, exceptyas noted in paras. 306.4.3
and $06.4.4(a).

i Laps

306.4.1 Fabricatedlaps. A fabricated lap issuitable
for upe in Normal Fluid Service, provided that all of the
folloying requitements are met.

(a)] The outside diameter of the lap shall be within
the dlim@nsional tolerances of the corresponding
ASME 'B16.9 lap-joint stub end.

by the ratio of the pipe outside diameter to the diameter
at which the lap thickness is measured.

(e) Pressure design shall be qualified. as're
para. 304.7.2.

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

306.4.4 Laps for Severe Cyclic Conditions
(a) A forged lap-joint stub end per para. |
lap integrally\hot-forged on a pipe end per pa
may be used“under severe cyclic conditions.
(b) Afabricated 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).
(c) A flared lap is not permitted under severe cyclic
conditions.

uired by

06.1 or a
ra. 306.4.3

306.5 Fabricated Branch Connections

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

306.5.1 General. A fabricated branch cpnnection
made and verified for pressure design in a¢cordance
with para. 304.3, and welded in accordance With para.
311.1, is suitable for use in Normal Fluid Seryice.

o fittings

306.5.2 Fabricated Branch Connections fpr Severe
Cyclic Conditions. A fabricated branch conmection to
be used under severe cyclic conditions shall cpnform to
the requirements of para. 306.5.1, except thaf welding
shall be in accordance with para. 311.2.2, with fabrication
limited to a detail equivalent to Fig. 328.5.4D gketch (2)
or (4), or to Fig. 328.5.4E.

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

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

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

306.4.2 Flared Laps. See para. 308.2.5 for require-
ments of lapped flanges for use with flared laps. A flared
lap is suitable for use in Normal Fluid Service, provided
that all of the following requirements are met.
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307 VALVES AND SPECIALTY COMPONENTS

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

307.1 General

307.1.1 Listed Valves. A listed valve is suitable
for use in Normal Fluid Service, except as stated in
para. 307.2.
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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 Appendix F to ASME B16.34, pressure design
shall be qualified as required by para. 304.7.2.

307.2 Specific Requirements

307.2.1 Bonnet Bolting. A bolted bonnet valve
whose bonnet is secured to the body by less than four

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.

bolts, or py a U-bott, 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 fagteners) alone do not retain the stem. Specifi-
cally, the |design shall be such that the stem shall not be
caphble of removal from the valve, while the valve is
under pr¢ssure, by the removal of the stem seal retainer
(e.g., glanpd) alone.

308 FLANGES, BLANKS, FLANGE FACINGS, AND
GllSKETS

308.1 G
308.1f1 Listed Components. A listed flange, blank,

or gaskef is suitable for use in Normal Fluid Service,
except as|stated elsewhere in para. 308.

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

neral

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

308.21 Slip-On Flanges

(a) A slip-on flange shall be double-wélded as shown
in Fig. 328.5.2B when the service is

(1) subject to severe erosionj crevice corrosion, or
cyclic loading

(2) flammable, toxic, ondamaging to human tissue

(3) uUnder severe cyclic conditions

(4) at temperaturesybelow —101°C (-150°F)

(b) The use of slip-on flanges should be avoided
where mgdny larged¢emperature cycles are expected, par-
ticularly |f the flanges are not insulated.

(c) Slig-owyElanges as Lapped Flanges. A slip-on flange

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

308.2.3 Socket Welding and Threaded Flange$. A
socket welding flange is subject to the requiremenits for
socket welds in para. 311.24. A'threaded flange is sfibject
to the requirements for threaded joints in para. 314.4.

308.2.4 Flanges farSevere Cyclic Conditions. Unless
it is safeguarded,.adlange 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
flange used with a flared metallic lap (para. 306.4.3), 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 intgnded
service and for the gasket and bolting employed.

308.4 Gaskets

Gaskets shall be selected so that the required sdating
load is compatible with the flange rating and facing, the
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 sdrews,
nuts, and washers. See also Appendix F, para. F3{9.

may be u
308.2.1 unless pressure design is qualified in accordance
with para. 304.5.1. A corner radius or bevel shall conform
to one of the following as applicable:

(1) For an ASME B16.9 lap joint stub end or a forged
lap (see para. 306.4.3) the corner radius shall be as speci-
fied in ASME B16.5, Tables 9 and 12, dimension .

(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.

1 1 1-£1 1 1 1]
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309.1 General

309.1.1 Listed Bolting. Listed bolting is suitable for
use in Normal Fluid Service, except as stated elsewhere
in para. 309.

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

309.1.3 Bolting for Components. Bolting for compo-
nents conforming to a listed standard shall be in accor-
dance with that standard if specified therein.
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309.1.4 Selection Criteria. Bolting selected shall be
adequate to seat the gasket and maintain joint tightness

- under all design conditions.

©309.2 Specific Bolting

(06)
- not more than 207 MPa (30 ksi) specified minimum yield

(06)

309.2.1 Low Yield Strength Bolting. Bolting having

strength shall not be used for flanged ]omts rated
ASME-B a atred - arged

using metalhc gaskets unless calculations have been
madge 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 be used.

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
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 ate speci-
fied, |with consideration of sustained loads;"displace-
ment strains, occasional loads (see paras.”302.3.5 and
302.316), and strength of the flanges

309.2.4 Bolting for Severe Qyclic Conditions. Low
yield| strength bolting (see para. 309.2.1) shall not be
used|for flanged joints unden severe cyclic conditions.

309.

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

B Tapped Holes

311 WELDED JOINTS

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

311.1 General
Except as prov1ded in paras 311.2.1and 311.2.2, welds

ra. 328.
in accor-

( a) Welding shall be in accordance with pa
(b) Preheating and heat treatment shall.be
dance with paras. 330 and 331, respecttiyely.
(c) Examination shall be in accordance with para.
341.4.1.
(d) Acceptance criteria shall'e those in Tahle 341.3.2
for Normal Fluid Service.

311.2 Specific Requirements

311.2.1 Welds<for Category D Fluid Service. Welds
which meet the ‘requirements of para. 311.], but for
which examgination is in accordance with parp. 341.4.2,
and acceptartice criteria are those in Table 341.3.2 for
Category. D Fluid Service, may be used only in that
serviee:

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
examination shall be in accordance with parp. 341.4.3,
and acceptance criteria shall be those in Table 341.3.2
for severe cyclic conditions.

311.2.3 Backing Rings and Consumable Inserts

(a) If abacking ring is used where the resulting crevice
is detrimental (e.g., subject to corrosion, vibration, or
severe cyclic conditions), it should be removed and the
internal joint face ground smooth. When it is ihpractical
to remove the backing ring in such a case, congideration
shall be given to welding without backing rings or to
the use of consumable inserts or removable ngnmetallic
backing rings.

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

311.2.4 Socket Welds
(a) Socket welded joints (para 328.5. 2) should be

PART 4
FLUID SERVICE REQUIREMENTS FOR PIPING JOINTS

310 GENERAL

Piping joints shall be selected to suit the piping mate-
rial and the fluid service, with consideration of joint
tightness and mechanical strength under expected ser-
vice and test conditions of pressure, temperature, and
external loading.
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avotdedHrrany-serviee-where-creviceeorroston or severe
erosion may occur.

(b) Socket welded joints shall conform to the fol-
lowing;:

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

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

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

be used under severe cyclic conditions.
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(d) A drain or bypass in a component may be attached
by socket welding, provided the socket dimensions con-
form to Fig. 4 in ASME B16.5.

311.2.5 Fillet Welds

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

(b) Fillet welds may also be used to attach reinforce-
ment and structural attachments, to supplement the

Table 314.2.1 Minimum Thickness of
Male Threaded Components

Size Range

strength ¢r reduce stress concentration of primary welds,
and to pfevent disassembly of joints.

311.2)6 Seal Welds. Seal welds (para. 328.5.3) may
be used ¢nly to prevent leakage of threaded joints and
shall not |be considered as contributing any strength to
the joints|

312 FLANGED JOINTS

312.1 Jojnts Using Flanges of Different Ratings

Where [flanges of different ratings are bolted together,
the rating of the joint shall not exceed that of the lower
rated flahge. 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, b¢th should be flat-faced. A full-faced gasket is
preferred| If a gasket extending only to the inner edge
of the bojts is used, bolting torque shall be limited so
that the fonmetallic flange is not overloaded!

313 EXPANDED JOINTS

(a) Expanded joints shall not be uised under severe
cyclic copditions. For other serviees, adequate means
shall be provided to preventse¢paration of the joint. If
the fluid|is toxic or damaging to human tissue, safe-
guarding|is required.

(b) Comsideration-shall be given to the tightness of
expanded joints when subjected to vibration, differential
expansiof or contrdction due to temperature cycling, or
external T‘nechanical loads.

Notch- N Min. Wall
Fluid Sensitive [Note (1)] Thickness
Service Material DN NPS [Note (2)]
Normal Yes [Note 3)] <40 <1Y, Sch. 80
50 2 Sch. 40
65-150 2%-6  Sch. 40
Normal No [Note (4)] <50 <2 Schl 40S
65-150 2Y,-6_(Sch| 40S
Category D Either <300 <12 Per|para.
3p4.1.1
GENERALNOTE: Use the greater of para.304-1.1 or thicknessshown
in this Table.
NOTES:

(1) For sizes > DN 50 (NPS 2), the)joint shall be safeguarded (see
Appendix G) for a fluid, senvice that is flammable, toxic, of dam-
aging to human tissues-
Nominal wall thicknesses is listed for Sch. 40 and 80 in ASME
B36.10M and for'Seh. 40S in ASME B36.19M.
(3) For examplefcarbon steel.

(4) For example, austenitic stainless steel.

2

—

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

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

(d) Except for specially designed joints emplgying
lens rings or similar gaskets, threaded flanges in Wwhich
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) Male threaded components may be used in gccor-
dance with Table 314.2.1 and its Notes.

314 THREADED JOINTS
314.1 General

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

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

tt)r—Fenmatethreaded—compormentsstatt-be=at'least
equivalent in strength and toughness to threaded com-
ponents listed in Table 326.1 and otherwise suitable for
the service.

(c) Threaded components of a specialty nature which
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.

32
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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
union nut, or other constructions shown typically in Fig.
335.3.3) may be used. If such joints are used under severe
cyclic conditions and are subject to external moment
loadings, safeguarding is required.

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 suitable for
Normal Fluid Service. They shall be safeguarded in fluid
services which are flammable, toxic, or damaging to
human tissue. They shall not be used under severe cyclic

315
315.

In [selecting and applying flared, flareless, and com-
presgion type tubing fittings, the designer 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
Ll General

315.

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

(a)] the fittings and joints are suitable for the tubing
with [which they are to be used (considering maximum
and minimum wall thickness) and are used within the
presgure-temperature limitations of the fitting and the
joint

(b)
cycli

P Joints Conforming to Listed Standards

the joints are safeguarded when used under severe
conditions

315.

Joihts using flared, flareless, or compression-type tub-
ing fittings not listed in Table 326.1 may~be used in
accofidance with para. 315.2 provided\that the type of
fitting selected is also adequate fof pressure and other
loadings. The design shall be qualified as required by
para|304.7.2.

B Joints Not Conforming to Listed Standards

316 | CAULKED JOINTS

. Calulked joints such as bell type joints shall be limited
~ to Ca[:egory D fluidService and to a temperature not over
" 93°C|(200°F){They shall be used within the pressure-
- templeratutelimitations of the joint and pipe. Provisions

 shall|be, made to prevent disengagement of joints, to
prev ntibuckling of the pivine  and to sustain lateral
: S T o7

conditions. The melting point of brazing alloys shall be
considered where possible exposure to fire\is|involved.

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

318 SPECIAL JOINTS

Special joints are those fiotCovered elsewher¢ in Chap-
ter II, Part 4, such asdell type and packed gland type
joints.

318.1 General

318.1.1) Listed Joints. Joints using liste
nents are suitable for Normal Fluid Service.

318:1.2 Unlisted Joints. For joints th
unlisted components, pressure design shall be
as required by para. 304.7.2.

l compo-

nt utilize
qualified

318.2 Specific Requirements

318.2.1 Joint Integrity. Separation of the joint shall
be prevented by a means which has sufficien} strength
to withstand anticipated conditions of service¢.

318.2.2 Joint Interlocks. Either mechpnical or
welded interlocks shall be provided to prevent separa-
tion of any joint used for a fluid service which i 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 raphge.

318.2.3 Bell and Gland Type Joints. If nqt covered
in para. 316, bell type and gland type joints uged under
severe cyclic conditions require safeguarding

PART 5
FLEXIBILITY AND SUPPORT

; reactions produced by branch connections or other
causes.

317 SOLDERED AND BRAZED JOINTS
317.1 Soldered Joints

Soldered joints shall be made in accordance with the
provisions of para. 333 and may be used only in Category
D fluid service. Fillet joints made with solder metal are
not permitted. The low melting point of solder shall be
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319 PIPING FLEXIBILITY
319.1 Requirements

319.1.1 Basic Requirements. Piping systems shall
have sulfficient flexibility to prevent thermal expansion
or contraction or movements of piping supports and
terminals from causing

(a) failure of piping or supports from overstress or
fatigue
(b) leakage at joints
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(c) detrimental stresses or distortion in piping and
valves or in connected equipment (pumps and turbines,
for example), resulting from excessive thrusts and
moments in the piping

319.1.2 Specific Requirements. In para. 319, con-
cepts, data, 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

the total displacement strains (proportional deforma-
tion) in various parts of the piping system.

319.2.2 Displacement Stresses

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

(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 detrinmjental to supports or connected equipment

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

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

Alterngtive rules for evaluating the stress range are
provided|in Appendix P.

319.2 (¢

Concey

ncepts

ts characteristic of piping flexibility analysis
are cover¢d 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
(a) Th

1 Displacement Strains

rmal Displacements. A piping system-will
undergo fimensional changes with any change intem-
perature.|If it is constrained from free expansion’or con-
traction Py connected equipment and restraints such
as guide$ and anchors, it will be di§placed from its
unrestraifed position.

(b) Resfraint Flexibility. If restraints’are not considered
rigid, the]r flexibility may be considered in determining
displacement stress range and /reactions.

(c) Externally Imposed Displacements. Externally
caused nmpovement of(restraints will impose displace-
ments on|the piping:ih addition to those related to ther-
mal effecfs. Movements may result from tidal changes
(dock pipfing); wind sway (e.g., piping supported from a
tall slenderttewer), or temperature changes in connected

Code.

(b) Overstrained Behavior. Stresses cannot-be)cdnsid-
ered proportional to displacement strains ‘throughout a
piping system in which an excessive ampunt of $train
may occur in localized portions of the system (an ynbal-
anced system). Operation of an Ginpalanced 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 followingj

(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 ofimaterial having reduced yield strength (for
examplejgirth welds of substantially lower strgngth
than the,base metal).

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

(4) variation of piping material or temperatire in
a line. When differences in the elastic modulus within
a piping system will significantly affect the stress dlistri-
bution, the resulting displacement stresses shall be|com-
puted based on the actual elastic moduli at the respgctive
operating temperatures for each segment in the system
and then multiplied by the ratio of the elastic moglulus
at ambient temperature to the modulus used in thefanal-
ysis for each segment.

Unbalance should be avoided or minimized by design
and layout of piping systems, particularly those pising
materials of low ductility. Many of the effects of ynbal-
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.
319.4 to assure adequate flexibility as defined in [para.
319.1.

beries

equipmertt:

Movement due to earth settlement, since it is a single
cycle effect, will not significantly influence fatigue life.
A displacement stress range greater than that permitted
by para. 302.3.5(d) may be allowable if due consideration
is given to avoidance of excessive localized strain and
end reactions.

(d) Total Displacement Strains. Thermal displace-
ments, reaction displacements, and externally imposed
displacements all have equivalent effects on the piping
system, and shall be considered together in determining

34

319.2.3 Displacement Stress Range

(a) In contrast with stresses from sustained loads,
such as internal pressure or weight, displacement
stresses may be permitted to attain sufficient magnitude
to cause local yielding in various portions of a piping
system. When the system is initially operated at the
condition 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
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later returned to its original condition (or a condition
of opposite displacement), a reversal and redistribution
of stresses occurs which is referred to as self-springing.
It is similar to cold springing in its effects.

(b) While stresses resulting from displacement strains
diminish with time due to yielding or creep, the alge-
braic difference between strains in the extreme displace-
ment condition and the original (as-installed) condition
(or any anticipated condition with a greater differential

between the value at maximum metal temperature and
that at the minimum metal temperature for the thermal
cycle under analysis.

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

effecfy Temains substantially cornstant during any one
cycle|of operation. This difference in strains produces a
corresponding stress differential, the displacement stress
rangge, 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 (over the pipe cross section)
due fo longitudinal forces caused by displacement
strains are not normally considered 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 nefessary. Examples include buried lines containing
hot fluids, double wall pipes, and parallel lines with
diffefent operating temperatures, connected together at
more than one point.

319.2.4 Cold Spring. Cold spring is the intentional
defofmation of piping during assembly to produce;a
desirpd initial displacement and stress. Cold spring is

arnd the vatte at the temperature expected durjng instal-
lation.

319.3.2 Modulus of Elasticity. Thérefererjce modu-
lus of elasticity at 21°C (70°F), E,, ahd the mpdulus of
elasticity at maximum or minimum temperature, E,,
shall be taken as the values shown in Apper|dix C for
the temperatures determirfed in para. 319.3.1fa) or (b).
For materials not included”in Appendix C,|reference
shall be made to authoritative source datq, 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
(1) The allowable displacement stress rangg, S4, and
permissible additive stresses shall be as specifi¢d in para.
302.3.5(d) for systems primarily stressed ir| bending
and/or torsion.

beneficial in that it serves to balance the magnittade of (b) The stress intensification factors in Appendix D
stres under initial and extreme displacemenfcondi-  have been developed from fatigue tests of repr¢sentative
tionst When cold spring is properly applied there isless ~ piping components and assemblies manufactyired from
likelihood of overstrain during initial operation; hence, ~ ductile ferrous materials. The allowable displacement
it is recommended especially for piping materials of  stress range is based on tests of carbon and pustenitic

limited ductility. There is also less deviation from as-
installed dimensions during initidl operation, so that
hangpers will not be displaced as’far from their original
settings.

Ingsmuch as the servicé life of a piping system is
affecfed more by thé)range of stress variation than by
the rhagnitude of stress at a given time, no credit for
cold |spring ispeérmitted in stress range calculations.
Howgver, intcalculating the thrusts and moments where
actuql reactions as well as their range of variations are
signifidant; credit is given for cold spring.

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 matetials (e.g.,
certain copper and aluminum alloys) for othej than low
cycle applications.

319.3.5 Dimensions. Nominal thicknesse$ and out-
side diameters of pipe and fittings shall be used in flexi-
bility calculations.

319.3.6 Flexibility and Stress Intensification Fac-
tors. In the absence of more directly applicpble data,

319.3 Properties for Flexibility Analysis

The following paragraphs deal with properties of pip-
ing materials and their application in piping flexibility
stress analysis.

319.3.1 Thermal Expansion Data

(a) Values for Stress Range. Values of thermal displace-
ments to be used in determining total displacement
strains for computing the stress range shall be deter-
mined from Appendix C as the algebraic difference

35

theflexibitity factor kamnd 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
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
assumptions is the responsibility of the designer. If two
or more of the geometries shown in Appendix D are
combined, their combined k and i might be significantly

(06)

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Aker Maritime/5944276101
Not for Resale, 08/23/2007 05:10:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2006.pdf

ASME B31.3-2006

different from the values shown. Examples include trun-
nions on elbows and branch connection fittings welded
to anything other than straight pipe.

319.4 Flexibility Analysis

319.4.1 Formal Analysis Not Required. No formal
analysis of adequate flexibility is required for a piping
system which

(a) duplicates, or replaces without significant change,

than straight pipe. Credit may be taken for the extra
flexibility of such a component.

319.4.3 Basic Assumptions and Requirements.
Standard assumptions specified in para. 319.3 shall be
followed in all cases. In calculating the flexibility of a
piping system between anchor points, the system shall
be treated as a whole. The significance of all parts of
the line and of all restraints introduced for the purpose
of reducing moments and forces on equipment or small

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 limitdtions of empirical eq. (16)°

Dy <
—4 <k (16)
L-up
where
D = putside diameter of pipe, mm (in.)
E, = teference modulus of elasticity at 21°C (70°F),

MPa (ksi)
K; = P08 000 Su/E,, (mm/m)>
= B0 Su/E, (in./ft)?
L = {leveloped length of piping between anchors,

m (ft)
Sa = pllowable displacement stress range per eq.
la), MPa (ksi)
U = anchor distance, straight line between anchors;
m (ft)
y = fesultant of total displacement strainsj).mm

in.), to be absorbed by the piping system

319.4)2 Formal Analysis Requirements

(a) Any piping system which does nbtmeet the crite-
ria in pata. 319.4.1 shall be analyzéd )by a simplified,
approxinjate, or comprehensive method of analysis, as
appropriate.

(b) A simplified or approximate method may be
applied dnly if used within.the range of configurations
for whicl} its adequaqy hias been demonstrated.

(c) Acgeptable comprehensive methods of analysis
include apalytical“and chart methods which provide an
evaluatioh of-the*forces, moments, and stresses caused
by displacement strains (see para. 319.2.1).

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 thé temperature
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 referéneé modulus of elagticity
at 21°C (70°F), E,, exdept as provided in para.
319.2.2(b)(4), and then combined in accordance with eq.
(17) to determine the computed displacement §tress
range, Sg, which €hall not exceed the allowable ptress
range, Sy, in pdra) 302.3.5(d).

Sp = [S,2 + 452 (17)

where
M; = torsional moment
Sy = resultant bending stress
S; = torsional stress
= M,/2Z

Z = section modulus of pipe

(b) The resultant bending stresses, Sy, to be used in
eq. (17) for elbows, miter bends, and full size ¢utlet
branch connections (Legs 1, 2, and 3) shall be calctjlated
in accordance with eq. (18), with moments as shoyvn in
Figs. 319.4.4A and 319.4.4B.

(i:M;)* + (i,M,)?

(d) Cotnprehensive amatysisstatttakeimto—account
stress intensification factors for any component other

® 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 (L/U > 2.5) or near-straight “sawtooth” runs, or for large
thin-wall pipe (i > 5), or where extraneous displacements (not in
the direction connecting anchor points) constitute a large part of
the total displacement. There is no assurance that terminal reactions
will be acceptably low, even if a piping system falls within the
limitations of eq. (16).

Sb = f (18)
where
ij = in-plane stress intensification factor [from
Appendix D
Ip = out-plane stress intensification factorlfrom
Appendix D
M; = in-plane bending moment
M, = out-plane bending moment
Sy = resultant bending stress

Z = section modulus of pipe

(c) The resultant bending stress, S, to be used in eq.
(17) for reducing outlet branch connections shall be cal-
culated in accordance with eqs. (19) and (20), with
moments as shown in Fig. 319.4.4B.

36
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Fig. 319.4.4A Moments in Bends

My

o &
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0¥

Fig. 319.4.4B Moments in Branch Connections

Leg 3

M,

Leg 1
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For header (Legs 1 and 2)

(M) + (i,M,)?

factor two-thirds is based on experience which
shows that specified cold spring cannot be
fully assured, even with elaborate precau-

S = Z (19) tions.)
E, = reference modulus of elasticity at 21°C (70°F)
For branch (Leg 3) E, = modulus of elasticity at maximum or mini-
M)+ M) mum metal temperature
Sy = V) ¥ WolVo) (20) R = range of reaction forces or moments (derived
Ze from flexibility analysis) corresponding to the
where futtdisptacenent stress Tange amnd basedjon E,
. . cpe R,, = estimated instantaneous maximum-reaction
i; = ip-plane stress intensification factor (Appen- force or moment at maximum of Shinimum
ix D)
i, = dut-plane stress intensification factor (Appen- metal temperature
ix D) . . (b) For Original Condition, R,. Thetemperature fqr this
r; = mean branch cross-sectional radius computation is the expected temperature at whidh the
Sp = tesultant bending stress piping is to be assembled.
Ty = thickness of pipe matching branch R, = CR or CiR, whichever'is greater
T, = thickness of pipe matching run of tee or header
xclusive of reinforcing elements _ where nomenclature ig a$ in para. 319.5.1(a) and
Ts = gffective branch wall thickness, lesser of T, and
)(Ty) C—1- @)
Z, = gffective section modulus for branch ! SEE,,
= 1,°Ts (1)
= pstimated self-spring or relaxation factof; use

zero if value of C; is negative

weld at which Sg etxceeds 0.854 (as defined in para. Rj="estimated instantaneous reaction forge or
302.3.5) and the equlvalept number of cycles N. exceeds moment at installation temperature

7000 shall be fully examined in accordance with para. S; = computed displacement stress range (see|para.
341.4.3 319'4.4)

319.5 Reactions Sy = see definition in para. 302.3.5(d)

Reactiqn forces and moments to be used in.désign
of restraipts and supports for a piping system, and in
evaluating the effects of piping displacements on con-
nected equipment, shall be based on theweaction range
R for the|extreme displacement conditions, considering
the tempgrature range defined in pard. 319.3.1(b), and
using E,. The designer shall consideriinstantaneous max-
imum values of forces and mements in the original and
extreme dlisplacement conditiens (see para. 319.2.3), as
well as the reaction range).in making these evaluations.

319.5.2 Maximum Reactions for Complex Systems.
For multianchor piping systems and for two-anchar sys-
tems with intermediate restraints, egs. (22) and (2B) are
not applicable. Each case must be studied to est{mate
location, nature, and extent of local overstrain, and its
effect on stress distribution and reactions.

319.6 Calculation of Movements

Calculations of displacements and rotations at specific
locations may be required where clearance prolplems
are involved. In cases where small-size branch pipes

319.5]1 Maximum'Reactions for Simple Systems. . .
= . ; . attached to stiffer run pipes are to be calculated gepa-
For a twg-anchor piping system without intermediate . - .
. < . rately, the linear and angular movements of the jurjction
restraints| the maximum instantaneous values of reac- . . .
. . point must be calculated or estimated for proper analysis
tion forc¢s _and moments may be estimated from egs. of the branch

(22) and [23).

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

En
R, = R(l —E)

3 E, (22)

where
C

cold-spring factor varying from zero for no
cold spring to 1.0 for 100% cold spring. (The

38

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)
usually is small.

Where the piping lacks built-in changes of direction,
or where it is unbalanced [see para. 319.2.2(b)], large
reactions or detrimental overstrain may be encountered.
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The designer should consider adding flexibility by one
or more of the following means: bends, loops, or offsets;
swivel joints; corrugated pipe; expansion joints of the
bellows or slip-joint type; 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. When expan-
sion joints or other similar devices are provided, the
Stiff .. . . .

any flexibility analysis of the piping.
321 | PIPING SUPPORT
321.1 General

The design of support structures (not covered by this
Codg) and of supporting elements (see definitions of
pipinlg and pipe supporting elements in para. 300.2)
shall|be based on all concurrently acting loads transmit-
ted ipto such supports. These loads, defined in para.
301, Include weight effects, loads introduced by service
presgures and temperatures, vibration, wind, earth-
quakk, shock, and displacement strain (see para. 319.2.2).

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

321.1.1 Objectives. Thelayoutand design of piping
and |ts supporting elements shall be directed,toward
prevénting the following:

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

(b)| leakage at joints

(c)] excessive thrusts and moments on connected
equipment (such as pumps-and turbines)

(d) excessive stresses~in the supporting (or
restrgining) elements

(e)| resonance with“imposed or fluid-induced vibra-
tions

(f) | excessive interference with thermal expansion and
contfaction in“piping which is otherwise adequately
flexible

(¢)| unintentional disengagement of piping from its

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

321.1.3 Stresses for Pipe Supporting Elements.
Allowable stresses for materials used for pipe support-
ing elements, ex: i hall be i ance with
para. 302.3.1. Longitudinal weld joint factors
ever, need not be applied to the allowable) stiresses for
welded piping components which afé to be| used for
pipe supporting elements.

321.1.4 Materials
(a) Permanent supports and restraints slall be of
material suitable for thetsérvice conditions. [If steel is
cold-formed to a centerline radius less than| twice its
thickness, it shall berannealed or normaliged after
forming.
(b) Cast, ductile, and malleable iron may b¢ used for
rollers, rollér bases, anchor bases, and other sfipporting
elements “subject chiefly to compressive loading. Cast
iron ishot recommended if the piping may be subject
to impact-type loading resulting from pulsatiof or vibra-
tion” Ductile and malleable iron may be used for pipe
and beam clamps, hanger flanges, clips, bragkets, and
swivel rings.
(c) Steel of an unknown specification may b used for
pipe supporting elements that are not weldefl directly
to pressure containing piping components. (C¢mpatible
intermediate materials of known specification may be
welded directly to such components.) Basic pllowable
stress in tension or compression shall not excegd 82 MPa
(12 ksi) and the support temperature shall be ithin the
range of —29°C to 343°C (-20°F to 650°F). For stress
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 element
is properly designed, considering temperaturef strength,
and durability.

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

321.1.5 Threads. Screw threads shall cgnform to

supports

(h) excessive piping sag in piping requiring drain-
age slope

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

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

321.1.2 Analysis. In general, the location and
design of pipe supporting elements may be based on
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ASME B1.1 unless other threads are required for adjust-
ment under heavy loads. Turnbuckles and adjusting nuts
shall have the full length of internal threads engaged.
Any threaded adjustment shall be provided with a lock-
nut, 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.
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(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
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

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
supporting force. Safety devices and stops shall be pro-
vided to support the load in case of hydraulic failure.

321.3 Structural Attachments

friction irothersupports of the systemnt shatt-becorsid=
ered in the design of such anchors and guides.

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

321.2{2 Inextensible Supports Other Than Anchors
and Guidgs *°

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

(b) Hapgers 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
threads.

(c) Sliding Supports. Sliding supports (or shoes) and
brackets phall be designed to resist the forces due to
friction i addition to the loads imposed by bearing.
The dim¢nsions of the support shall provide for the
expected |movement of the supported piping.

321.2{3 Resilient Supports *°

(a) Spring supports shall be designed to exert\a sup-
porting fprce, at the point of attachment to the pipe,
equal to the load as determined by weightbalance calcu-
lations. They shall be provided with means to prevent
misalignment, buckling, or eccentri¢ loading of the
springs, gnd to prevent unintentiénal disengagement of
the load.

(b) Comstant-support spring’hangers provide a sub-
stantially uniform supporting force throughout the
range of fravel. The u§e'of this type of spring hanger is
advantagpous at lpoeations subject to appreciable move-
ment with thermakehanges. Hangers of this type should
be selected so that their travel range exceeds expected
movements;

(c) Means sha
spring hangers due to excessive deflections. It is recom-
mended that all spring hangers be provided with posi-
tion indicators.

321.2.4 Counterweight Supports. Counterweights
shall be provided with stops to limit travel. Weights
shall be positively secured. Chains, cables, hangers,

10 Various types of inextensible (solid) and resilient supports are
illustrated in MSS SP-58.
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External and mternal attachments to piping shhll be
designed so that they will not cause undue flatténing of
the pipe, excessive localized bending stresses;.or haymful
thermal gradients in the pipe wall. It issimportant that
attachments be designed to minimize stress conc¢ntra-
tion, particularly in cyclic services,

321.3.1 Nonintegral Attachments. Nonintpgral
attachments, in which the reaction between the piping
and the attachment is by contact, include clamps, slings,
cradles, U-bolts, saddles, straps, and clevises. [f the
weight of a vertical pipe is supported by a clamp, it is
recommended to‘prevent slippage that the clamp be
located below-a\flange, fitting, or support lugs welded
to the pipe,

321.3:2Integral Attachments. Integral attachments
includé/plugs, ears, shoes, plates, and angle clips, cast
on, or*welded to the piping. The material for infegral
attachments attached by welding shall be of good weld-
able quality. [See para. 321.1.4(e) for material require-
ments.] Preheating, welding, and heat treatment|shall
be in accordance with Chapter V. Consideration|shall
be given to the localized stresses induced in the pliping
component by welding the integral attachment.

(a) Integral reinforcement, complete encirclement
reinforcement, or intermediate pads of suitable |alloy
and design may be used to reduce contaminatipn or
undesirable heat effects in alloy piping.

(b) Intermediate pads, integral reinforcement,
plete encirclement reinforcement, or other means of
forcement may be used to distribute stresses.

com-
rein-

321.4 Structural Connections

The load from piping and pipe supporting elements
(including restraints and braces) shall be suitably {rans-
mitted to a pressure vessel, building, platform, support
structure, foundation, or to other piping capalle of
pen-

dix F, para. F321.4.

PART 6
SYSTEMS

322 SPECIFIC PIPING SYSTEMS
322.3 Instrument Piping

322.3.1 Definition. Instrument piping within the
scope of this Code includes all piping and piping compo-
nents used to connect instruments to other piping or
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equipment, and control piping used to connect air or
hydraulically operated control apparatus. It does not
include instruments, or permanently sealed fluid-filled
tubing systems furnished with instruments as tempera-
ture or pressure responsive devices.

322.3.2 Requirements. Instrument piping shall
meet the applicable requirements of the Code and the
following:

(a)

The desion proconvo and-temberature for instry

at one time will not reduce the pressure relieving capac-
ity provided by the unaffected relieving devices below
the required relieving capacity.

(c) As an alternative to (b) above, stop valves shall
be so constructed and arranged that they can be locked
or sealed in either the open or closed position. See
Appendix F, para. F322.6.

322.6.2 Pressure Relief Discharge Piping. Discharge
lines from pressure relieving safety devices shall be

menf| piping shall be determined in accordance with
para| 301. If more severe conditions are experienced
durirnjg blowdown of the piping, they may be treated as
occagional variations in accordance with para. 302.2.4.

(b)| Consideration shall be given to the mechanical
strength (including fatigue) of small instrument connec-
tions|to piping or apparatus (see para. 304.3.5).

(c)| Instrument piping containing fluids which are nor-
mally static and subject to freezing shall be protected
by hdat tracing or other heating methods, and insulation.

(d)| If it will be necessary to blow down (or bleed)
instrfiment piping containing toxic or flammable fluids,
consideration shall be given to safe disposal.

designed to facilitate drainage. When discharging
directly to the atmosphere, discharge shall\not impinge
on other piping or equipment and shallbe dire¢ted away
from platforms and other areas used-by personnel. Reac-
tions on the piping system due jto .actuation| of safety
relief devices shall be considered, and adequatg strength
shall be provided to withstand’these reactions.

322.6.3 Pressure Relieving Devices
(a) Pressure relieting devices required|by para.
301.2.2(a) shall be in"accordance with the BPV Code,
Section VIII, Diyision 1, UG-125(c), UG-124 through
UG-128, and/UG-132 through UG-136, ekcluding
UG-135(e)~and UG-136(c). The terms design |pressure'’

and piping‘system shall be substituted for maximum allow-
L. able guotking pressure and vessel, respectively] in these
322.6 Pressure Relieving Systems paragraphs. The required relieving capacity oflany pres-
Pr¢ssure relieving systems within the scope of this ~ 3Ure relieving device shall include consideration of all

Codq shall conform to the following requirements. See _+\ PIPing systems which it Erotects. ] )
also Appendix F, para. F322.6. (b) Relief set pressure” shall be in accordgnce with
Section VIII, Division 1, with the exceptions|stated in

322.6.1 Stop Valves in Pressure Relief Piping.) If  alternatives (1) and (2), below.

one dr more stop valves are installed between the-piping (1) With the owner’s approval the set pregsure may
being protected and its protective device ordevices, or exceed the limits in Section VIII, Division 1,|provided
betwpen the protective device or devices and the point  that the limit on maximum relieving pressurd stated in

of digcharge, they shall meet the requitements of (a) and
eithef (b) or (c), below.

(a)| A full-area stop valve may(beinstalled on the inlet
side ¢f a pressure relieving deVice. A full area stop valve
may be placed on the discharge side of a pressure reliev-
ing device when its discharge is connected to a common
headpr with other discharge lines from other pressure
relieying devices./Stop valves of less than full area may
be uged on bothuthe inlet side and discharge side of
presgure reliéving devices as outlined herein if the stop
valvgs are“of ‘such type and size that the increase in
presgure_ drop will not reduce the relieving capacity

(c) below will not be exceeded.
(2) For a liquid thermal expansion relief device
which protects only a blocked-in portion of|a piping
system, the set pressure shall not exceed thq lesser of
the system test pressure or 120% of design pfessure.
(c) The maximum relieving pressure'® shall be in
accordance with Section VIII, Division 1, with the excep-
tion that the allowances in para. 302.2.4(f) are germitted,
provided that all other requirements of para. 302.2.4 are
also met.

! The design pressure for pressure relief is the maxinjum design

pressure permitted, considering all components in|the piping
system

below—that
operation of the pressure relieving device.

(b) Stop valves to be used in pressure relief piping
shall be so constructed or positively controlled that the
closing of the maximum number of block valves possible

roagirad nor adsrarcalsr A ffact tha g
Feqrea;Roraaverseryarecttne-—proper
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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.

B3 Maximum relieving pressure is the maximum system pressure
during a pressure relieving event.
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Chapter Ill
Materials

323 GENERAL REQUIREMENTS

323.2.2 Lower Temperature Limits, Listed Materials

Chaptdr III states limitations and required qualifica-
tions for |materials based on their inherent properties.
Their usq in piping is also subject to requirements and
limitatior)s in other parts of this Code [see para. 300(d)].
See also para. 321.1.4 for support materials, and Appen-
dix F, paga. F323, for precautionary considerations.

323.1 Mpterials and Specifications

323.1.1 Listed Materials. Any material used in pres-
sure contpining piping components shall conform to a
listed spgcification except as provided in para. 323.1.2.

323.1.2 Unlisted Materials. Unlisted materials may
be used provided they conform to a published specifica-
tion covefing chemistry, physical and mechanical prop-
erties, njethod and process of manufacture, heat
treatment, and quality control, and otherwise meet the
requiremgnts of this Code. Allowable stresses shall be
determingd in accordance with the applicable allowable
stress badis of this Code or a more conservative basis.

7323.1.3 Unknown Materials. Materials of unknown
specification shall not be used for pressure-containing
piping cgmponents.

323.1)4 Reclaimed Materials. Reclaimed pipe and
other piping components may be used,«provided they
are properly identified as conforming to a listed or pub-
lished specification (para. 323.1.1 or'328.1.2) and other-
wise meet the requirements of this Code. Sufficient
cleaning and inspection shall beimade to determine min-
imum wall thickness and_fréedom from imperfections
which w¢uld be unacceptable in the intended service.

323.2 Temperature Limitations

The designer shall verify that materials which meet
other reqpirentents of the Code are suitable for service
throughout.the operatmg temperature range Attentlon
is directel a
the means used to set both cautlonary and restrictive
temperature limits in Tables A-1 and A-2.

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

(a) thereisno prohibition in Appendix A or elsewhere
in the Code

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

(a) A listed material may be used at any temperature
not lower than the minimum shown in Table\A-1} pro-
vided that the base metal, weld deposits,~and fheat-
affected zone (HAZ) are qualified as fequired bly the
applicable entry in Column A of Table 323.2.2.

(b) For carbon steels with a letter-designation in the
Min. Temp. column of Table A-¥,the€ minimum temjpera-
ture is defined by the applicable curve and Notes in
Fig. 323.2.2A. If a design minimum metal tempergture-
thickness combination isy0n or above the curve, ifppact
testing is not required:

(c) A listed madterial may be used at a tempenature
lower than the,minimum shown in Table A-1 or Fig.
323.2.2A (including Notes), unless prohibited in [Table
323.2.2, Table A-1, or elsewhere in the Code, and pro-
vided that the base metal, weld deposits, and HA|Z are
qualified as required by the applicable entry in Column
B.of Table 323.2.2.

(d) Where the Stress Ratio defined in Fig. 323.212B is
less than one, Fig. 323.2.2B provides a further basis for
the use of carbon steels covered by paras. 323.2.2(q) and
(b), without impact testing.

(1) For design minimum temperatures of 448°C
(—55°F) and above, the minimum design metal temjpera-
ture without impact testing determined in para.
323.2.2(b), for the given material and thickness, may be
reduced by the amount of the temperature redyction
provided in Fig. 323.2.2B for the applicable Stress Ratio.
If the resulting temperature is lower than the minimum
design metal temperature, impact testing of the material
is not required. Where this is applied, the piping system
shall also comply with the following requirements:

(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 (1/2 1n) or less the plpmg system shall

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.

(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.

42
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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

Column B
Column A Design Minimum Temperature Below
Design Minimum Temperature at or Above Min. Temp. in Table A-1 or Fig. Min. Temp. in Table A-1
Type of Material 323.2.2A or Fig. 323.2.2A

1 Gray cast iron

A-1 No additional requirements

B-1 No additional requirements

4 lVld‘lIlCEl‘U‘lE dlld duLLiit‘ RA=Z NU dddiliulldll lﬂquiltlllt'lllb D=Z lV|dLEIin‘l:r dtbislldlt\j N BOX 2 Sha“
cast iron; carbon steel not be used.
per Note (1)

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

3 Other carbon steels, low A-3 (@) No additional require- A-3 (b) Weld metal deposits shall be | B-3_Except as provided in |Notes (3)
and intermediate alloy ments impact tested per para. 323.3 if and/(5), heat treat base| metal per
steels, high alloy ferritic design min. temp. < —29°C applicable ASTM specififation listed
steels, duplex stainless (~20°F), except as provided in in para. 323.3.2; then impact test
steels Notes (3) and (5), and except as base metal, weld deposjts, and HAZ

follows: for materials listed for per para. 323.3 [see Nofe (2)]. When
Curves C and D of Fig. 323.2.2A, materials are used at d¢sign min.
where corresponding welding con- temp. below the assign¢d curve as
sumables are qualified by impact permitted by Notes (2) gnd (3) of
testing at thedesigh minimum tem- Fig. 323.2.2A, weld deppsits and
" perature onlewer in accordance HAZ shall be impact tested [see
Tg with thé applicable AWS specifica- Note (2)].
% tion,additional testing is not
§ required.
.E 4 Austenitic stainless A-4 (a) If: A4 (b) Weld metal deposits shall be B-4 Base metal and weld fnetal depos-
steels (1) carbon content by analysis impact tested per para. 323.3 if its shall be impact testdd per para.
> 0.1%; or design min. temp. < —29°C (-20°F) 323.3. See Notes (2), (), and (6).
(2) material is not in solution except as provided in para.
heat treated condition; 323.2.2 and in Notes (3) and (6)
then, impact test/per para.
323.3 for(design min. temp.
< —29°C (-20°F) except as
previded in Notes (3) and
(6)

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

ASTM A 571 ments per para. 323.3. 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 assyred by suit-
nickel, andtheiralloys; ments unless filler metal composition is able tests [see Note (4)] that base
unalloyed_ titanium outside the range for base metal metal, weld deposits, apnd HAZ are

composition; then test per column suitable at the design njin. temp.
B-6

0

8

.r;.": 7—Amtuntisted-materiatstrattconformtoapubtished-specification—Wherecompositiomtreat-treatmentandproduct-formarecomparabte to those of

= a listed material, requirements for the corresponding listed material shall be met. Other unlisted materials shall be qualified as required in the

E applicable section of column B.

5

43

Notes to this Table follow

on next page
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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 per ASTM A 36, A 283, and A 570; pipe per
ASTM A 134 when made from these plates; and pipe per ASTM A 53 Type F and API 5L Gr. A25 butt weld.

@

Impact tests that meet the requirements of Table 323.3.1, which are performed as part of the weld procedure qualification, will satisfy

all requirements of para. 323.2.2, and need not be repeated for production welds.

©)
Stress Ratio defined in Fig. 323.2.2B does not exceed 0.3.

Q)

Impact testing is not required if the design minimum temperature is below —29°C (—20°F) but at or above —104°C (-155°F) and the

Tests may include tensile elongation, sharp-notch tensile strength (to be compared with unnotched tensile strength), and/or other

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

©)

Impact

tempergture for the material in Table A-1.
(6) Impact
in.).

(f) Impact testing is not required for the following
combinatfions of weld metals and design minimum tem-
peratures;:

(1) for austenitic stainless steel base materials hav-
ing a carBon content not exceeding 0.10%, welded with-
out filler| metal, at design minimum temperatures of
—-101°C (+150°F) and higher

(2) fpr austenitic weld metal

(a)] having a carbon content not exceeding 0.10%,
and produced with filler metals conforming to AWS
A5.4, A5P, A5.11, A5.14, or A5.22! at design minimum
temperatpires of —101°C (-150°F) and higher, or

(b)] having a carbon content exceeding 0.10%, and
produced with filler metals conforming to AWS A5.4,
A5.9, A5J11, A5.14, or A5.22! at design minimum tem-
peratureq of —48°C (-55°F) and higher

323.2.3 Temperature Limits, Unlisted Materials. An
unlisted material, acceptable under para.823.1.2, shall
be quali:ﬁled for service at all temperatures within a
stated range, from design minimum,témperature to
design mhximum temperature, in@ccordance with para.
323.2.4.

323.2}4 Verification of Serviceability

(a) When an unlisteddnaterial is to be used, or when
a listed myaterial is to ble used above the highest tempera-
ture for which stress values appear in Appendix A, the

fests are not required when the maximum obtamable Charpy specimen has a width along the notch of [ess than 2.5 mm
in.). Unider these conditions, the design minimum temperature shall not be less than the lower of —48°C (-55°F) or the minimam|

tests are not required when the maximum obtainable Charpy specimen has a width along the notch of less than 2,5 mm

0.098

0.098

in accordance with recognized technology for both the
material and the intended service conditions. Factprs to
be considered include

(1) applicability and reliability of the data,
cially for extremes, of.the temperature range

(2) resistance of the material to deleterious sffects
of the fluid service and of the environment throughout
the temperature range

(3) determination of allowable stresses in dccor-
dance-with para. 302.3

espe-

323.3 Impact Testing Methods and Acceptance
Criteria

323.3.1 General. When impact testing is required
by Table 323.2.2, provisions elsewhere in this Coie, or
the engineering design, it shall be done in accordlance
with Table 323.3.1 using the testing methods and a¢cept-
ance criteria described in paras. 323.3.2 through 323.3.5.

323.3.2 Procedure. Impact testing of each prpduct
form of material for any specification (including yvelds
in the components) shall be done using procedurep and
apparatus in accordance with ASTM A 370, and ir} con-
formance with impact testing requirements of the fol-
lowing specifications, except that specific requireinents
of this Code which conflict with requirements of [those

designer [is respotisible for demonstrating the validity ~ specifications shall take precedence.
of the allpwable'stresses and other limits used in design
and of the approach taken in using the material, includ- Product Form ASTM Spec. No.
ing the deTivation of stress data and the establishment Pipe A 333
of temperature limits. Tube A 334
(b) Data for the development of design limits shall Fittings A 420
be obtained from a sound scientific program carried out Forgings A 350
Castings A 352
! Titles of referenced AWS standards are as follows: AWS A5.4, E;)ltmg A 320
ate A20

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.

44

GENERAL NOTE: Titles of referenced standards not listed in the
Specifications Index for Appendix A are: A 20 General Require-
ments for Steel Plates for Pressure Vessels and A 370 Test Methods
and Definitions for Mechanical Testing of Steel Products.
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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)]
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NOTES:
(1) Any carbonsteél material may be used to a minimum temperature of —29°C (-20°F) for Category D Fluid Service.
(2) X [Grades.of'API 5L, and ASTM A 381 materials, may be used in accordance with Curve B if normalized or quenched and tempered.
(3) THe following materials may be used in accordance with Curve D if normalized:
(2) ASTM A 516 Dlaha, all grarlnc

(b) ASTM A 671 Pipe, Grades CE55, CE60, 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.
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ASME B31.3-2006

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 oF °C °F °C °F °C oF
6.4 0.25 -9.4 15 -28.9 -20 -48.3 =55 -48.3 =55

7.9 0.3125 -9.4 15 -28.9 =20 -48.3 =55 -48.3 -55
9.5 0.375 -9.4 15 -28.9 =20 -48.3 =55 -48.3 =55
10.0 0.394 -9.4 15 -28.9 -20 -48.3 -55 -483 =55
11.1 0.4375 -6.7 20 -28.9 -20 -41.7 -43 -48.3 =55
12.7 0.5 -1.1 30 -28.9 -20 -37.8 -36 -48.3 -55
14.3 0.5625 2.8 37 -21.7 -7 -35.0 =31 —45.6 -50
15.9 0.625 6.1 43 -16.7 2 -32.2 -26 -43.9 —47
17.5 0.6875 8.9 48 -12.8 9 -29.4 -2% -41.7 -43
19.1 0.75 11.7 53 -9.4 15 -27.2 —17 -40.0 -40
20.6 0.8125 14.4 58 -6.7 20 -25.0 =13 -38.3 -37
22.2 0.875 16.7 62 -3.9 25 -23.3 -10 -36.7 -34
23.8 0.9375 18.3 65 -1.7 29 -21.7 -7 -35.6 -32
25.4 1.0 20.0 68 0.6 33 —19% -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
33.3 1.3125 27.8 82 7.8 46 -13.3 8 -28.3 -19
34.9 1.375 28.9 84 8.9 48 -12.2 10 -27.8 -18
36.5 1.4375 30.0 86 9.4 49 -11.1 12 -26.7 -16
38.1 1.5 31.1 88 10.6 51 -10.0 14 -25.6 -14
39.7 1.5625 32.2 90 11.7 53 -8.9 16 -25.0 -13
41.3 1.625 33.3 92 12.8 55 -8.3 17 -23.9 -11
42.9 1.6875 33.9 93 13.9 57 -7.2 19 -23.3 -10
44.5 1.75 34.4 94 14.4 58 -6.7 20 -22.2 -8
46.0 1.8125 35.6 96 15.0 59 -5.6 22 -21.7 -7
47.6 1.875 36.1 97 16.1 61 -5.0 23 -21.1 -6
49.2 1.9375 36.7 98 16.7 62 -4.4 24 -20.6 -5
50.8 2.0 37.2 99 17.2 63 -3.3 26 -20.0 -4
51.6 2.0325 37.8 100 17.8 64 -2.8 27 -19.4 -3
54.0 2.125 38.3 101 18.3 65 -2.2 28 -18.9 -2
55.6 2.1875 38.9 102 18.9 66 -1.7 29 -18.3 -1
57.2 2.25 38.9 102 19.4 67 -1.1 30 -17.8 0
58.7 2.3125 39.4 103 20.0 68 -0.6 31 -17.2 1
60.3 2.375 40.0 104 20.6 69 0.0 32 -16.7 2
61.9 24375 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 25625 41.1 106 217 71 17 35 -150 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
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GENERAL NOTES:
(@) THe Stress Ratjo,is defined as the maximum of the following:
1) nomifiabpressure stress (based on minimum pipe wall thickness less allowances) divided by S at the design minimum|
température.
D) «for-piping components with pressure ratings, the pressure for the condition under consideration divided by the pressufe rating at
the Hacign minimum h:\mrr_\nr:ﬂ'llrn
(3) combined 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.

47

Copyright ASME International
Provided by IHS under license with ASME Licensee=Aker Maritime/5944276101
No reproduction or networking permitted without license from IHS Not for Resale, 08/23/2007 05:10:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2006.pdf

ASME B31.3-2006

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

tlon of impact spec-
imens

will have received.

Test or Those in Table 323.2.2 Requiring Impact Tests Those Tested But Heat Treated During or After
Characteristics Only on Welds Fabrication
" Number of A-1 The greater of the number required by B-1 The number required by the applicable
© tests (@) the material specification or specification listed in para. 323.3.2
o (b) the applicable specification listed in para. [Note (2)]
= 39333 thote—}
S | Lochtion and orientation A-2 As required by the applicable specification listed in para. 323.3.2.
é df specimens
(]
a Tes}s by A-3 The manufacturer B-3 The fabricator or erectof
Test piece for prepara- A-4 One required for each welding procedure, for each type of filler metal (i,e., AWS E-XXXX classifi-

cation), and for each flux to be used. Test pieces shall be subjected to/@ssentially the sam¢ heat
treatment (including time at temperature or temperatures and coolipg,raté) as the erected giping

Numnber of test pieces
[Note (3)]

Tests on Welds in Fabrication or Assembly

A-5

(@) One piece, thickness T, for each range of
material thickness from 7/2 to T+ 6 mm
(7, in)

(b) Unless required by the engineering design,
pieces need not be made from each lot, nor
from material for each job, provided that
welds have been tested as required by Seex
tion 4 above, for the same type and grade
of material (or for the same P-Numbéf and
Group Number in BPV Code, Sectjon IX),
and of the same thickness range;~and that
records of the tests are made ‘available

B-5
(@) One piegefrom each lot of material ineach
specification and grade including heat|treat-
ment [Note (4)] unless
®)\Materials are qualified by the fabricatdr or
erector as specified in Sections B-1 and B-2
above, in which case the requirementq of
Section A-5 apply

Locgtion and orientation
df specimens

6

possible.of'the HAZ in the fracture.

(@ Weld metal: across the_weld, with notch in the weld metal; notch axis shall be normal to material
surface, with one’fdce ‘of specimen < 1.5 mm (Y in.) from the material surface.

(b) Heat affected Zone*(HAZ): across the weld and long enough to locate notch in the HAZ after| etch-
ing; notch axis shall be approximately normal to material surface and shall include as much as

Tesfs by

7 The-fabricator or erector

NOTES:

(1) A certifled report of impact tests performed (after being appropriately heat treated as required by Table 323.2.2, item B-3) by thg man-

ufacturgr shall be obtained as€vidénce that the material (including any welds used in its manufacture) meets the requirements

Code apd that

(@) the tests were condueted on specimens representative of the material delivered to and used by the fabricator or erector, o
(b) the tests were conducted on specimens removed from test pieces of the material which received heat treatment separately
the same manner as:the material (including heat treatment by the manufacturer) so as to be representative of the finished pipin
(2) If welding is used<dn’manufacture, fabrication, or erection, tests of the HAZ will suffice for the tests of the base material.

f this

n

(3) The test piece'shall be large enough to permit preparing three specimens from the weld metal and three from the HAZ (if required) per

para. 3P3.3. lf’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 spkcifica-

tion applicable to the product term (i.e., plate, pipe, etc.) listed in para. 323.3.2.
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323.3.3 Test Specimens. Each set of impact test
specimens shall consist of three specimen bars. All
impact tests shall be made using standard 10 mm
(0.394 in.) square cross section Charpy V-notch specimen

Table 323.3.4 Charpy Impact Test
Temperature Reduction

Actual
Material Thickness

bars, except when the material shape or thickness does [See Para. 323.3.4(b)] Temperature
not permit. Charpy impact tests may be performed on or Charpy Impact Reduction
specimens of full material thickness, which may be Specimen Width Below Design
machined to remove surface irregularities. Alternatively, Alonﬁ tthe ;\IOtch ; Mmlmutm
such material may be reduced in thickness to produce [Note (1) emperature
the lqrgestpossible Charpy subsize specimern. See 1abie i e o€ °F
323.34. 10 (full size 0.394 0 0
323.3.4 Test Temperatures. For all Charpy impact standard ban
tests, the test temperature criteria in para. 323.3.4(a) or 9 0.354 0 0
(b) shall be observed. The test specimens, as well as the 8 0.315 0 0
handlling tongs, shall be cooled for a sufficient length of 7.5 (/, size bar) 0.265 2.8 5
time [to reach the test temperature. 7 d276 b4t 8
(a)| For Materials of Thickness Equal to or Greater Than 6.67 (/5 size bar) 0.262 5.6 10
10 min (0.394 in.). Where the largest attainable Charpy 6 0.236 8.3 15
V-notch specimen has a width along the notch of at least 5 (Y size ban 0.197 111 20
8 mnp (0.315 in.), the Charpy test using such a specimen 4 0.157 16.7 30
shall be. cond}lc.ted at a temperature not higher than 3.33 (% sizeBa) 0.131 19.4 35
the design minimum temperature. Where the largest 3 0.118 22.2 40
possible test specimen has a width along the notch less 2.5 (Y, size bar) 0.098 27.8 50

than 8 mm, the test shall be conducted at a temperature
lowet than the design minimum temperature by the
amoyint shown in Table 323.3.4 for that specimen width.

(b)| For Materials With Thickness Less Than 10 mm
(0.39¢ in.). Where the largest attainable Charpy V-notch
specimen has a width along the notch of at least-80%
of th¢ material thickness, the Charpy test of sucha speci-
men shall be conducted at a temperature not higher than
the design minimum temperature. Whefe the largest
possiple test specimen has a width along the notch of
less than 80% of the material thickness, the test shall
be cgnducted at a temperature lower than the design
minifnum temperature by an amount equal to the differ-
ence [referring to Table 323.3.4)between the temperature
redugtion correspondingto the actual material thickness
and the temperaturereddction corresponding to the
Charpy specimen width actually tested.

323.3.5 Acceptance Criteria

(a)| MinimiiEnergy Requirements. Except for bolting
materials; the applicable minimum energy requirement
for carben-and low alloy steels with specified minimum

GENERAL NOTE: These temperature reduction criteria do not apply
when Table 323.3.5 specifies lateral expansion for minimpm required
values.

NOTE:

(1) Straight line interpolation for intermediate values is| permitted.

the line constituting the bottom of the V-nfotch (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 tensilg strength
most closely matching the specified minimuym tensile
strength of the weld metal.
(d) Retests
(1) For Absorbed Energy Criteria. When thie average
value of the three specimens equals or exceeddq the mini-
mum value permitted for a single specimen and the
value for more than one specimen is below th¢ required

tensitestrengthstessthan656Pat(95kst)
shown in Table 323.3.5.

(b) Lateral Expansion Requirements. Other carbon and
low alloy steels having specified minimum tensile
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 notch
of not less than 0.38 mm (0.015 in.) for all specimen
sizes. The lateral expansion is the increase in width of
the broken impact specimen over that of the unbroken
specimen measured on the compression side, parallel to

balllba il
D INST) ST DT TITOST

49

dverdge leue, OI W‘Ilell l}le leue fUI OIE 5P Cimen iS
below the minimum value permitted for a single speci-
men, a retest of three additional specimens shall be
made. The value for each of these retest specimens shall
equal or exceed the required average value.

(2) For Lateral Expansion Criterion. If the value of
lateral expansion for one specimen in a group of three
is below 0.38 mm (0.015 in.) but not below 0.25 mm
(0.01 in.), and if the average value for three specimens
equals or exceeds 0.38 mm (0.015 in.), a retest of three
additional specimens may be made, each of which must
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Table 323.3.5 Minimum Required Charpy V-Notch Impact Values

Specified Minimum

No. of Specimens

Energy [Note (2)]

Other Than Fully
Deoxidized Steels

Fully Deoxidized
Steels

mm (0.015 in.). In the case of heat treated materials,*if
the requifed values are not obtained in the retest-or-if
the valugs in the initial test are below the minimum
allowed fpr retest, the material may be reheat treated and
retested. After reheat treatment, a set of three specimens
shall be rhade. For acceptance, the lateral*expansion of
each of thie specimens must equal or éxceed the specified
minimunp value of 0.38 mm (0.015 in.).

(3) Hor Erratic Test Resultsi, When an erratic result

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
Minimuom for 1 cpnriman 16 10 10 7
Over 448 tg 517 MPa (75 ksi) Average for 3 specimens 20 15 18 13
Minimum for 1 specimen 16 12 14 10
Over 517 blut not incl. 656 MPa (95 ksi) Average for 3 specimens 27 20
Minimum for 1 specimen 20 15
Lateral’Expansion
656 MPa and over [Note (3)] Minimum for 3 specimens 0:38:mm (0.015 in.)
(b) Steels ip P-Nos. 6, 7, and 8 Minimum for 3 specimens 0.38 mm (0.015 in.)
NOTES:
(1) See pafa. 323.3.5(d) for permissible retests.
.(2) Energy palues in this Table are for standard size specimens. For subsize specimens, these values shall be multiplied by the ratio [of the
7: actual $pecimen width to that of a full-size specimen, 10 mm (0.394 in.).
(3) For bol{ing of this strength level in nominal sizes M 52 (2 in.) and under, the impdact requirements of ASTM A 320 may be applied. For
bolting|over M 52, requirements of this Table shall apply.
‘equal or |exceed the specified minimum value of 0.38 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, API1 594, A{I 599,
or API1609 may be used within the pressure-tempesature
ratings given in ASME B16.42.

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

(b) Other Cast Irons. The following shall not be|used

is caused|by a defective specimen or there is uncertainty =~ under severe cyclic conditions. If safeguarding if pro-
in the tegt procedure, a retest will be allowed. vided against excessive heat and thermal shock and
mechanical shock and abuse, they may be used in jother

323.4 Fluid Service'Requirements for Materials

323.41 Generall Requirements in para. 323.4 apply
to pressufe céntaining parts. They do not apply to mate-
rials used forsupports, gaskets, packing, or bolting. See

services subject to the following requirements.

(1) Castiron shall not be used above ground within
process unit limits in hydrocarbon or other flamrpable
fluid service at temperatures above 149°C (300°H) nor

also Appendix F, para. F323.4.

323.4.2 Specific Requirements

(a) Ductile Iron. Ductileiron shall not be used for pres-
sure containing parts at temperatures below -29°C
(—=20°F) (except austenitic ductile iron) or above 343°C
(650°F). Austenitic ductile iron conforming to ASTM A
571 may be used at temperatures below —29°C (-20°F)
down to the temperature of the impact test conducted in
accordance with that specification but not below —196°C
(=320°F).

50

at-gage—pressures—above 1035 kPa—-(156-psh—Inother
locations the pressure limit shall be 2760 kPa (400 psi).

(2) Malleable iron shall not be used in any fluid
service at temperatures below —29°C (-20°F) or above
343°C (650°F) and shall not be used in flammable fluid
service at temperatures above 149°C (300°F) nor at gage
pressures above 2760 kPa (400 psi).

(3) High 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-
cautionary measures when using this material.
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(c) Other Materials

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

(2) Lead and tin and their alloys shall not be used
in flammable fluid services.

include the thickness of the cladding or lining. The
allowable stress used shall be that for the base metal
at the design temperature. For such components, the
cladding or lining may be any material that, in the judg-
ment of the user, is suitable for the intended service and
for the method of manufacture and assembly of the
piping component.

(c) Except for components designed in accordance
with provisions of para. 323 4.3(a), fluid service require-

323.4.3 Cladding and Lining Materials. Materials
with |metallic cladding or metallic lining may be used
in acrordance with the following provisions:

(a)| If piping components are made from integrally
clad plate conforming to
1) ASTM A 263, Corrosion-Resisting Chromium
Clad Plate, Sheet, and Strip
2) ASTM A 264, Stainless Chromium-Nickel Steel
Plate, Sheet, and Strip
3) ASTM A 265, Nickel and Nickel-Base Alloy Clad

Sheet, and Strip

. Steel
Clad

Plate

- Then| pressure design in accordance with rules in para.
' 304 may be based upon the total thickness of base metal
and dladding after any allowance for corrosion has been
deducted, provided that both the base metal and the
cladding metal are acceptable for Code use under para.
323.1} and provided that the clad plate has been shear
testedl and meets all shear test requirements of the appli-
cableg ASTM specification. The allowable stress for each
material (base and cladding) shall be taken from Appen-
dix 4, or determined in accordance with the rules in
para|302.3, provided, however, that the allowable stress
used|for the cladding portion of the design' thickness
shalljnever be greater than the allowable stress used for
the base portion.

(b)| For all other metallic clad pr'lined piping compo-
nentd, the base metal shall be an‘acceptable Code mate-
rial as defined in para. 323-kand the thickness used in
presdqure design in accordance with para. 304 shall not

TIents for materials stated i this Code stati mot restrict
their use as cladding or lining in pipe orcethgr compo-
nents. Fluid service requirements for the outef material
(including those for components andjoints) shgll govern,
except that temperature limitatigns-of both jnner and
outer materials, and of any bond between them, shall
be considered.
(d) Fabrication by welding of clad or ling
components and the inspection and testing of uch com-
ponents shall be dene”in accordance with gpplicable
provisions of the*BPV Code, Section VIII, Division 1,
UCL-30 through UCL-52, or the provisions of| Chapters
V and VI of this Code, whichever are more sfringent.

d piping

323.5 ‘Deterioration of Materials in Service

in service
300(c)(6).
presented

Selection of material to resist deterioration
is'not within the scope of this Code. See para.
Recommendations based on experience are
for guidance in Appendix E, para. F323.

325 MATERIALS — MISCELLANEOUS
325.1 Joining and Auxiliary Materials

When selecting materials such as adhesives} cements,
solvents, solders, brazing materials, packing, and O-
rings for making or sealing joints, the designer shall
consider their suitability for the fluid service. (Consider-
ation should also be given to the possible effgcts of the
joining or auxiliary materials on the fluid hapdled.)
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Chapter IV
Standards for Piping Components

326 DIMENSIONS AND RATINGS OF

requirements of applicable standards liste

C(]MPONENTS

326.1 Dimensional Requirements

326.1
standard
Table 324
specificat
ered reqy

(06) 326.1

1 Listed Piping Components. Dimensional
|s' for piping components are listed in
b.1. Dimensional requirements contained in
ions listed in Appendix A shall also be consid-
irements of this Code.

2 Unlisted Piping Components. Piping com-

ponents not listed in Table 326.1 or Appendix A shall

meet the
para. 302
described

326.1.
tion threg
ponent s

Tt is not
throughou
along with|
are shown

pressure design requirements described in
2.3 and the mechanical strength requirements
in para. 303.

B Threads. The dimensions of piping connec-
ds not otherwise covered by a governing com-
andard or specification shall conform to the

practical to refer to a specific edition of each standard
the Code text. Instead, the approved edition references;
the names and address of sponsoring organizations;
in Appendix E.

Table 326.1 or Appendix A.

326.2 Ratings of Components

326.2.1 Listed Components. The” pres
temperature ratings of components listed in Table
are accepted for pressure designyin)accordance
para. 303.

326.2.2 Unlisted Companents. The pres
temperature ratings of unlisted piping componentg
conform to the applicable provisions of para. 304

326.3 ReferenceDocuments

The documentslisted in Table 326.1 contain refer
to codes, standards, and specifications not list
Table 326.1.)Such unlisted codes, standards, and s
cationscshall be used only in the context of the
documents in which they appear.

d in

sure-
326.1
with

bure-
shall

brces
ed in
ecifi-
isted

The design, materials, fabrication, assembly, examnina-

tion, inspection, and testing requirements of this
are not applicable to components manufactured in
dance with the documents listed in Table 326.1, 4
specifically stated in this Code, or the listed docu

Code
ccor-
nless
ment.
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Table 326.1 Component Standards

Standard or Specification Designation

Bolting
Square and Hex Bolts and Screws (INCh SeMeS) . . . . oo ittt e et et e e e e e e e ASME B18.2.1
Square and Hex Nuts (INCh Series). . . . v i it e e et e e e e e e e e e e e ASME B18.2.2
Metallic Fittings, Valves, and Flanges
Cast Ifon Pipe Flanges and Flanged Fittings . . . . . . . i it i i i e e et e et e et et e e AJME B16.1
Malledble Iron Threaded Fittings . . . . . . it e e e e e e e et e e et e e e e e e e A9ME B16.3
Gray Ifon Threaded Fittings. . . . . o ittt i et ettt et e e e e e e e e e A9ME B16.4
Pipe Hanges and Flanged Fittings . . . . . . .o i i e e e e e e e A9ME B16.5
Factory-Made Wrought Steel Buttwelding Fittings . . . . . . ... it e e e e s A9ME B16.9
Face-tp-Face and End-To-End Dimensions of Valves . . . . .. ... . e e N ASME B16.10
Forged Fittings, Socket-Welding and Threaded . . ... ... ... .. .. i ... ASNIE B16.11
Ferrouk Pipe Plugs, Bushings, and Locknuts With Pipe Threads . . ... ...... ... . . Y0l ASNIE B16.14
Cast Hronze Threaded Fittings, Class 125 and 250 [Notes (1), ()] . . . .« v o v i i v i i i i NN ASNIE B16.15
Cast Jopper Alloy Solder Joint Pressure Fittings . . . ... o vttt it e et et e N e ASNIE B16.18
Wrought Copper and Copper Alloy Solder Joint Pressure Fittings . .. ... ... ... .. 0. ASNIE B16.22
Cast Jopper Alloy Pipe Flanges and Flanged Fittings: Classes 150, 300, 600, 900, 1500, and 2500. ............ ASNIE B16.24
Cast (opper Alloy Fittings for Flared Copper Tubes . ... ... ... ... o o Dot ASNIE B16.26
Wrought Steel Buttwelding Short Radius Elbows and Returns [Note (3)] . ... .. ... o oo ASNIE B16.28
Valved-Flanged, Threaded, and Welding End. . . . . . . ... . i e e et e e et e e i ASNIE B16.34
Orificd Flanges, Class 300, 600, 900, 1500, and 2500. . . . . ..ot v ittt e e e e ASNIE B16.36
Mallegble Iron Threaded Pipe Unions, Class 150, 250, and 300 . ... ... .., .88 oottt ittt e ASNIE B16.39
Ductil¢ Iron Pipe Flanges and Flanged Fittings, Class 150 and 300. . . . . ... 0N . . ittt ASNIE B16.42
Large Diameter Steel Flanges, NPS 26 Through NPS 60 . ... ... ... . o i ASNIE B16.47
Steel Line Blanks . . . . oo A e ASNIE B16.48
Flangdd Steel Pressure-Relief Valves. . . . . . . o e et e e e e e e API 526
Waferfand Wafer-Lug Check Valves. . . . . . .. o e APl 594
Metal |Plug Valves—Flanged, Threaded, and Welding Ends. . .4~ . . . o oottt ittt e et e e e API 599
Bolted Bonnet Steel Gate Valves for Petroleum and Natural Gas Industries . ... ........ ... ... APl 600
Compact Steel Gate Valves — Flanged, Threaded, Welding'and Extended Body Ends . . ... .................. API 602
Class [150, Cast, Corrosion-Resistant, Flanged-End GateValves . ... ... ... .. .. . . .. API 603
Metal [Ball Valves-Flanged, Threaded, and Welding End . . . . ... .. .. i e API 608
Lug- and Wafer-Type Butterfly Valves . . . . e . o ot e e e API 609
Ductilg-Iron and Gray-Iron Fittings, 3 Ingh Through 48 Inch (75 mm Through 1200 mm), for Water and Other

Ligdids . . oot e T AWWA C110
Flangdd Ductile-Iron with Ductile-lran.or Gray-lron Threaded Flanges. . . . . .. . . ... i AWWA C115
Steel Pipe Flanges for Waterworks.Service, Sizes 4 inch Through 144 inch (100 mm Through 3,600 mm) .. ....... AWWA C207
Dimensions for Fabricated SteelWater Pipe Fittings. . . . .. ... . e AWWA C208
Metal{Seated Gate Valvessfor-Water Supply Service. . . . ... i e AWWA C500
Rubbgr-Seated ButterflysValves . . . . . o e AWWA C504
Standgrd Finishesfor*Contact Faces of Pipe Flanges and Connecting-End Flanges of Valves and Fittings . . ........ MSS SP-6
Spot Hacing forBfonze, Iron and Steel Flanges. . . . . . . . ottt e e MSS SP-9
Standgrd Marking Systems for Valves, Fittings, Flanges, and Unions. . . ... .. ... .. . e, SS SP-25
Class [150_(PN 20) Corrosion Resistant Gate, Globe, Angle and Check Valves With Flanged and Butt Weld Ends . . . .. SS SP-42
Wrought Stainless Steel Butt-Welding Fittings Including Reference to Other Corrosion Resistant Materials . . . . ... .. SS SP-43
Steel Pipe Line Flanges . . . . . o i e e e MSS SP-44
Bypass and Drain CONNECHiONS . . . . . .ttt e e e e e e e e e e e e e e e e MSS SP-45
Class 150LW Corrosion Resistant Flanges and Cast Flanged Fittings . .. ... ... ... ... .. MSS SP-51
High Pressure Chemical Industry Flanges and Threaded Stubs for Use with Lens Gaskets. .. ................. MSS SP-65
Cast Iron Gate Valves, Flanged and Threaded Ends . . . . . . . .. it e et e et e e MSS SP-70
Gray Iron Swing Check Valves, Flanged and Threaded Ends. . . . . .. ... .t MSS SP-71
Ball Valves With Flanged or Buttwelding Ends for General Service . . . ... ... . ittt e MSS SP-72
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(06) Table 326.1 Component Standards (Cont‘d)

Standard or Specification Designation

Metallic Fittings, Valves, and Flanges (Cont’d)

Specifications for High Test Wrought Buttwelding Fittings. . . . . . . .. .. . . e MSS SP-75
Socket-Welding RedUCEr INSEItS . . . v v vttt e et et e e et e e e et et et e e e e e MSS SP-79
Bronze Gate, Globe, Angle and Check Valves . . . . . .. i e e e e e e e e MSS SP-80
Stainless Steel, Bonnetless, Flanged, Knife Gate Valves . . . . . ... o ittt e e et e e MSS SP-81
Class 3000 Steel Pipe Unions, Socket-Welding and Threaded . . ... ... ... ... ..., MSS SP-83
Gray Iron Glohe and Angle Valves Flanged and Threaded Ends MSS SP-85
Diaphragm [Type Valves . . . . .. e e MSS-94P-88
Swage(d) Nipples and Bull PlUgS . . . . o v ottt et e e e e e e e e MSS"9P-95
Integrally Reinforced Forged Branch Outlet Fittings — Socket Welding, Threaded, and Buttwelding Ends. . . .. ...... MSS 9P-97
Instrument [Valves for Code Applications . . . . . . . i e e MSS SH-105
Factory-Made Wrought Belled End Socket Welding Fittings [Note (4)] ... ... . ot MSS SHR-119
Refrigeratioh Tube Fittings — General Specifications. . . . . . ... . e e SAE|513
Hydraulic Thbe Fittings. . . . . . o oo e e e e e e e ML SAE()514
Hydraulic Flanged Tube, Pipe, and Hose Connections, Four-Bolt Split Flanged Type . . . .. ... ... ... .. &SA. .. SAE|518

Metallic Pige and Tubes [Note (5)]

Welded and Seamless Wrought Steel Pipe. . . . . .. . AN e ASME B36]/10M
Stainless Sfeel Pipe . . ..ot e e T ASME B36]19M
Flanged Duftile-Iron Pipe with Ductile-Iron or Gray-lron Threaded Flanges . ... ...... ... & Ny ... o ... AWWA (115
Thickness Design of Ductile-lron Pipe . . . . . ... o i Y AWWA {150
Ductile-lIron| Pipe, Centrifugally Cast, for Water . . . . ... AN e e e e e AWWA (151
Steel Wate Pipe 6 inches (150 mm) and Larger. . . .. ..o v ie e inn e GO e AWWA {200

Miscellanequs

Unified Inch Screw Threads (UN and UNR Thread Form) . . ... .. . ... . o0 . i e e ASME [B1.1
Pipe Threads, General Purpose (Inch) . . .. .. ... .. . WD ASME B1J20.1
Dryseal Pipp Threads (INCh) . . . . oottt e e S e e e e ASME B1J20.3
Hose Coupling Screw Threads (Inch). . . .. ... oo s e ASME B1J20.7
Metallic Gapkets for Pipe Flanges — Ring: Joint, Spiral Woundpand Jacketed . . ...... ... ... ... ... ... . .... ASME B16.20
Nonmetalliq¢ Flat Gaskets for Pipe Flanges . . . . . .. .. . 0 ) o i e e e e e e e ASME B16.21
Buttwelding Ends . . . . . . ... e e ASME B16.25
Surface Texture (Surface Roughness, Waviness, and Lay) . . . . ... ..ottt ittt it it et e et e et e e ASME HB46.1
Specificatign for Threading, Gaging and Thread Inspéction of Casing, Tubing, and Line Pipe Threads .. .......... APl 5B
Rubber Gagket Joints for Ductile-Iron Pressure=Pipe and Fittings. . . . . .. ... ... . it i i AWWA (111
Flexible Mefal Hose [Notes (1), (6), and (Z)].5=f . . o o i ittt e e e e e e e et e et e e e BS 6501, Part 1
Pipe Hangefs and Supports — Materials,\Design, and Manufacture. . . .. ......... ... .. .. .. .. . . ... MSS 9pP-58
Brazing Joints for Copper and Copper Alloy Pressure Fittings. . . . . . oo oo v ittt i e e e e e MSS 9pP-73
Standard fdr Fire HoSe CONNECtiONS . 4 « o o v v it et e e e e e e e e e e e e e e e e e e e e e e e e NFPA 1963

GENERAL NPTE: It is not practical to refer to a specific edition of each standard throughout the Code text. Instead, the approved gdition
references, [along with the names and addresses of the sponsoring organizations, are shown in Appendix E.
NOTES:
(1) This stgndard.allows the use of unlisted materials; see para. 323.1.2.

(2) This stgndafd-allows straight pipe threads in sizes < DN 15 (NPS %4); see para. 314.2.1(d).

(3) CautiorjaryNote: Pressure ratings of components manufactured in accordance with editions prior to the 1994 Edition of this stanglard
were deTated 10 8U% of equivatent seamiess pipe. This derating 15 no tonger required for components manuractured in accordance
with the 1994 Edition.

(4) MSS SP-119 includes three classes of fittings: MP, MARINE, and CR. Only the MP class fittings are considered a “Listed Component” for
the purpose of this Code. Cautionary Note: See MSS SP-119 (Section 6) for special provisions concerning ratings. (In accordance with
MSS SP-119, the pressure ratings for MP class fittings are 87.5% of those calculated for straight seamless pipe of minimum wall
thickness.)

(5) See also Appendix A.

(6) Welding and brazing to be in accordance with paras. 328 and 333, respectively in lieu of the referenced specifications in this
standard.

(7) This 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-

Mgtallic piping materials and components are pre-
paredl for assembly and erection by one or more of the
fabrigation processes covered in paras. 328, 330, 331, 332,
and 333. When any of these processes is used in assembly
or er¢ction, requirements are the same as for fabrication.

328 | WELDING

Wdlding shall conform to paras. 328.1 through 328.6 in
accoridance with applicable requirements of para. 311.2.

328.1 Welding Responsibility

Earh employer is responsible for the welding done
by thie personnel of his/her organization and, except-as
provided in paras. 328.2.2 and 328.2.3, shall condu¢tithe
tests[required to qualify welding procedures,l-and to
qualify and as necessary requalify welders and-welding
operators.

328.2 Welding Qualifications

328.2.1 Qualification Requirements

(a)] Qualification of the'welding procedures to be used
and ¢f the performance of welders and welding opera-
tors ghall conform to the requirements of the BPV Code,
Sectipn IX exeéptias modified herein.

(b)) Where.the base metal will not withstand the
180 deg guided bend required by Section IX, a qualifying
weldpd\specimen is required to undergo the same degree

strated by procedure qualification, except thalt a proce-
dure qualified without use of a backing yring is also
qualified for use with a backing ring ifija-single-welded
butt joint.

(f) To reduce the number of welding procedure quali-
fications required, P-Numbers or S-Numbers, and
Group Numbers are assigned, in the BPV Code, Section
IX, to groupings of metals generally based onfcomposi-
tion, weldability, and mechanical properties, jnsofar as
practicable. The PANumbers or S-Numbers for jnost met-
als are listed for ‘the convenience of the Code| user in a
separate column 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, i required
for this’Code.

328.2.2 Procedure Qualification by Othefs. Each
employer is responsible for qualifying any welding pro-
cedure that personnel of the organization willfuse. Sub-
ject to the specific approval of the Inspectory welding
procedures qualified by others may be used,|provided
that the following conditions are met:

(a) The Inspector shall be satisfied that
(1) the proposed welding procedure spgcification
(WPS) has been prepared, qualified, and executed by a
responsible, recognized organization with expertise in
the field of welding
(2) the employer has not made any charge in the
welding procedure
(b) The base material P-Number is either |, 3, 4 Gr.
No. 1 (11/4 Cr max.), or 8 and impact testihg is not
required.
(c) The base metals to be joined are of fthe same
P-Number, except that P-Nos. 1, 3, and 4 Gr. INo. 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
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be welded to each other as permitted by oection IX.

(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:

(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

AWS A5.11 AWS A5.4! AWS A5.5!
E6010 E308-15, -16 E7010-A1
E6011 E308L-15, -16 E7018-Al
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
ES510L-15, -10 EoU10-D.
E347-15, -16 E8018-B2L

(h) By pignature, the employer accepts responsibility
for both the WPS and the procedure qualification record
(POR).

(i) The|employer has at least one currently employed
welder qr welding operator who, while in his/her
employ, has satisfactorily passed a performance qualifi-
cation test using the procedure and the P-Number mate-
rial specified in the WPS. The performance bend test
required |y Section IX, QW-302 shall be used for this
purpose. Qualification by radiography is not acceptable.

328.2|3 Performance Qualification by Others. To
avoid duplication of effort, an employer may accept a
performance qualification made for another employer,
provided that the Inspector specifically approves.
Acceptanjce is limited to qualification on piping using
the same|or equivalent procedure wherein the essential
variablep are within the limits in Section IX. The
employqr shall obtain a copy from the previous
employey of the performance qualification test record;
showing the name of the employer, name of the welder
or welding operator, procedure identificationf, date of
successfull qualification, and the date that the individual
last used|the procedure on pressure piping.

328.2/4 Qualification Records. The employer shall
maintain|a self-certified record, available to the owner
(and the pwner’s agent) and thé Inspector, of the proce-
dures used and the weldefs and welding operators
employed, showing the date and results of procedure
and perf¢rmance qualifications, and the identification
symbol apsigned to_each welder and welding operator.

328.3 Welding Materials

328.3|1Filler Metal. Filler metal shall conform to

Spiit-bard type. SoIme COmmonty Used types are shown
in Fig. 328.3.2.

(c) Nonferrous and Nonmetallic Backing Rings, Bafking
rings of nonferrous or nonmetallic material may beused,
provided the designer approves their;use-and the fweld-
ing procedure using them is qualified as requir¢d by
para. 328.2.

328.3.3 Consumable Inserts. Consumable inserts
may be used, provided they are of the same nominal
composition as the filler métal, will not cause detrimen-
tal alloying of the weld'metal, and the welding procedure
using them is qualified as required by para. 328.2. fome
commonly used\types are shown in Fig. 328.3.2.

328.4 Preparation for Welding

3284.1 Cleaning. Internal and external surfages 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.

328.4.2 End Preparation
(a) General
(1) End preparation is acceptable only if the syrface
is reasonably smooth and true, and slag from oxygen
or arc cutting is cleaned from thermally cut surfaces.
Discoloration remaining on a thermally cut surface is
not considered detrimental oxidation.
(2) End preparation for groove welds specified in
ASME B16.25, or any other which meets the WPS, is
acceptable. [For convenience, the basic bevel angles of
ASME B16.25 and some additional J-bevel anglgs are
shown in Fig. 328.4.2 sketches (a) and (b).]
(b) Circumferential Welds
(1) If component ends are trimmed as shown in
Fig. 328.3.2 sketch (a) or (b) to fit backing rings o1 con-

the requi ermrernts—of—Sectiorr XA fiter metat ot yci_
incorporated in Section IX may be used with the owner’s
approval if a procedure qualification test is first success-
fully made.

328.3.2 Weld Backing Material. When backing rings
are used, they shall conform to the following:

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.

buula‘u}c illbcl tb, Ul ds5 B}lUVVll ill ris. 328.4.3 D}\Ct\.h (a)
or (b) to correct internal misalignment, such trimming
shall not reduce the finished wall thickness below the
required minimum wall thickness, t,,.

(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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Fig. 328.3.2 Typical Backing Rings and Consumable Inserts

5 r;\m
>
tm (c) Nonmetallic Removable
Backing Ring (Refractory)
} 12 MM
3 mmito5 mm (574 In.)

([/g in. to 31 in.)

(a) Butt Joint With Bored Pipe Ends _

and Solid or Split Backing Ring [Note (1)] @ (d) Square Ring or [Round
5 mm ’ Wire Type
(3/16 in.) ) ?
\ { % .
. [‘ / L 4 (e) Flat Rectanguldr Ring
B L Typical
l NN Consumable
— ‘/’/,/,/’/A / Inserts .
[} % (f) Formed Ring Tlype
19 mm
3mmto5 mm l‘ (3, in.)
(}/5 in. to 3¢ in.) 4
(b) Butt Joint With Taper-Bored Ends § % (g) Y-Type

and Solid Backing Ring [Note (1)]

NOTE:
(1) Rdfer to ASME B16.25 for detailed dimensional information on welding ends.

Fig. 328.4.2 Typical Butt Weld End Preparation
37", deg + 27, deg 207deg + 27/, deg
k"/ Fig. 328.4.3 Trimming and Permitted Misalignment
<22mm 5mm- ’ =
(g in) (%s in.) _f
b 2t b
Y 3 |’” >,
[1.5 mm = 0.8 mm i_‘: - i
the in. = Yz in.) L Permitted ~
(3)-Wall Thickness 6 mm to 22 mm, ’S“;:av'\il%"sme"t' \3‘:] 3D deg man.

Inclusive (3/46 in. to 7/g in.)

20 deg + 2/, deg
o 2 ‘7

(a) Thicker Pipe Taper-Bored to Align

; 37"/, deg {
1
>22mm t2/§deg 2ty ->t
(7/8 in.) mm =im
I (316 in.)
19 mm b
(34 in.)
l 1 ‘ 4 L Permitted \
T— isali Round
1.5 mm = 0.8 mm misalignment. 30 deg
: =2 See WPS. corner

(Ve in. = V/37in.) max.

{b) Wall Thickness Over 22 mm {7/gin.) (b) Thicker Pipe Bored for Alignment
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Fig. 328.4.4 Preparation for Branch Connections

20 mm (in.)

(4) Where necessary, weld metal may be deposited
inside or joutside of the component to permit alignment
or provide for machining to ensure satisfactory seating
of rings qr inserts.

(5) When a girth or miter groove weld joins compo-
nents of linequal wall thickness and one is more than
1% times [the thickness of the other, end preparation and
geometry shall be in accordance with acceptable designs
for unequal wall thickness in ASME B16.25.

(6) Buttweld fittings manufactured in accordance
with ASME B16.9 may be trimmed to produce an angular
joint offs¢t in their connections to pipe or to other butts
weld fittings without being subject to design qualifica®
tions in afcordance with para. 304.7.2 provided thé total
angular qffset produced between the two joirted parts
does not jexceed three degrees.

328.4J3 Alignment
(a) Cirgumferential Welds
(1) Inside surfaces of components at ends to be
joined in|girth or miter groové welds shall be aligned
within the dimensional limits.ih the WPS and the engi-
neering design.
(2) If the external surfaces of the components are
not aligned, the weldsshall be tapered between them.
(b) Lgngitudiidl-Welds. Alignment of longitudinal
groove welds~(not made in accordance with a standard
listed in [fable“A-1 or Table 326.1) shall conform to the

g = root gap per welding specification _
m = the lesser of 3.2 mm (/g in.) or 0.5 T,

(b) l (c)

(3) Run openings for, branch connections shall not
deviate from the requited contour more than the dimen-
sion m in Fig. 328,4.4:In no case shall deviations ¢f the
shape of the opening cause the root spacing tolerance
limits in the WPS to be exceeded. Weld metal mpy be
added and:refinished if necessary for compliance

(d) Spacing. The root opening of the joint shall be
withinthe tolerance limits in the WPS.

328.5 Welding Requirements

328.5.1 General

(a) Welds, including addition of weld metal for align-
ment [paras. 328.4.2(b)(4) and 328.4.3(c)(3)], shqll be
made in accordance with a qualified procedure afd by
qualified welders or welding operators.

(b) Each qualified welder and welding operator|shall
be assigned an identification symbol. Unless othefwise
specified in the engineering design, each pressur¢ con-
taining weld or adjacent area shall be marked with the
identification symbol of the welder or welding operator.
In lieu of marking the weld, appropriate records|shall
be filed.

(c) Tack welds at the root of the joint shall be made
with filler metal equivalent to that used in the root|pass.
Tack welds shall be made by a qualified welder or feld-
ing operator. Tack welds shall be fused with thg root
pass weld, except that those which have cracked|shall

Biid o b +

requirements-of para—328-43fa)-
(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
inside surface of the run pipe at all points [see Fig. 328.4.4
sketch (c)] and shall otherwise conform to para.
328.4.3(c)(1).

be-removed—Bridgetacks{abeve-the-weld)shdll 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 impingement
on the weld area of rain, snow, sleet, or excessive wind,
or if the weld area is frosted or wet.

(f) Welding End Valves. The welding sequence and
procedure and any heat treatment for a welding end
valve shall be such as to preserve the seat tightness of
the valve.
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Fig. 328.5.2A Fillet Weld Size

Surface of perpendicular member
Convex fillet weld  Size of
weld

Concave

Size of fillet weld

weld

Surface of
horizontal member

Theoretical throat

Surface of perpendicular member

Convex fillet weld Concave

Surface of fillet weld

horizontal member

Theoretical throat

Equal Leg Fillet Weld

GENERAL NOTE: The size of an equal leg fillet weld is the leg
length| of the largest inscribed isosceles right triangle (theoretical
throat| = 0.707 x size).

le—*min.

Xmin.

The lesser of T or 6 mm (/s in.)

(1) [Front and Back Welds

328.5.2 Fillet and Socket'Welds. Fillet welds
(inclyding socket welds) may. vaty 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
dimensions for-other socket welding components are
shown in Figx328.5.2C or MSS SP-119.

(b)
be at

(2) Face and-Back Welds

X.... = the lesser.of1.4T or the thickness of the hub

Unequal Leg Fillet Weld

GENERAL NOTE: The size of unequal leg fillef\weld i the leg
lengths of the largest right triangle which caw be indcribed
within the weld cross section [e.g., 13 mm X 19 mm (% in.

x %, in)l.

Fig. 328.5.2B Typical Details for Double-Welded Slip-On and Socket Welding Flange Attachment Welds

ﬂLLxmin.
Xmin.
1.5 mm| (6 in.)
approk. gap

befor¢ welding

(3) Socket Welding Klange

(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 wglds shall
conform to the requirements herein. Welds shill be cal-
culated in accordance with para. 304.3.3 but shall be not
less than the sizes shown in Fig. 328.5.4D.

(c) The nomenclature and symbols used herein and
in Fig. 328.5.4D are

If slip<on flanges are single welded, the weld shall Ty = nominal thickness of branch
therub. D, = nominal thickness of header
328.5.3 Seal Welds. Seal welding shall be done by T i oM TaT thickTess of o pactor saddle
a qualified welder. Seal welds shall cover all exposed fe = lesser of 0.7T, or 6 mm (7 in.)
tmin = lesser of T, or T,

threads.

328.5.4 Welded Branch Connections

(a) Figures 328.5.4A through 328.5.4E show accept-
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.
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(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).
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Fig. 328.5.2C Minimum Welding Dimensions for Socket Welding Components Other Than Flanges

t = pressure design thickness
(see para. 304.1)

E 1.5 mm (16 in.)

=  3DProx. gap

Cyx (min.) =14t but not
less than 3 mm (Vg in.)

before welding

Figs. 328.5.4A, B, C Typical Welded Branch Connections

(a) Without Added

(b) With Added
Reinforcement

(c) Angular Branch Without
Reinforcement

Added Reinforcement

Fig. 328.5.4D .Acceptable Details for Branch Attachment Welds

W /777, ?
M SSNNNNNA\N

05T,
(1) (2) (3)
T, | i
Tr f l’c T T ;
I.;I//(, é AL
SN 7 ¥ )\‘c’s&\\\\ XK

(4) (5)

GENERAL NOTE: These sketches show minimum acceptable welds. Welds may be larger than those shown here.
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Fig. 328.5.4E Acceptable Details for Branch Attachment Suitable for 100% Radiography

(1) Contour Outlet Fitting

(b)

GENERAL NOTE:
B16.5

(e)] A reinforcing pad or saddle shall be attached to

the branch pipe by either
1) a fully penetrated groove weld finished with a
covef fillet weld having a throat dimerision not less than
t., or
2) a fillet weld having a thtoat dimension not less
0.7t min.. See Fig. 328.5.4D sketch (5)
The outer edge of a réinforcing pad or saddle shall
be aftached to the runypipe by a fillet weld having a
throgt dimension not fess than 0.5T,. See Fig. 328.5.4D
sketches (3), (4), and\(5).

(g)| Reinforcing.pads and saddles shall have a good
fit wjth the pdrts to which they are attached. A vent
hole shall. be\provided at the side (not at the crotch) of
any pad.orsaddle to reveal leakage in the weld between
branth ‘and run and to allow venting during welding

than

)

Fig. 328.5.5 Typical Fabricated Laps

(2) Extruded Header Outlet

Laps shall be machined (front and back) or trued after welding. Plate flanges per para. 304.5 or lap joint flangqs per ASME .
may be used. Welds may be machined to radius, as in skefeh”(e), if necessary to match ASME B16.5 lap joint flanges. '

328.5.6 Welding for Severe Cyclic Conditions. A
welding procedure shall be employed which| provides
a smooth, regular, fully penetrated inner surfface. :

328.6 Weld Repair

A weld defect to be repaired shall be removed to
sound metal. Repair welds shall be made usir|g a weld-
ing procedure qualified in accordance with para. 328.2.1,
recognizing that the cavity to be repaired may differ in
contour and dimensions from the original joifit. Repair
welds shall be made by welders or welding [operators
qualified in accordance with para. 328.2.1. Hreheating
and heat treatment shall be as required for the original
welding. See also para. 341.3.3.

and heat treatment. A pad or saddle may be made in
more than one piece if joints between pieces have
strength equivalent to pad or saddle parent metal, and
if each piece has a vent hole.

(h) Examination and any necessary repairs of the
completed weld between branch and run shall be made
before adding a pad or saddle.

328.5.5 Fabricated Laps. Figure 328.5.5 shows typi-
cal fabricated laps. Fabrication shall be in accordance
with the applicable requirements of para. 328.5.4.
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330 PREHEATING
330.1 General

Preheating is used, along with heat treatment, to mini-
mize the detrimental effects of high temperature and
severe thermal gradients inherent in welding. The neces-
sity for preheating and the temperature to be used shall
be specified in the engineering design and demonstrated
by procedure qualification. The requirements and rec-
ommendations herein apply to all types of welding
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including tack welds, repair welds, and seal welds of
threaded joints.

330.1.1 Requirements and Recommendations.
Required and recommended minimum preheat temper-
atures for materials of various P-Numbers are given in
Table 330.1.1. If the ambient temperature is below 0°C
(32°F), the recommendations in Table 330.1.1 become
requirements. The thickness intended in Table 330.1.1 is
that of the thicker component measured at the joint.

(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.

(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.

330.1{2 Unlisted Materials. Preheat requirements
for an unlisted material shall be specified in the WPS.

330.1J3 Temperature Verification

(a) Preheat temperature shall be checked by use of
temperatire indicating crayons, thermocouple pyrome-
ters, or other suitable means to ensure that the tempera-
ture spegified in the WPS is obtained prior to and
maintain¢d during welding.

(b) Thermocouples may be temporarily attached
directly tp pressure containing parts using the capacitor
dischargg method of welding without welding proce-
dure and|performance qualifications. After thermocou-
ples’jare gemoved, the areas shall be visually examined
for evidepce of defects to be repaired.

3130.1.4 Preheat Zone. The preheat zone shall
extend afl least 25 mm (1 in.) beyond each edge of the
weld.

330.2 Specific Requirements

330.23 Dissimilar Materials. When materials-hav-
ing different preheat requirements are welded together,
it is reconmended that the higher temperature’shown

in Table 330.1.1 be used.
330.2|4 Interrupted Welding. If-welding is inter-
rupted, the rate of cooling shall pe controlled or other

means sHall be used to prevent\detrimental effects in
the pipinjg. The preheat specified in the WPS shall be
applied Hefore welding is«restimed.

331 HEAT TREATMENT

Heat treatmentiis used to avert or relieve the detrimen-
tal effecty of High temperature and severe temperature
gradients| inherent in welding, and to relieve residual

331.1.3 Governing Thickness. When components
are joined by welding, the thickness to be used in
applying the heat treatment provisions of(Table 381.1.1
shall be that of the thicker component fiteasured at the
joint, except as follows:

(a) In the case of branch conréctions, metal (other
than weld metal) added as reinforcement, whethler an
integral part of a branch fitting'or attached as a reipforc-
ing pad or saddle, shall notbe considered in deternfining
heat treatment requirements. Heat treatment is req]:ired,
however, when the thickness through the weld i any
plane through thegranch is greater than twice the mini-
mum materialthickness requiring heat treatment,|{even
though the thickness of the components at the jdint is
less thanthe minimum thickness. Thickness through the
weld for, the details shown in Fig. 328.5.4D shgll be
computed using the following formulas:

sketch (1) = T, + ¢
sketch (2) = T, + t.
sketch (3) = greater of T, + t. or T, + t,
sketch (4) = T, + T, + t
sketch (5) = T, + ¢

(b) In the case of fillet welds at slip-on and socket
welding flanges and piping connections DN 50 (NPS 2)
and smaller, for seal welding of threaded joints in pliping
DN 50 and smaller, and for attachment of external non-
pressure parts such as lugs or other pipe suppdqrting
elements in all pipe sizes, heat treatment is required
when the thickness through the weld in any pldne is
more than twice the minimum material thickness r¢quir-
ing heat treatment (even though the thickness ¢f the

stresses created by bending and forming. Provisions in
para. 331 are basic practices which are suitable for most
welding, bending, and forming operations, but not nec-
essarily appropriate for all service conditions.

331.1 General

331.1.1 Heat Treatment Requirements

(a) 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.
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componentsat the juh tistesstharthatnimimror 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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Table 330.1.1 Preheat Temperatures

Base
Specified Min.
Metal Weld Metal i
P-No. or Analysis Nominal Wall Tensile Strength, Min. Temperature
S-N.o. 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 e - 10 50
> 25 >1 All All 79 175
All All > 490 >71 ... ... 7 175
3 2,11 Alloy steels, <13 <Y <490 <71 . e 14 50
r<%% >13 A All All ... ... 79 175
All All > 490 >71 Ce AR 79 175
4 3 Alloy steels, All All All All 149 300
Y% < Cr < 2%
5A, 58, 4,5 Alloy steels, All All All All 177 350
5C 2Y,% < Cr< 10%
6 6 High alloy steels All All All All e ... 149*  300*
martensitic
7 7 High alloy steels All All All All R e 14 50
ferritic
8 8,9 High alloy steels All All All All R - 14 50
austenitic
9A, 9H 10 Nickel alloy steels All All All All - e 93 200
10 Ce Cr—Cu steel All All All All 149-204 300-400
10l . 27Cr steel All All All All 1493 300°
11ASG 1 ... 8Ni, 9Ni steel All All All All - . 1 50
11ASG 2 ... 5Ni steel All All All All 10 50
21-53 .. ... All All All All e . 1 50
NOTES:
(1) P-Number or S-Numbper‘from BPV Code, Section IX, QW/QB-422.
(2) A-Number from Section IX, QW-442.
(3) Mpintain interpass-temperature between 177°C-232°C (350°F-450°F).
(4) Mpximum interpass temperature 316°C (600°F).
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(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-
perature pniformity, and temperature control, and may
include ah enclosed furnace, local flame heating, electric
resistancp, electric induction, or exothermic chemical
reaction. [The cooling method shall provide the required
or desirefl cooling rate and may include cooling in a
furnace, in air, by application of local heat or insulation,
or by other suitable means.

331.1{6 Temperature Verification. Heat treatment
temperatfire shall be checked by thermocouple pyrome-
ters or other suitable methods to ensure that the WPS
requirements are met. See para. 330.1.3(b) for attachment
of thermgcouples by the capacitor discharge method of
welding.

331.1f7 Hardness Tests. Hardness tests of produc-
tion welds and of hot bent and hot formed piping are
intended [to verify satisfactory heat treatment. The hard-
ness limif applies to the weld and to the heat affected
zone (HAZ) tested as close as practicable to the edge of
the weld

(1) Where a hardness limit is specified in Table 331.1%1;
at least 1% of welds, hot bends, and hot formed compo-
nents in pach furnace heat treated batch and~100% of
those locilly 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 mét for each material.

331.2 Specific Requirements

Where warranted by expérience or knowledge of ser-
vice conditions, alternative-methods of heat treatment
or exceptiions to the basic heat treatment provisions of
para. 331]1 may be.adopted as provided in paras. 331.2.1
and 331.2.2.

331.2|1_Alternative Heat Treatment. Normalizing,
or normdlizing and tempering, or annealing may be

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

Tittle failure, and other pertinent tfactors. In addition,
appropriate tests shall be conducted, includitig|WPS
qualification tests.

331.2.3 Dissimilar Materials

(a) Heat treatment of welded joints between digsimi-
lar ferritic metals or between fer¥itic metals using dis-
similar ferritic filler metal shall’be at the higher ¢f the
temperature ranges in Tablé381.1.1 for the materials in
the joint.

(b) Heat treatment ‘of ‘welded joints including|both
ferritic and austeniticeomponents and filler metalq shall
be as required fof the ferritic material or materials ynless
otherwise spécified in the engineering design.

331.2¢4.Delayed Heat Treatment. If a weldment is
allowed’to cool prior to heat treatment, the rate of|cool-
ing ‘shall be controlled or other means shall be uged to
pfevent detrimental effects in the piping.

331.2.5 Partial Heat Treatment. When an entirg pip-
ing assembly to be heat treated cannot be fitted info the
furnace, it is permissible to heat treat in more thah one
heat, provided there is at least 300 mm (1 ft) ovlerlap
between successive heats, and that parts of the assgmbly
outside the furnace are protected from harmful temjpera-
ture gradients.

331.2.6 Local Heat Treatment. When heat treafment
is applied locally, a circumferential band of the run|pipe,
and of the branch where applicable, shall be heated until
the specified temperature range exists over the entire
pipe section(s), gradually diminishing beyond a [band
which includes the weldment or the bent or fofmed
section and at least 25 mm (1 in.) beyond the|ends
thereof.

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

66

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.
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332.2 Bending

332.2.1 Bend Flattening. Flattening of a bend, the
difference between maximum and minimum diameters
at any cross section, shall not exceed 8% of nominal
outside diameter for internal pressure and 3% for exter-
nal pressure. Removal of metal shall not be used to
achieve these requirements.

332.2.2 Bending Temperature

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

(a)rCofd beudiug of ferritic ateriats shatt-bedomeat
a temperature below the transformation range.

(b)] Hot bending shall be done at a temperature above
the transformation range and in any case within a tem-
perafure range consistent with the material and the
intenided service.

332.2.3 Corrugated and Other Bends. Dimensions
and ¢onfiguration shall conform to the design qualified
in acfordance with para. 306.2.2.

332.

The temperature range for forming shall be consistent
with|material, intended service, and specified heat
treatment.

332.

Heat treatment shall be performed in accordance with
para|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 P:Nos.
3,4,3%, 6, and 10A materials in all thicknesses. Durations
and emperatures shall be in accordance with (para. 331.

332.4.2 Cold Bending and Forming. After cold bend-
ing and forming, heat treatment is required (for all thick-
nessgs, and with temperature and/duration as given in
Tablg331.1.1) when any of the following conditions exist:

(a)| for P-Nos. 1 through 6 materials, where the maxi-

B Forming

i Required Heat Treatment

flux or controlled atmosphere, shall wet and hdhere to
the surfaces to be joined.

333.2.2 Flux. A flux that is fluid|and chemically
active at brazing or soldering temperature shall be used
when necessary to eliminate oxjdation of the filler metal
and the surfaces to be joinedsand to promote|free flow
of brazing alloy or solder:

333.3 Preparation

333.3.1 Surface'Preparation. The surfdces to be
brazed or soldered shall be clean and free from grease,
oxides, paint;‘scale, and dirt of any kind. A suitable
chemical©r echanical cleaning method shall be used
if necessary to provide a clean wettable surface.

333.3.2 Joint Clearance. The clearance between sur-
faces to be joined by soldering or brazing shall be no
larger than necessary to allow complete capillary distri-
bution of the filler metal.

333.4 Requirements

333.4.1 Soldering Procedure. Solderers shall follow
the procedure in the Copper Tube Handbopk of the
Copper Development Association.

333.4.2 Heating. To minimize oxidation| the joint
shall be brought to brazing or soldering tempprature in
as short a time as possible without localized upderheat-
ing or overheating.

mumn calculated fiber elongation after bending or form-
ing ekceeds 50% of specified basic minimum elongation 333.4.3 Flux Removal. Residual flux|{shall be
(in the direction of seWerest forming) for the applicable  removed if detrimental.
specification, gradej.and thickness. This requirement
i if\i hat the selec-
?ay be Walved ifjt'can be demon'strated that the selec 335 ASSEMBLY AND ERECTION
ion ¢f pipe afid the choice of bending or forming process
provide assurance that, in the finished condition, the 335.1 Alignment
mo.st severély strained material retains at least 10% elon- (a) Piping Distortions. Any distortion of piping to
gati brimgitintoatignment for jointassembty which intro-

(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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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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Fig. 335.3.3 Typical Threaded Joints Using Straight Threads

Gasket

éél{/ L 22

3

V/ A/ /4

(a)

(c) Flawged Joints. Before bolting up, flange faces shall
be alignefl to the design plane within 1 mm in 200 mm
(1/16 in./f{) measured across any diameter; flange bolt
holes shdll be aligned within 3 mm (% in.) maximum
offset.

335.2 Flanged Joints

335.2]1 Preparation for Assembly. Any damage to
the gaskgt seating surface which would prevent gasket
seating shall be repaired, or the flange shall be replaced.

335.2)2 Bolting Torque

(a) In assembling flanged joints, the gasket shall*be
uniformly compressed to the proper design l¢ading.

(b) Spdcial care shall be used in assembling flanged
joints infwhich the flanges have widely differing
mechanidal properties. Tightening to-a_predetermined
torque is|recommended.

335.2{3 Bolt Length. Bolts)should extend com-
pletely through their nuts. Any which fail to do so are
considergd acceptably engaged if the lack of complete
engagempnt is not more‘than one thread.

335.2.44 Gaskets:;"No more than one gasket shall be
used betwyeen contact faces in assembling a flanged joint.

335.3 Threaded Joints

Threads are ASME B1.1 straight threads.

(b)

Gasket

(c)

335.3.3 Straight Threaded Joints. Typical joints
using straight threads; with sealing at a surface |other
than the threads; are shown in Fig. 335.3.3 sketchg¢s (a),
(b), and (c). Gate’shall be taken to avoid distorting the
seat when ineorporating such joints into piping agsem-
blies by welding, brazing, or bonding.

3354 Tubing Joints

335.4.1 Flared Tubing Joints. The sealing syrface
of the flare shall be examined for imperfections Qefore
assembly and any flare having imperfections shall be
rejected.

335.4.2 Flareless and Compression Tubing Joints.
Where the manufacturer’s instructions call for a §peci-
fied number of turns of the nut, these shall be cofinted
from the point at which the nut becomes finger t{ght.

335.5 Caulked Joints

Caulked joints shall be installed and assemblpd in
accordance with the manufacturer’s instructions, as
modified by the engineering design. Care shall be faken
to ensure adequate engagement of joint members

335.6 Expanded Joints and Special Joints

335.6.1 General. Expanded joints and special joints
(as defined in para. 318) shall be installed and assembled

335.3.1 Thread Compound or Lubricant. Any com-
pound or lubricant used on threads shall be suitable for
the service conditions and shall not react unfavorably
with either the service fluid or the piping material.

335.3.2 Joints for Seal Welding. A threaded joint
to be seal welded shall be made up without thread com-
pound. A joint containing thread compound which leaks
during leak testing may be seal welded in accordance
with para. 328.5.3, provided all compound is removed
from exposed threads.
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in accordance with the manufacturer’s instructions, as
modified by the engineering design. Care shall be taken
to ensure adequate engagement of joint members.

335.6.2 Packed Joints. Where a packed joint is used
to absorb thermal expansion, proper clearance shall be
provided at the bottom of the socket to permit this
movement.

335.9 Cleaning of Piping
See Appendix F, para. F335.9.
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Chapter Vi
Inspection, Examination, and Testing

340 INSPECTION

(¢) In delegating performance of inspection, the own-

340.1 General

This Code distinguishes between examination (see
para|341) and inspection. Inspection applies to functions
perfdrmed for the owner by the owner’s Inspector or
the Inspector’s delegates. References in this Code to the
“Inspector” are to the owner’s Inspector or the Inspec-
tor’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 coneérned
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,

B Rights of the Owner’s Inspector

er’s Inspector is responsible for determining that a per-
son to whom an inspection function i$ delegated is
qualified to perform that function.

341 EXAMINATION
341.1 General

Examination applies toquality control functions per-
formed by the manufacturer (for componefts only),
fabricator, or erector-Reference in this Code tolan exam-
iner is to a personfwho performs quality contfol exami-
nations.

341.2 Responsibility for Examination

Inspection does not relieve the manufacturey, 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-

to inppect the piping using any examination method  ship, shall be examined in accordance with the
spec' ied by the engineering design, and to review all applicable requirements of para. 341. The type and
certiffications and records negessary to satisfy the own-  extent of any additional examination requir¢d by the
er’s fesponsibility stated i para. 340.2. engineering design, and the acceptance crit¢ria to be

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

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 examination

notr
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
years 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 year of experience,
up to 5 years total.

1 1 £4] 1t £
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of and anv necessary rppnirc ta the pressure g ntaining
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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Table 341.3.2 Acceptance Criteria for Welds and Examination Methods for Evaluating Weld
Imperfections (Cont’d)

NOTES:

(1) Criteria given are for required examination. More stringent criteria may be specified in the engineering design. See also paras. 341.5
and 341.5.3.

(2) Branch connection weld includes pressure containing welds in branches and fabricated laps.

)

Longitudinal groove weld includes straight and spiral seam. Criteria are not intended to apply to welds made in accordance with a

standard listed in Table A-1 or Table 326.1. Alternative Leak Test requires examination of these welds; see para. 345.9.

Q)
)

Fillet weld includes socket and seal welds, and attachment welds for slip-on flanges, branch reinforcement, and supports.
These imperfections are evaluated only for welds < 5 mm (% in.) in nominal thickness.

(6) Where

weld.
Tightly
For gro

@
®

butted unfused root faces are unacceptable.

wo limiting values are separated by “and,” the lesser of the values determines acceptance. Where two sets of values are
separafled by “or,” the larger value is acceptable. T,, is the nominal wall thickness of the thinner of two components joinedby‘a

putt

ve welds, height is the lesser of the measurements made from the surfaces of the adjacent components; both_reinforcenjent

and intprnal protrusion are permitted in a weld. For fillet welds, height is measured from the theoretical throat, Fig\328.5.2A; internal

protrus|on does not apply.
©

mm (Y46 in.) for thickness < 2 mm (%, in.)
mm (%4, in.) for thickness > 2 mm and < 6 mm (%, in.)

@ 1.5
(b) 2.5
For extd

(b) Acgeptance criteria for castings are specified in
para. 302/3.3.

341.3{3 Defective Components and Workmanship.
An exami]ned item with one or more defects (imperfec-
tions of g 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 sathe extent, and by the same acceptance criteria
as requir¢d for the original work.

341.3{4 Progressive Sampling for Examination.
When required spot or random examination reveals a
defect, then

(a) twp additional samples of the same kind (if

For welfs in aluminum alloy only, internal protrusion shall not exceed the following values:

rnal reinforcement and for greater thicknesses, see the tabulation for symbol L.

(2) fully examined and repaired or replaced a$ nec-
essary, and reexamined as necessary to meet the require-
ments ofcthis Code

341.4- Extent of Required Examination

341.4.1 Examination Normally Required. Piping in
Normal Fluid Service shall be examined to the ¢xtent
specified herein or to any greater extent specified jn the
engineering design. Acceptance criteria are as stafed in
para. 341.3.2 and in Table 341.3.2, for Normal Fluidl Ser-
vice unless otherwise specified.

(a) Visual Examination. At least the following shhll be
examined in accordance with para. 344.2:
(1) sufficient materials and components, selected at

welded dr bonded joints, by the same) welder, bonder, random, to satisfy the examiner that they conform to
or operatpr) shall be given the sanie type of examination  specifications and are free from defects.
(b) if the items examined as_required by (a) above (2) atleast 5% of fabrication. For welds, each eld-

are accepjtable, the defectiveNitem 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

er’s and welding operator’s work shall be represgnted.

(3) 100% of fabrication for longitudinal welds,
except those in components made in accordance with a
listed specification. See para 341.5.1(a) for examirfation
of longitudinal welds required to have a joint factpr, E;,
of 0.90.

(4) random examination of the assembly of

by that sampling

(d) if all the items examined as required by (c) above
are acceptable, the defective item(s) shall be repaired or
replaced and reexamined as specified in para. 341.3.3,
and all items represented by the additional sampling
shall be accepted, but

(e) if any of the items examined as required by (c)
above reveals a defect, all items represented by the pro-
gressive sampling shall be either

(1) repaired or replaced and reexamined as

required, or

72

threaded; botted, ardothrerjoints tosatisfy theexaminer
that they conform to the applicable requirements of para.
335. When pneumatic testing is to be performed, all
threaded, bolted, and other mechanical joints shall be
examined.

(56) random examination during erection of piping,
including checking of alignment, supports, and cold
spring.

(6) examination of erected piping for evidence of
defects that would require repair or replacement, and
for other evident deviations from the intent of the design.
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Fig. 341.3.2 Typical Weld Imperfections

AN N S . W W I N N WA ¥

Lack of fusion between weld bead and base metal

(b) Lack of Fusion Between
(a) Side Wall Lack of Fusion Adjacent Passes

k\w/v N\ 1\\\\/%\\\\

Incomplete filling at root on one side only

/ |

Incomplete filling at root

(c) Incomplete Penetration due to Internal (d) Incor;\plete Penetration
Misalignment of Weld Groove

External undercut

/

Root bead fused to both inside surfaces but Internal undercut
center of rootslightly below inside
surface of pipe (not incomplete penetration)

(e) Concave Root Surface (Suck-Up) (f) Undercut

(g) Excess External Reinforcement
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(b) Other Examination

(1) Not less than 5% of circumferential butt and
miter groove welds shall be examined fully by random
radiography in accordance with para. 344.5 or by ran-
dom ultrasonic examination in accordance with para.
344.6. The welds to be examined shall be selected to
ensure that the work product of each welder or welding
operator doing the production welding is included. They
shall also be selected to maximize coverage of intersec-

of the piping under all conditions of startup, operation,
and shutdown will be accommodated without undue
binding or unanticipated constraint.

(b) Other Examination. All circumferential butt and
miter groove welds and all fabricated branch connection
welds comparable to those shown in Fig. 328.5.4E shall
be examined by 100% radiography in accordance with
para. 344.5, or (if specified in the engineering design)
by 100% ultrasonic examination in accordance with para.

tions witjrtongitudinat joimts. Wielt a ciTcumterentiat
weld with an intersecting longitudinal weld(s) is exam-
ined, at l¢ast the adjacent 38 mm (1% in.) of each inter-
secting wield shall be examined. In-process examination
in accordance with para. 344.7 may be substituted for
all or parf of the radiographic or ultrasonic examination
on a weld-for-weld basis if specified in the engineering
design o1 specifically authorized by the Inspector.

(2) Not less than 5% of all brazed 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 brazer making the produc-
tion jointp is included.

(c) Cerlifications and Records. The examiner shall be
assured, py examination of certifications, records, and
other evidlence, that the materials and components are of
the speciffed grades and that they have received required
heat treafment, examination, and testing. The examiner
shall proyide the Inspector with a certification that all
the qualify 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
as designpted in the engineering design shall be visually
examined in accordance with para. 3442 .to the extent
necessarfy to satisfy the examiner that' components,
materials) and workmanship conform to the require-
ments of this Code and the engineering design. Accept-
ance criferia are as stated-inpara. 341.3.2 and in
Table 341}3.2, for Category D\fltiid service, unless other-
wise spegified.

341.4)3 Examination — Severe Cyclic Conditions.
Piping tq be usedunder severe cyclic conditions shall
be exam;{xed to-the extent specified herein or to any

greater gxteit'specified in the engineering design.
Acceptap_ e criteria are as stated in para 34132 and in

34476 Socket welds and brancirconmection welds Which
are not radiographed shall be examined by miagnetic
particle or liquid penetrant methods in accotdancg with
para. 344.3 or 344.4.

(c) In-process examination in accordance with [para.
344.7, supplemented by appropriate nondestructive
examination, may be substituted{for the examirjation
required in (b) above on a weld-for-weld basis if $peci-
fied in the engineering design-or specifically authqrized
by the Inspector.

(d) Certification and Records. The requirements of
para. 341.4.1(c) apply:

341.5 Supplementary Examination

Any of the'methods of examination described in|para.
344 may be’specified by the engineering design td sup-
plement’the examination required by para. 341.4 The
extent of supplementary examination to be performed
and any acceptance criteria that differ from thgse in
para. 341.3.2 shall be specified in the engineering d¢sign.

341.5.1 Spot Radiography

(a) Longitudinal Welds. Spot radiography for longitu-
dinal groove welds required to have a weld joint factor
E; of 0.90 requires examination by radiography in gccor-
dance with para. 344.5 of at least 300 mm (1 ft) inl each
30m (100 ft) of weld for each welder or welding opefrator.
Acceptance criteria are those stated in Table 341.32 for
radiography under Normal Fluid Service.

(b) Circumferential Butt Welds and Other Welds| It is
recommended that the extent of examination be nqt less
than one shot on one in each 20 welds for each welder
or welding operator. Unless otherwise specified, a¢cept-
ance criteria are as stated in Table 341.3.2 for radiogra-

phy under Normal Fluid Service for the type off joint
examined.
(c) Progressive Sampling for Examination. The grovi-

Table 341.3.2, for severe cyclic conditions, unless other-
wise specified.
(a) Visual Examination. The requirements of para.

341.4.1(a) apply with the following exceptions:

(1) All fabrication shall be examined.

(2) All threaded, bolted, and other joints shall be
examined.

(3) All piping erection shall be examined to verify
dimensions and alignment. Supports, guides, and points
of cold spring shall be checked to ensure that movement
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stors of para. 34133 are appticable:

(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 HardnessTests. The extent of hardness test-
ing required shall be in accordance with para. 331.1.7
except as otherwise specified in the engineering design.

341.5.3 Examinations to Resolve Uncertainty. Any
method may be used to resolve doubtful indications.
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Acceptance criteria shall be those for the required
examination.

342 EXAMINATION PERSONNEL
342.1 Personnel Qualification and Certification

Examiners shall have training and experience com-
mensurate with the needs of the specified examinations.’
The employer shall certify records of the examiners

random examination:® complete examination of a per-
centage of a specified kind of item in a designated lot
of piping?

spot examination:® a specified partial examination of
each of a specified kind of item in a designated lot of
piping,? e.g., of part of the length of all shop-fabricated
welds in a lot of jacketed piping

random spot examination:® a specified partial examina-
tion of a percentage of a QpP(‘iﬁP(‘] kind of item in a

emplpyed, sShowing dates and resuits of personnel quali-
ficatipns, and shall maintain them and make them avail-

designateci lot of piping?

able fo the Inspector. 344.2 Visual Examination
342.2 Specific Requirement 344.2.1 Definition. Visual examinhation i§ observa-
For in-process examination, the examinations shall be tion of the portion of components, joints, and pther pip-

perfqrmed by personnel other than those performing
the production work.

343 | EXAMINATION PROCEDURES

Arnly examination shall be performed in accordance
with|a written procedure that conforms to one of the
methods specified in para. 344, including special meth-
ods (see para. 344.1.2). Procedures shall be written as
required in the BPV Code, Section V, Article 1, T-150.
The ¢mployer shall certify records of the examination
procgdures employed, showing dates and results of pro-
cedufe qualifications, and shall maintain them and make

ing elements that are or can be exposed to vigw before,
during, or after manufactute, fabrication, assembly, erec-
tion, examination, or testing. This examination includes
verification of Code_and engineering desigI require-
ments for materials, components, dimensipns, joint
preparation, alighment, welding, bonding, bragzing, bolt-
ing, threading, or other joining method, gupports,
assembly/and erection.

344.2.2 Method. Visual examination shqll be per-
formed in accordance with the BPV Code, $ection V,
Article 9. Records of individual visual examinftions are
not required, except for those of in-process exgmination
as specified in para. 344.7.

them| available to the Inspector.

344.3 Magnetic Particle Examination
344 ( TYPES OF EXAMINATION Examination of castings is covered in parg. 302.3.3.
344.1 General Magnetic particle examination of welds and ¢f compo-

344.1.1 Methods. Except as provided in para.
344.12, any examination required by<this Code, by the
engineering design, or by the Inspeéctor shall be per-
formed in accordance with one of the methods specified
hereip.

344.1.2 Special Metheds. If a method not specified
herein is to be usedsitiand its acceptance criteria shall
be specified in the engineering design in enough detail
to pefrmit qualification of the necessary procedures and
exanjiners.

344.1.3, Definitions. The following terms apply to
any {yp€ of examination:

nents other than castings shall be performed|in accor-

dance with BPV Code, Section V, Article 7.

344.4 Liquid Penetrant Examination

Examination of castings is covered in para. 302.3.3.
Liquid penetrant examination of welds and ¢f 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-
ered in para. 302.3.3. Radiography of welds and of com-
ponents other than castings shall be performed in

PETA NN DA BAVA pCdC, 4 AVA 1

aocardan o 1y Saction A et
gecofraahce—wWithboDr—v oeEeHOR—— e

100% examination: complete examination of all of a speci-
fied kind of item in a designated lot of piping?

! For this purpose, SNT-TC-1A, Recommended Practice for Non-
destructive Testing Personnel Qualification and Certification, may
be used as a guide.

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.

75

344.5.2 Extent of Radiography
(a) 100% Radiography. This applies only to girth and
miter groove welds and to fabricated branch connection

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 spec-
ified.
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welds comparable to Fig. 328.5.4E, unless otherwise
specified in the engineering design.

(b) Random Radiography. This applies only to girth
and miter groove welds.

(c) Spot Radiography. This requires a single exposure
radiograph in accordance with para. 344.5.1 at a point
within a specified extent of welding. For girth, miter,
and branch groove welds the minimum requirement is

(1) for sizes < DN 65 (NPS 21/2), a single elliptical

344.7 In-Process Examination

344.7.1 Definition. In-process examination com-
prises examination of the following, as applicable:

(a) joint preparation and cleanliness

(b) preheating

(c) fit-up,joint clearance, and internal alignment prior
to joining

(d) variables specified by the joining procedure,

ladina fillax matanial
Hrefhate

exposure[e€ncompassing the entire weld circumierence
(2) for sizes > DN 65, the lesser of 25% of the inside
circumfefence or 152 mm (6 in.)
For lorfgitudinal welds the minimum requirement is
152 mm (6 in.) of weld length.

344.6 Ultrasonic Examination

344.6.1 Method. Examination of castings is covered
in para. $02.3.3; other product forms are not covered.
Ultrasonik examination of welds shall be performed in
accordange with BPV Code, Section V, Article 4, except
that the plternative specified in (a) and (b) below is
permitted for basic calibration blocks specified in
T-434.2.1|and T-434.3.

(a) When the basic calibration blocks have not
received |heat treatment in accordance with T-434.1.5,
transfer methods shall be used to correlate the responses
from the|basic calibration block and the component.
Transfer|is accomplished by noting the difference
between [responses received from the same reference
reflector in the basic calibration block and in the compo<
nent and|correcting for the difference.

(b) The reference reflector may be a V-notch-(which
must subsequently be removed), an angle beam)search
unit actin)g as a reflector, or any other reflector which
will aid ih accomplishing the transfer.

(c) Whien the transfer method is chosen as an alterna-
tive, it sHall be used, at the minimunt

(1) flor sizes < DN 50 (NPS+2), once in each 10
welded j¢ints examined

(2) for sizes > DN 50<and < DN 450 (NPS 18), once
in each 1|5 m (5 ft) of welding examined

(3) fpr sizes > DIN-450, once for each welded joint
examined

(d) Eadh type.ofmaterial and each size and wall thick-
ness shallbe considered separately in applying the trans-
fer meth¢dXIn addition, the transfer method shall be

includingf rial
(1) (for welding) position and electrode
(2) (for brazing) position, flux, brazing\témjpera-
ture, proper wetting, and capillary action
(e) (for welding) condition of the root pass after ¢lean-
ing — external and, where accessible, internal — hided
by liquid penetrant or magnetic\particle examirfation
when specified in the enginegering design
(f) (for welding) slag removal and weld condition
between passes
(g) appearance of the finished joint

344.7.2 Method. The examination is visupl, in
accordance with'para. 344.2, unless additional methods
are specified.in the engineering design.

345 CTESTING
345.1 Required Leak Test

Prior to initial operation, and after completion ¢f the
applicable examinations required by para. 341, each pip-
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 sgrvice
leak test in accordance with para. 345.7, in lieu ¢f the
hydrostatic leak test.

(b) Where the owner considers a hydrostatic leak test
impracticable, either a pneumatic test in accordancg with
para. 345.5 or a combined hydrostatic-pneumatic test in
accordance with para. 345.6 may be substituted, recog-
nizing the hazard of energy stored in compressed gas.

(c) Where the owner considers both hydrostatit and
pneumatic leak testing impracticable, the alterrfative
specified in para. 345.9 may be used if both of the fqllow-

1

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.

344.6.2 Acceptance Criteria. A linear-type disconti-
nuity is unacceptable if the amplitude of the indication
exceeds the reference level and its length exceeds

(@) 6 mm (% in.) for T, < 19 mm (% in.)

(b) Tp/3 for 19 mm < T,, < 57 mm (2% in.)

(¢) 19 mm for T,, > 57 mm

ing—conditions—apphx

(1) a hydrostatic test would damage linings or
internal insulation, or contaminate a process which
would be hazardous, corrosive, or inoperative in the
presence of moisture, or 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 possible release of energy stored in the system,
or would present the danger of brittle fracture due to
low metal temperature during the test
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345.2 General Requirements for Leak Tests

Requirements in para. 345.2 apply to more than one
type of leak test.

345.2.1 Limitations on Pressure

(a) Stress Exceeding Yield Strength. If the test pressure
would produce a nominal pressure stress or longitudinal
stress in excess of yield strength at test temperature, the
test pressure may be reduced to the maximum pressure
that will not exceed the yield strength at test tempera-

345.2.6 Repairs or Additions After Leak Testing. If
repairs or additions are made following the leak test, the
affected piping shall be retested, except that for minor
repairs or additions the owner may waive retest require-
ments when precautionary measures are taken to assure
sound construction.

345.2.7 TestRecords. Records shall be made of each
piping system during the testing, including
(a) date of test

ture. [[See paras. 302.3.2(e) and (f).]

(b)| Test Fluid Expansion. If a pressure test is to be
maintained for a period of time and the test fluid in the
systejm is subject to thermal expansion, precautions shall
be taken to avoid excessive pressure.

(c)| Preliminary Pneumatic Test. A preliminary test
using air at no more than 170 kPa (25 psi) gage pressure
may [be made prior to hydrostatic testing to locate
majof leaks.

345.2.2 Other Test Requirements

(a)| Examination for Leaks. A leak test shall be main-
tainefd for at least 10 min, and all joints and connections
shall|be examined for leaks.

(b)| Heat Treatment. Leak tests shall be conducted after
any heat treatment has been completed.

(c)| Low Test Temperature. The possibility of brittle frac-
ture shall be considered when conducting leak tests at
metall temperatures near the ductile-brittle transition
temperature.

345.2.3 Special Provisions for Testing

(a)| Piping Subassemblies. Piping subassemblies may
be tepted either separately or as assembled.piping.

(b)| Flanged Joints. A flanged joint at which'a blank is
inserfed to isolate other equipment during a test need
not He tested.

(c)| Closure Welds. The final weld“connecting piping
systems or components which hidve been successfully
testedl in accordance with/para. 345 need not be leak
tested provided the weld,is examined in-process in

not less than 105 kPa (15 psi).

345.2.5 Jacketed Piping

(a) The internal line shall be leak tested on the basis
of the internal or external design pressure, whichever
is critical. This test must be performed before the jacket
is completed if it is necessary to provide visual access
to joints of the internal line as required by para. 345.3.1.

(b) The jacket shall be leak tested in accordance with
para. 345.1 on the basis of the jacket design pressure
unless otherwise specified in the engineering design.
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(b) identification of piping system tested

(c) test fluid

(d) test pressure

(e) certification of results by examiner

These records need not be retainéd after cgmpletion
of the test if a certification dy;-the Inspector that the
piping has satisfactorily/passed pressure flesting as
required by this Code is. retained.

345.3 Preparation forLeak Test

345.3.1 Joints Exposed. Alljoints, welds (including
structural attachment welds to pressure-contaiping com-
ponents); and bonds shall be left uninsulated and
exposedifor examination during leak testing, ekcept that
joints previously tested in accordance with this Code
may,be insulated or covered. All joints may Qe primed
and painted prior to leak testing unless a sengitive leak
test (para. 345.8) is required.

345.3.2 Temporary Supports. Piping degigned for
vapor or gas shall be provided with additionpl tempo-
rary supports, if necessary, to support the weight of test
liquid.

345.3.3 Piping With Expansion Joints

(1) An expansion joint that depends on extenal main
anchors to restrain pressure end load shall be tested in
place in the piping system.

(b) A self-restrained expansion joint previoysly shop-
tested by the manufacturer [see AppendiX X, para.
X302.2.3(a)] may be excluded from the syst¢m under
test, except that such expansion joints shall bg installed
in the system when a sensitive leak test in a¢cordance
with para. 345.8 is required.

(c) A piping system containing expansion jpints shall
be leak tested without temporary joint or anchor
restraint at the lesser of

ows-type
expansion joint, or

(2) the system test pressure determined in accor-
dance with para. 345

In no case shall a bellows-type expansion joint be
subjected to a test pressure greater than the manufactur-
er’s test pressure.

(d) When a system leak test at a pressure greater than
the minimum test pressure specified in (c), or greater
than 150% of the design pressure within the limitations
of para. 345.2.1(a) is required, bellows-type expansion
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joints shall be removed from the piping system or tempo-
rary restraints shall be added to limit main anchor loads
if necessary.

345.3.4 Limits of Tested Piping. Equipment which
is not to be tested shall be either disconnected from the
piping or isolated by blinds or other means during the
test. A valve may be used provided the valve (including
its closure mechanism) is suitable for the test pressure.

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).

345.5 Pneumatic Leak Test

345.5.1 Precautions. Pneumatic testing involves

345.4 Hydrostatic Leak Test

345.4/1 Test Fluid. The fluid shall be water unless
there is the possibility of damage due to freezing or to
adverse ¢ffects of water on the piping or the process
(see paral F345.4.1). In that case another suitable non-
toxic liquiid 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.

345.42 Test Pressure. Except as provided in para.
345.4.3, the hydrostatic test pressure at any point in a
metallic piping system shall be as follows:

(a) not|less than 1% times the design pressure;

(b) forHesign temperature above the test temperature,
the minifnum test pressure shall be calculated by eq.
(24), except that the value of St/S shall not exceed 6.5:

1.5 PSy
Pr = —— (24)
S
where

P = linternal design gage pressure
Pr = |minimum test gage pressure
- S = |stress value at design temperattre" (see
Table A-1)

St = |stress value at test temperature

(c) if the test pressure as defined(above would pro-
duce a ngminal pressure stress ox longitudinal stress in
excess off the yield strength at test temperature or a
pressure more than 1.5 timgs_the component rating at
test templerature, the test pressure may be reduced to
the maxifnum pressuresthat will not exceed the lesser
of the yield strength or-1.5 times the component ratings
at test tefnperatute, [See paras. 302.3.2(e) and (f).] For
metallic hellows-expansion joints, see Appendix X, para.
X302.2.3()s

the hazard of released energy stored in compressed gas.
Particular care must therefore be taken to minifnize the
chance of brittle failure during a pneumatie leal test.
Test temperature is important in this regarnd and [must
be considered when the designer chooses the mafterial
of construction. See para. 345.2.2(¢) and Appendlix F,

para. F323.4.

345.5.2 Pressure Relief Device. A pressure [relief
device shall be provided,-having a set pressure not
higher than the test pressure plus the lesser of 34p kPa
(50 psi) or 10% of the-test pressure.

345.5.3 TestFluid. The gas used as test fluid, fif not

air, shall be nonflammable and nontoxic.

345.5.4 Test Pressure.
110% af design pressure.

The test pressure shall be

345.5.5 Procedure. The pressure shall be graqually
increased until a gage pressure which is the lesger of
one-half the test pressure or 170 kPa (25 psi) is attgined,
at which time a preliminary check shall be made, includ-
ing examination of joints in accordance with para.
341.4.1(a). Thereafter, the pressure shall be gradually
increased in steps until the test pressure is reached, hold-
ing the pressure at each step long enough to eqialize
piping strains. The pressure shall then be reduced fo the
design pressure before examining for leakage in gccor-
dance with para. 345.2.2(a).

345.6 Hydrostatic-Pneumatic Leak Test

If a combination hydrostatic-pneumatic leak tpst is
used, the requirements of para. 345.5 shall be mef, and
the pressure in the liquid filled part of the piping|shall
not exceed the limits stated in para. 345.4.2.

345.7 Initial Service Leak Test

345.4.
System *

(a) Where the test pressure of piping attached to a
vessel is the same as or less than the test pressure for
the vessel, the piping may be tested with the vessel at
the piping test pressure.

(b) Where the test pressure of the piping exceeds the
vessel test pressure, and it is not considered practicable

Hydrostatic Test of Piping With Vessels as a

* The provisions of para. 345.4.3 do not affect the pressure test
requirements of any applicable vessel code.
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This test is applicable only to piping in Category D
Fluid Service, at the owner’s option. See para. 345.1(a).

345.7.1 Test Fluid. The test fluid is the service fluid.

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.

Licensee=Aker Maritime/5944276101
Not for Resale, 08/23/2007 05:10:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2006.pdf

ASME B31.3-2006

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.

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
equa
than

(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
gage|pressure the lesser of one-half the test pressure or
170 KPa (25 psi) is attained, at which time a preliminary
check shall be made. Then the pressure shall be gradu-
ally ihcreased in steps until the test pressure is reached,
the pressure being held long enough at each step to
equalize piping strains.

345.9 Alternative Leak Test

The following procedures and leak test method may
be ufed only under the conditions stated in para.
345.1f(c).

345.9.1 Examination of Welds. Welds, including
thosq used in the manufacture of welded pipe and fit-
tings| which have not been subjected to hydrostatic oz
pneumatic leak tests in accordance with this Code, shall
be eamined as follows:

(a) Circumferential, longitudinal, and spiral groove
welds shall be 100% radiographed in accordance with
para. 344.5 or 100% ultrasonically examined in accor-
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).

.9.2 Flexibility Analysis. A flexibility analysis
of the piping system shall have been made irta¢cordance
with the requirements of para. 319.4.2 (b),.if applicable,
or (c) and (d).

345.9.3 Test Method. The system’shall be[subjected
to a sensitive leak test in accordance with para. 345.8.

346 RECORDS

346.2 Responsibility

It is the responsibility of 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 legst 5 years
after the record is generated for the project:

(a) examination procedures

(b) examination personnel qualifications

79
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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 limed with nonmetals.

(b) Th¢ organization, content, and paragraph desig-
nations of this Chapter correspond to those of the first
six Chapters (the base Code). The prefix A is used.

(c) Prdvisions and requirements of the base Code
apply only as stated in this Chapter.

(d) Metallic piping which provides the pressure con-
tainment|for a nonmetallic lining shall conform to the
requirements of Chapters I through VI, and to those in
Chapter VII not limited to nonmetals.

(e) Thip Chapter makes no provision for piping to be
used under severe cyclic conditions.

(f) Wifh the exceptions stated above, Chapter I
applies i1 its entirety.

PART 1
CONDITIONS AND CRITERIA

ESIGN CONDITIONS

ph 301 applies in its entirety, with the excep-
iras. 301.2 and 301.3. See below.

A301 [

Paragr
tion of p

A301.2 Design Pressure

Paragr
reference
to paras.

hph 301.2 applies in its entirety, except that
5 to paras. A302.2.4 and A304 replace references
302.2.4 and 304, respectively.

A301.3 Design Temperaturé

Paragr
tions.

ph 301.3 appliesswith the following excep-

A301.3.1 Design Minimum Temperature. Paragraph
301.3.1 ajpplies;\but see para. A323.2.2, rather than
para. 323|2.2.

The designer shall be satisfied as to the adequacy
nonmetallic material and its manufacture, considering
at least the following:

(a) tensile, compressive, flexural, and shear strgngth,
and modulus of elasticity, at desigmtemperature [(long
term and short term)

(b) creep rate at design conditions

(c) design stress and its-basis

(d) ductility and plasticity

(e) impact and therthal shock properties

(f) temperature/limits

(g) transition(témperature: melting and vaporization

(h) porosity<and permeability

(i) testing methods

(j) methods of making joints and their efficiendy

(k) possibility of deterioration in service

A302.2 Pressure-Temperature Design Criteria

A302.2.1 Listed Components Having Establishegl Rat-
ings. Paragraph 302.2.1 applies, except that reference
to Table A326.1 replaces reference to Table 326.1.

A302.2.2 Listed Components Not Having Specifif Rat-
ings. Nonmetallic piping components for which design
stresses have been developed in accordance with [para.
A302.3, but which do not have specific presfure-
temperature ratings, shall be rated by rules for pressure
design in para. A304, within the range of temperdtures
for which stresses are shown in Appendix B, modlified
as applicable by other rules of this Code.

Piping components which do not have alloyable
stresses or pressure-temperature ratings shall be quali-
fied for pressure design as required by para. A30§.7.2.

A302.2.3 Unlisted Components. Paragraph 302.2.3
applies, except that references to Table A326.1 and paras.

A301.3:2Yninsutated-Compoments.—Thecomporent
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-

gatinig the two services shall be rated for the more severe vance WILD PROTEURIES Hestibet T Ase. D 2992,
. servike condition. within the following limits:
3 (1) When using the cyclic HDBS) the¢ service
(06)° A302.3 Allowable Stresses and Other Design Limits (design) factor F shall not exceed 1.0.
E j (2) When using the stati¢ HDBS, the service
A"?rz'gl'l Baneral s hvd e desi (design) factor F shall not exceed 0.5.

(a)) Table B-1 contains hy rostatic design stresses (d) Other Materials. Allowable pressures in fables B-4

(HD$). Tables B-2 and B-3 are listings of specifications . :
; o and B-5 have been detexriined conservatiyely from
which meet the criteria of paras. A302.3.2(b) and (c), hvsical i £ material P ine tolthe listed
ively. Tables B-4 and B-5 contain allowable pres- L. oo ProPErHEs OFEATETa s con orming to e 1sie

respactively. able p specifications, and havé been confirmed by [extensive
sured. These HDS values, allowable stress criteria, and . U 2oth ials shall b lified

resqures shall be used in accordance with the Notes to b on o oo ¢ other materials shall be qualified as
P : i . - required by para."A304.7.2.
Appé¢ndix B, and may be used in design calculations
(whefre the allowable stress S means the appropriate A302.3:3\ Limits of Calculated Stresses Due to Sus-
design stress) except as modified by other provisions of tained Loads *
this Code. Use of hydrostatic design stresses for calcula- (a)Anternal Pressure Stresses. Limits of stress due to
tions| other than pressure design has not been verified. intexnal pressure are covered in para. A304.
The ases for determining allowable stresses and pres- (b) External Pressure Stresses. Stresses due t¢ uniform
sureq are outlined in para. A302.3.2. external pressure shall be considered safe whep the wall

(b)] The stresses and allowable pressures are groupéd thickness of the component and its means of [stiffening
by mhpterials and listed for stated temperatures. Straight- have been qualified as required by para. A304.7.2.
line interpolation between temperatures is permissible. (c) External Loading Stresses. Design of pipjng under

) 1 loading shall be based on the followjing:

06 A302.3.2 Bases for Allowable Stresses-and Pres- externa & &

(06) sured ! (1) Thermoplastic Piping. ASTM D 2321 qr AWWA
N . .. C900.

(a)| Thermoplastics. The method of determining HDS . . . .
is depcribed in ASTM D 2837. HDS-values are given in 2 Remf orced Thermosettmg Resm (RTR) Jand Rein-
Tablg B-1 for those materials and temperatures for which fzrced I;l.aStAlC ]\fdzﬁ\f\?\tvg{zg/goplp ing. ASTM D 3839 or
suffigient data have been compiléd to substantiate the ppendix A o ] T .
detefmination of stress. (3) Strain and possible buckling shall be cpnsidered

(b)| Reinforced Thermotetting Resin (Laminated). The When determlkr)ung t]};e maxmmm all}c‘l)vxlzlabllle iﬁﬂeCtlboln
design stress (DS) values for materials listed in Table mn (1) or (12) a ﬂove,. ut i no cafe S ¢ ah t € prowable
B-2 shall be one-tenth ©of the minimum tensile strengths j}ametra deflection exceed 5% of the pipe inside
specified in TableslVof ASTM C 582 and are valid only lameter. o )

(4) Nonmetallic piping not covered in (1) or (2)

1 Titles of ASTM Specifications and AWWA Standards referenced abov.e shall l.)e sub]eCted to .a crushmg or t”lree—edge

hereir] aref bearing test in accordance with ASTM C 14 |or C 301;

ASTM C 14, Concrete Sewer, Storm Drain, and Culvert Pipe the allowable load shall be 25% of the minim[um value
ASTM-E-36tMethod-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 Pres-
sure Pipe

81

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

t, = minimum required thickness, including
mechanical, corrosion, and erosion allowances

A304.1.2 Straight Nonmetallic Pipe Under Internal
Pressure. The internal pressure design thickness, t,
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:

A302.4 Allowances
Paragraph 302.4 applies in its entirety.

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

A303 GENERAL

Paragiaph 303 applies, except that references to
Table A3P6.1 and para. A302.2.1 replace references to
Table 324.1 and para. 302.2.1. For nonmetallic compo-
nents, reference to para. A304 replaces reference to
para. 304

A304 PRESSURE DESIGN OF PIPING
OMPONENTS
A304.1 $traight Pipe

A304.1.1 General
(a) Th¢ required thickness of straight sections of pipé
shall be determined by eq. (25).

by =t+c (25)
The minimum thickness T for the pipe.sélected, con-
sidering manufacturer’s minus tolerafice, shall be not
less than|t,,.
(b) The following nomenclature is used in the equa-
tions for [pressure design of straight pipe:

(a) Thermoplastic Pipe [See Para. A302.3.2(a)]

PD
t=577p (Table B-1) (26a)

(b) RTR (Laminated) Pipe [See Para, A302.3.2(b)
— PD 3
t=52 (Tdble B-2) (26b)

(c) RTR (Filament Wound) and RPM (Centrifugally|Cast)
Pipe [See Para. A302:3.2(c)]

\_ _PD
T2SF+P

A304.1.3, Straight Pipe Under External Pressure
(a) Nenmetallic Pipe. The external pressure design
thickness, ¢, shall be qualified as required by para.
A304.7.2.
(b) Metallic Pipe Lined With Nonmetals
(1) The external pressure design thickness, t, for the
base (outer) material shall be determined in accordlance
with para. 304.1.3.
(2) The external pressure design thickness, |t, for
the lining material shall be qualified as required by]para.
A304.7.2.

(Table B-3) (26¢)®

A304.2 Curved and Mitered Segments of Pipe

A304.2.1 PipeBends. The minimum required thick-
ness, t,, of a bend, after bending, shall be determined

quali-

¢ = the sum of mechahical allowances (thread or  as for straight pipe in accordance with para. A304.1.
roove depth)plus corrosion and erosion .
llowance. For threaded components, the nomi- A304.2.2 ’Elbows. Manufactured' glbows no.t mn
al thread depth (dimension /1 of ASME B1.20.1 accordance with para. A303 shall be qualified as required
r equivalent) shall apply. For machined sur- by para. A304.7.2.
acesorgrooves where the tolerance is not spec- A304.2.3 Miter Bends. Miter bends shall be
ified;the tolerance shall be assumed to be fied as required by para. A304.7.2.
075 T (6702 i) addition tothe specified
depth of the cut. A304.3 Branch Connections
b= outS}de dlar.neter of pipe A304.3.1 General. A pipe having a branch connec-
F = service (design) factor. See para. A302.3.2(c). Lo . .
) . tion is weakened by the opening that must be made in
P = internal design gage pressure . . L .
. . . itand, unless the wall thickness of the pipe is sufficiently
S = design stress from applicable Table in Appen- . . . L
dix B in excess of that required to sustain the pressure, it is
X . . necessary to provide added reinforcement. The amount
T = pipe wall thickness (measured or minimum per

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 t 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.

requ
inten(ded to assure satisfactory performance of a branch
conngction subjected only to internal or external pres-
sure.[The designer shall also consider paras. 304.3.5(a),
(c), apd (d).

A304.4 Closures

Clgsures not in accordance with para. A303 shall be
quall'](ied as required by para. A304.7.2.

A304.5 Pressure Design of Nonmetallic Flanges

A304.5.1 General

(a)] Flanges not in accordance with para. A303 or
A3045.1(b), (c), or (d) shall be qualified as required by
para] A304.7.2.

(b)| Flanges for use with flat ring gaskets may be
designed in accordance with the BPV Code, Section VIII,
Division 1, Appendix 2, except that the allowable
stresges and temperature limits of this Code shall(gov-
ern. INomenclature shall be as defined in the BRV_Code,
except for the following;:

P |= design gage pressure

S, |= bolt design stress at atmospheric temperature*

Sy |[= bolt design stress at desigm-temperature®

S¢ |= allowable stress for flange material from Table
B-1, B-2, or B-3

(c)| The rules in (b) above are not applicable to a

flanged joint having a-gasket that extends outside the
bolts|(usually to thecutside diameter of the flange).
(d)| For flangesthat make solid contact outside the
bolts} Section VIII, Division 1, Appendix Y should be
used

A304:5.2 Blind Flanges. Blind flanges not in accor-

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 and Elements. Pres-
sure design of unlisted components and joints, to which
i - y, shall be
based on calculations consistent with the design criteria
of this Code. Calculations shall be substantiatpd by one
or both of the means stated in (a) and(b)below,|consider-
ing applicable ambient and dynamic effects|in paras.
301.4 through 301.11:

(a) extensive, successful service experierjce under
comparable design conditions with similarly propor-
tioned components made‘of the same or like[material

(b) performance testtinder design conditiofs includ-
ing applicable dynamic and creep effects, continued for
a time period/sufficient to determine the acgeptability
of the component or joint for its design life

For (a)\or’(b) above, the designer may ijlterpolate
between sizes, wall thicknesses, and pressuge classes,
and may determine analogies among related materials.

A304.7.3 Nonmetallic Components WitH Metallic
Pressure Parts. Components not covered by $tandards
in Table A326.1, in which both nonmetallic an¢l metallic
parts contain the pressure, shall be evaluated bl applica-

ble requirements of para. 304.7.2 as well as thoge of para.
A304.7.2.

PART 3
FLUID SERVICE REQUIREMENTS FOR PIPING
COMPONENTS

A305 PIPE

Listed pipe may be used in Normal Fluidl Service,
subject to the limitations of the pressure-c¢ntaining
material and para. A323.4. Unlisted pipe may be used
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.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

83

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.

A3b6.2 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.

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.

A308.2 Nonmetallic Flanges

A306.2.2 Corrugated and Other Bends. Bends of
other degigns (such as creased or corrugated) shall be
qualified for pressure design as required by para.
A304.7.2.

A306.3 Miter Bends

Excepths specified in para. 306.3.2, a miter bend which
conformsjto para. A304.2.3 may be used in Normal Fluid
Service.

A306.4 Kabricated or Flared Laps

The following requirements do not apply to fittings
conformihg to para. A306.1.

A306.4.1 Fabricated Laps

(a) Thg requirements in paras. 306.4.1(a) and (b) shall
be met.

(b) Lap) material shall be suitable for the service condi-

tions. Prgssure design shall be qualified as required by
para. A3(4.7.2.

A306.4.2 Flared Laps. Flared laps shall not-be-used
in nonmatallic piping.

A306.5 [Kabricated Branch Connections

The following requirements donot apply to fittings
conformihg to para. A306.1.

A306.5.1 General. A fabricated branch connection
made by ponding the braneh pipe directly to the header
pipe, with or without\added reinforcement as stated in
para. 328/5.4, and.shown in Fig. 328.5.4, may be used in
Normal Fluid Setvice, provided that pressure design is
qualified |as fequired by para. A304.7.2.

A306.57

C C C C Fabrica d
connections shall be made as specified in para. A328.5.

A307 NONMETALLIC VALVES AND SPECIALTY
COMPONENTS

Paragraph 307 applies in its entirety, except that in
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, respec-
tively.

84
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A308.2.1 General
(a) Flanges shall be adequate, with suitable facing,
gasketing, and bolting, to develop the full' tating ¢f the
joint and to withstand expected externaljoadingy.
(b) The designer should consult the manufacturer for
ratings of flanges.

A308.2.2 Threaded Flanges:.” Threaded flanggs are
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 dlso Appendix F, para. F308.4.

A308.4.1 Lining Used as Facing or Gasket. Ifining
material extended over the flange face and used as a
gasket shall conform to para. 308.4.

A309 BOLTING
Bolting includes bolts, bolt studs, studs, cap sdrews,
nuts, and washers. See Appendix F, para. F309.
A309.1 General
Paragraph 309.1 applies in its entirety.

A309.2 Specific Bolting

Any bolting which meets the requirements of |para.
309.1 may be used with any combination of flange mate-
rials and flange facings. Joint assembly shall confoym to
the requirements of para. A335.2.

Tapped holes for pressure retaining bolting in piping
components may be used provided pressure design is
qualified as required by para. A304.7.2.

PART 4
FLUID SERVICE REQUIREMENTS FOR PIPING JOINTS

A310 GENERAL

Paragraph 310 applies in its entirety.
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A311 BONDED JOINTS IN PLASTICS

A311.1 General

Bonding shall be in accordance with para. A328 and
examination shall be in accordance with para. A341.4.1
for use in Normal Fluid Service, subject to the limitations
of the material.

A311.2 Specific Requirements

A]
only
procd

AB11.2.2 Seal Bonds. A seal bond may be used
only [to prevent leakage of a threaded joint and only if it
has Heen demonstrated that there will be no deleterious
effect on the materials bonded.

A3

.2.T Fillet Bonds. illet bond may be use
in conjunction with a qualified hot gas welding
dure for bonding (see para. A328.5.2).

11.2.3 Joints Limited to Category D Fluid Service.
Joint$ which have been examined in accordance with
para] 341.4.2 may be used only for Category D Fluid
Service.

A312 FLANGED JOINTS

The designer should consult the manufacturer for rat-
ings of flanged joints in nonmetallic piping and in piping
lined| with nonmetals.

A317
Pa

EXPANDED JOINTS
ragraph 313 applies in its entirety.

A31J THREADED JOINTS
A314.1 General

A threaded joint is suitable forise in Normal Fluid
Servicce, subject to the limitations of the material and
requirements elsewhere inpara. A314. A joint conform-
ing tp para. 314.1(d) shall.hot be used.

A314.2 Specific Requirements
A314.2.1 Thermoplastic Piping. Threaded joints
shall{conform to all of the following:
(a)| Thepipe wall shall be at least as thick as Schedule
80 aq defined in ASTM D 1785.

(b) Matching female 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 female threads
factory cut or molded in the bottom portions of fittings
with deep sockets.

(d) Factory cut or molded threaded nipples, cou-
plings, or adapters, bonded to plain-end RTR pipe and

fttings, i b provide
connections to threaded metallic piping.

A314.2.3 Reinforced Plastic Mortar P|ping.
Threaded joints are not permitted ifyreinforcpd plastic
mortar (RPM) piping.

A315 TUBING JOINTS

Paragraph 315 applies'in its entirety, subjecf to mate-
rial limitations, exclision of 315.2(b) regardihg severe
cyclic conditions,»and replacement of ref¢rence to
Table 326.1<and para. 304.7.2 with refdrence to
Table A3263] and para. A304.7.2, respectively]

A316:OCAULKED JOINTS
Paragraph 316 applies in its entirety.

A318 SPECIAL JOINTS

Special joints are those not covered elsewher¢ in Chap-
ter VII, Part 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 repldces refer-
ence to para. 304.7.2.

A318.2 Specific Requirements

Paragraph 318.2 applies with the exceptiofn 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 the rules
in para. A329.1 may be used in Normal Flui¢ Service,

(b) Threads shall be NPT, and shall conform to
ASME B1.20.1 or ASTM F 1498.

(c) Threads shall conform to applicable standards in
Table A326.1.

(d) A suitable thread sealant shall be used.

A314.2.2 Reinforced Thermosetting Resin Piping.
Threaded joints in reinforced thermosetting resin (RTR)
piping shall conform to the following;:

(a) Male threads shall be factory cut or molded on
special thick-walled pipe ends.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

85

subject to material limitations.
(b) Specific Requirements. Welds shall be limited to
those which do not affect the serviceability of the lining.

A318.3.2 Flared Linings

(a) General. Flared ends of linings made in accordance
with the rules in para. A329.2 may be used in Normal
Fluid Service, subject to material limitations.

(b) Specific Requirements. Flaring shall be limited to
applications which do not affect the serviceability of the
lining.
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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.

(b) Seals for joints in RTR and RPM piping shall con-
form to ASTM D 4161.

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.

A319.2.2 Displacement Stresses

PART 5
FLEXIBILITY AND SUPPORT

A319 FLEXIBILITY OF NONMETALLIC PIPING
A319.1 Requirements

A319.1.1 Basic Requirements. Piping systems shall
be designed to prevent thermal expansion or contrac-
tion, pregsure expansion, or movement of piping sup-
ports and terminals from causing

(a) failpire of piping or supports from overstrain or

(a) Elastic Behavior. The assumption that dispglace-
ment strains will produce proportional stress-over p suf-
ficiently wide range to justify an elastic stress anglysis
often is not valid for nonmetals. In brittle piping, sfrains
initially will produce relatively large-glastic stresseg. The
total displacement strain must be_kept small, however,
since overstrain results in failure rather than pjastic
deformation. In thermoplastic'and thermosetting|resin
piping, strains generally ‘Will produce stresses qf the
overstrained (plastic) typé, even at relatively low vjalues
of total displacement strain. If a method of flexipility

fatigue analysis which asstimes elastic behavior is selectedl, the
(b) leakage at joints d'es'igner mustbe.able to de'emons.trate its validity for ’Fhe
(c) dettimental stresses or distortion in piping or in plpmg system under consideration, and shall estgblish
connectedl equipment (pumps, for example), resulting safe limigpr computed stresses.

from exc¢ssive thrusts and moments in the piping

A319.1.2 Specific Requirements

(a) In para. A319, guidance, concepts, and data are
given to gssist the designer in assuring adequate flexibil-
ity in pipjng systems. No specific stress-limiting criteria
or methofls of stress analysis are presented since stress—
strain behavior of most nonmetals differs considerably
from that|of metals covered by para. 319 and.is less well
defined fpr mathematical analysis.

(b) Pipjing systems should be desigfied and laid out
so that flgxural stresses resulting from displacement due
to expan ion, contraction, and other movement are mini-
mized. This concept requires-special attention to sup-

. ports, terfminals, and otherttestraints, as well as to the
techniqules outlined in“para. A319.7. See also para.
- A319.2.2(b).

(c) Further information on design of thermoplastic

© piping cgn be found in PPI Technical Report TR-21.

 A319.2 (oncepts

(b) Querstrained Behavior. Stresses cannot be cqnsid-
eredproportional to displacement strains throughout a
piping system in which an excessive amount of $train
tiay occur in localized portions of the piping [an unbal-
anced system; see para. 319.2.2(b)] or in which dlastic
behavior of the piping material cannot be assumed.
Overstrain shall be minimized by system layouf and
excessive displacements shall be minimized by special
joints or expansion devices (see para. A319.7).

A319.2.3 Cold Spring. Cold spring is the intenfional
deformation of piping during assembly to prodfice a
desired initial displacement or stress. Cold spring may
be beneficial in serving to balance the magnitufe of
stress under initial and extreme displacement qondi-
tions. When cold spring is properly applied, there 1s less
likelihood of overstrain during initial operation. THere is
also less deviation from as-installed dimensions during
initial operation, so that hangers will not be displlaced
as far from their original settings. No credit for cold
spring is permitted in stress range calculations, |or in
calculating thrusts and moments.

A319.2.1 Displacement Strains. The concepts of
strain imposed by restraint of thermal expansion or con-
traction, and by external movement, described in para.
319.2.1, apply in principle to nonmetals. Nevertheless,
the assumption that stresses throughout the piping sys-
tem can be predicted from these strains because of fully
elastic behavior of the piping materials is not gener-
ally valid.

(a) Inthermoplastics and some RTR and RPM piping,
displacement strains are not likely to produce immediate

86

A319.3 Properties for Flexibility Analysis

A319.3.1 Thermal Expansion Data. Appendix C lists
coefficients of thermal expansion for several nonmetals.
More precise values in some instances may be obtainable
from manufacturers of components. If these values are
to be used in stress analysis, the thermal displacements
shall be determined as stated in para. 319.3.1.

A319.3.2 Modulus of Elasticity. Appendix C lists
representative data on the tensile modulus of elasticity,
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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
temperature may be obtalnable from the manufacturer
The grroduto a a
specimen, espec1a11y for resins with fllament 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 feason simplified formulas used in stress analysis
for njetals may not be valid for nonmetals.

A319.3.4 Dimensions. Nominal thicknesses and
outsifle diameters of pipe and fittings shall be used in
flexibility calculations.

A319.4 Analysis

A319.4.1 Formal Analysis Not Required. No formal
analysis 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 [previously analyzed systems, or
(c)]is laid out with a conservative margin,of intherent
. flexibility, or employs joining methods or expansion joint
édevi( es, or a combination of these methods, in accor-
“dance with manufacturers’ instructiens

A319.4.2 Formal Analysis Requirements. For a pip-

-ing system which does not meetthe above criteria, the
- designer shall demonstrate”adequate flexibility by sim-
‘plified, approximate, or<comprehensive stress analysis,
using a method which\can be shown to be valid for
the specific case. If-sdbstantially elastic behavior can be
dempnstrated for the piping system [see para.
A3192.2(a)], dnethods outlined in para. 319.4 may be
applicable:

A319.5\'Reactions

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.

Where plpmg lacks 1r1herent ﬂex1b111ty or is unbal-

2 1 by one or
more of the followmg means: bends, loops, br offsets;
swivel or flexible joints; corrugated, bellowss) o slip-joint
expansion joints; or other devices pérmitting angular,
rotational, or axial movement. Suitable anchots, ties, or
other devices shall be provided as necessary to|resist end
forces produced by fluid pressiire; frictional registance to
movement, and other causes,

A321 PIPING SUPPORT

Paragraph 821 applies in its entirety.

A321.5. Supports for Nonmetallic Piping

A321.5.1 General. In addition to other gpplicable
requirements of para. 321, supports, guides, and anchors
shall be selected and applied to comply with the princi-
ples and requirements of para. A319 and the following;:

(a) Piping shall be supported, guided, and [anchored
in such a manner as to prevent damage to the piping.
Point loads and narrow areas of contact between piping
and supports shall be avoided. Suitable paddling shall
be placed between piping and supports wherp damage
to piping may occur.

(b) Valves and equipment which would|transmit
excessive loads to the piping shall be independently
supported to prevent such loads.

(c) Consideration shall be given to mechani¢al guard-
ing in traffic areas.

(d) Manufacturers’ recommendations fof support
shall be considered.

A321.5.2 Supports for Thermoplastic, RTR{and RPM
Piping. Supports shall be spaced to avoid excgssive sag
or deformation at the design temperature and within

Paragraph 319.5 may be applicable if a formal stress
analysis can be shown to be valid for the specific case.

A319.6 Movements

Special attention shall be given to movement (dis-
placement or rotation) of piping with respect to supports
and points of close clearance. Movements of the run
pipe at the junction of a small branch connection shall
be considered in determining the need for flexibility in
the branch pipe.

the design life ol the piping system. Decreases in the
modulus of elasticity with increasing temperature 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 supports.

A321.5.3 Supports for Brittle Piping. Brittle piping,
such as glass, shall be well supported but free of hin-
drance to expansion or other movement. Not more than
one anchor shall be provided in any straight run without
an expansion joint.
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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.

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 require-
ments.

(b)) When materials are qualified for use at tempera-

A322.6 Pressure Relieving Systems

Paragraph 322.6 applies in its entirety, except for para.
322.6.3. See para. A322.6.3 below.

A32216.3 Overpressure Protection. Paragraph
322.6.3 applies, except that maximum relieving pressure
shall be ih accordance with para. A302.2.4.

PART 7
MATERIALS

A323 GENERAL REQUIREMENTS

A323.1 Materials and Specifications

Paragraph 323.1 applies except for para. 323.1.4. See
para. A323.1.4 below.

A323./1.4 Reclaimed Materials. Reclaimed piping
componehts may be used, provided they are properly
identified as conforming to a listed or published specifi-
cation (see para. 323.1.1) and otherwise meet the require-
ments of this Code. The user shall verify that
componehts are suitable for the intended service, Suffi-
cient clegning, examination, and testing shall be per-
formed fo determine the minimum available wall
thickness| and freedom from any of the following to
an exteny that would be unacceptable.in the intended
service:

(a) imperfections
(b) redpction of mechanical\properties, or
(c) absprption of deleterious substances

A323.2 Temperature (Limitations

The designer sHall verify that materials which meet
other requirements’of the Code are suitable for service
throughojut the)operating temperature range. Also see
the Noteg for Tables B-1 through B-5 in Appendix B.

tures below the minimum temperature listed infAppen-
dix B, the allowable stresses or pressures shall fiot exceed
the values for the lowest temperatures show.
(c) See also the recommended limits in Table
A323.4.2C for reinforced thermosettihg ‘resin pip¢ and
in Table A323.4.3 for thermoplasties-tised as linings.

A323.2.3 Temperature Limits, Unlisted Materigls.
Paragraph 323.2.3 applies.

A323.2.4 Verificationrof Serviceability. When an
unlisted material is to-be used, or when a listed material
is to be used above of below the limits in Appendix B
or Table A323.42C or Table A323.4.3, the designer|shall
comply with the requirements of para. 323.2.4.

A323.4 Fluid Service Requirements for Nonmetallic
Materials

A323.4.1 General
ta) Nonmetallic materials shall be safeguarded
against excessive temperature, shock, vibration, pulsa-
tion, and mechanical abuse in all fluid services.
(b) Requirements in para. A323.4 apply to pressure
containing parts. They do not apply to materials|used
for supports, gaskets, or packing. See also Appenfix F,
para. FA323.4.

A323.4.2 Specific Requirements
(a) Thermoplastics
(1) They shall not be used in flammable fluigl ser-
vice above ground, unless all of the following ard met:
(a) The size of the piping does not exceed IPN 25
(NPS 1).
(b) Owner’s approval is obtained.
(c) Safeguarding per Appendix G is providled.
(d) The precautions of Appendix F, plaras.
F323.1(a) through (c) are considered.

(2) They shall be safeguarded when used in jother

A323.2.1 Upper Temperature Limits, Listed Materials

(a) Except as provided in (b) below, a listed material
shall not be used at a design temperature higher than
the maximum for which a stress value or rating is shown,
or higher than the maximum recommended temperature
in Table A323.4.2C for RTR materials and in Table
A323.4.3 for thermoplastics used as linings.

(b) A listed material may be used at a temperature
higher than the maximum stated in (a) above if there is
no prohibition in Appendix B or elsewhere in the Code,

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

88

tharr Category DHuid-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 Cate-
gory D Fluid Service.

(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.
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Table A323.2.2 Requirements for Low Temperature Toughness Tests for Nonmetals

Column A Column B
Type of At or Above Listed Below Listed Minimum
Material Minimum Temperature Temperature

Listed nonmetallic |No added requirement The designer shall have test results at or below the lowest expected service temperature,
materials which assure that the materials and bonds will have adequate toughness and are suitable
at the design minimum temperature.

Unlisted materials [An unlisted material shall conform to a published specification. Where composition, properties, and product form are
comparable to those of a listed material, requirements for the corresponding listed material shall be met. Other
unlisted materials shall be qualified as required in Column B.

GENERAL NOTE: These requirements are in addition to the requirements of the material specification.

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 atsthese temperatures. The designer should consult the manufac-
turer for specific applications, particularly as the temperature limits are approached.

(d)| Borosilicate Glass and Porcelain A323.5 Deterioration of Materials in Service
1) They shall be safeguarded-#when used in toxic
or flymmable fluid services.

2) They shall be safeguarded against large, rapid A325 MATERIALS — MISCELLANEOUS
temperature changes in fluid services.

A323.4.3 Piping Lined With Nonmetals
(a)| Metallic Piping/hined With Nonmetals. Fluid service
requirements for the base (outer) material in para. 323.4 PART 8
goven except as-stated in (d) below. STANDARDS FOR PIPING COMPONENTS
(b)| Nonmetallic Piping Lined With Nonmetals. Fluid ser-
vice requirements for the base (outer) material in para. A326 DIMENSIONS AND RATINGS OF
A32342.govern, except as stated in (d) below. COMPONENTS
(c) Nvmmretattic—Eiming vintermts—The—tming Tmay be
any material that, in the judgment of the user, is suitable =~ A326.1 Requirements
for the intended service and for the method of manufac-
ture and assembly of the piping. Fluid service require-
ments in para. A323.4.2 do not apply to materials used
as linings.
(d) Properties of both the base and lining materials, o e .
and of arPl)y bond between them, shall begconsidered A326.4 Abbreviations in Table A326.1 and

Paragraph 323.5 applies in its entirety.

Paragraph 325 applies in its entirety.

Paragraph 326 applies in its entirety except that refer-
ences to Table A326.1 and Appendix B replace references
to Table 326.1 and Appendix A, respectively.

in establishing temperature limitations. Table A323.4.3 Appendix B
gives recommended temperature limits for thermoplas- The abbreviations tabulated below are used in this
tic materials used as linings. Chapter to replace lengthy phrases in the text and in the
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Table A323.4.3 Recommended Temperature Limits for
Thermoplastics Used as Linings

Materials Minimum Maximum

[Note (1)] °C oF oC of
PFA -198 -325 260 500
PTFE -198 -325 260 500
FEP -198 -325 204 400
ECTEE -198 -325 171 340
ETFE -198 -325 149 300
PVDF -18 0 135 275
PP -18 0 107 225
PVDC -18 0 79 175

are approached.
NOTE:
(1) See para. A326.4 for definitions of materials.

titles of sfandards in Table A326.1 and the Specifications
Index for) Appendix B. Those marked with an asterisk
(*) are in dccordance with ASTM D 1600, Standard Termi-
nology fqr Abbreviated Terms Relating to Plastics.

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 tefmperatures.
The designer should consult the manufacturer for specific applications, particularly as temperature limits

any of theseprocesses is used in assembly and ereftion,
requirements are the same as for fabrication.

A328 BONDING OF PLASTICS

Paragraph A328 applies only to joints in thermgplas-
tic, RTR, and RPM piping. Bonding shall confofm to
paras. A328.1 through A328.7 and the applicable require-
ments of para. A311.

A328.1 Bonding Responsibility

Each employer is responsible for the bonding[done
by personnel of his organization and, except as proyided
in paras. A328.2.2 and A328.2.3, shall condudt the
required performance qualification tests to qualify pond-
ing procedure specifications (BPS) and bonders or ond-
ing operators.

A328.2 Bonding Qualifications

A328.2.1 Qualification Requirements
(a) Qualification of the BPS to be used, and ¢f the

performance of bonders and bonding operatofs, is
qqqqq = I Y Lt o DDC 11 +

Abbreviatipn Term
*ABS Acrylonitrile-Butadiene-Styrene
*CAB Cellulose Acetate-Butyrate
CP Chlorinated Polyether
*CPVC Chlorinated Poly (Vinyl Chloride)
ECTFE| Ethylene-Chlorotrifluoroethylene
ETFE Ethylene-Tetrafluoroethylene
*FEP Perfluoro (Ethylene-Prop¥lene) copolymer
PB Polybutylene
*PE Polyethylene
PFA Perfluoro (Alkoxyalkane) copolymer
*POM Polyacetal, Poly (Oxymethylene)
POP Poly (Phenfylene Oxide)
*PP Polypropylene
*PPS Poly (Phenylene Sulfide)
PR Pressure Rated
*PTFE Polytetrafluoroethylene
*PVC Poly (Vinyl Chloride)
*PVDC Poly (Vinylidene Chloride)
*PVDF Poly (Vinylidene Fluoride)
RPM Reinforced Plastic Mortar
RTR Reinforced Thermosetting Resin
SDR Standard Dimensional Ratio
PART 9

FABRICATION, ASSEMBLY, AND ERECTION

A327 GENERAL

Piping materials and components are prepared for
assembly and erection by one or more of the fabrication
processes in paras. A328, A329, A332, and A334. When
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specified therein and in para. A328.2.5 shall be com-
pleted successfully.
(b) In addition to the procedure for making the bonds,

the BPS shall specify at least the following;:

(1) all materials and supplies (including storage
requirements)

(2) tools and fixtures (including proper care and
handling)

(3) environmental requirements (e.g., temperature,
humidity, and methods of measurement)
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Table A326.1 Component Standards (06)
Standard or Specification Designation

Nonmetallic Fittings

Process Glass Pipe and Fittings. . . . . . . . . i i i it e e e e e e e e e e e e e e e e ASTM C 599
Threaded PVC Plastic Pipe Fittings, Sch 80 . . . . . . . . . . e ASTM D 2464
PVC Plastic Pipe Fittings, Sch 40 . . . . . . . . . . L e e e e e e e e ASTM D 2466
PVC Plastic Pipe Fittings, Sch 80 ASTM D 2467
Sockef-Type ABS Plastic Pipe Fittings, Sch 40 . . . . . . . . . . . . . ASTM D 2468
Thermpplastic Gas Pressure Pipe, Tubing, and Fittings . . . . . . . . . . ... ... . . . . ... .. .. ... ASTM D 2513
Reinfofrced Epoxy Resin Gas Pressure Pipe and Fittings. . . . . . . . . . . . . o i i i i e ASTM D 2517
Plastiq Insert Fittings for PE Plastic Pipe . . . . . . . . . . . . e ASTM D 2609
Socket-Type PE Fittings for Outside Diameter-Controlled PE Pipe and Tubing . . . . . . . ... ... ... ... ¢ ASTM D 2683
CPVC Plastic Hot and Cold Water Distribution Systems . . . . . . . ... ... ... ... . .. ...... 4k ASTM D 2846
Butt Heat Fusion PE Plastic Fittings for PE Plastic Pipe and Tubing . . . . ... ... ... .. ... .. \Y.. ASTM D 3261
Polybytylene (PB) Plastic Hot- and Cold-Water Distribution Systems. . . . . . ... ... ... ... Ca¥.... ASTM D 3309
Fiberglass RTR Pipe Fittings for Nonpressure Applications [Note (1)]. . . . . .. ... ... ... 0Ot ... .. ASTM D 3840
Machipe Made “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin) Flanges . . . . . .. X .. ... .. ASTM D 4024
Conta¢t Molded Fiberglass RTR Flanges [Note (1)]. . . . . . . . . o o i i i i i i i oo e N ASTM D 5421
Threaded CPVC Plastic Pipe Fittings, Sch 80. . . . . . . . . . . . . . i N/ oo A$TM F 437
Sockef-Type CPVC Plastic Pipe Fittings, Sch 40 . . . . . . . . . . . i i N e e e A$TM F 438
CPVC Plastic Pipe Fittings, Schedule 80 . . . . . . . . . . . . e NN A$TM F 439
Electrgfusion Type Polyethylene Fittings for Outside Diameter Controlled Polyethylene Pipe and Tubing . . . . . ASTM F 1055
Plastid-Lined Ferrous Metal Pipe, Fittings, and Flanges [Notes (2), (3)] .« & . . . o o o o o o it it ASTM F 1545
Nonmetallic Pipes and Tubes

PELink PiNe . . . . o o e e N e e e e e e e e e e e API 15LE
Low Pfessure Fiberglass Line Pipe . . . . . . . . . o i M e e APl 15LR
Reinfofrced Concrete Low-Head Pressure Pipe . . . . o (i o o o o e e e e e e e e e e e e e e e AYT™ C 361
Procegs Glass Pipe and Fittings. . . . . . . . . . L 27N e A4T™ C 599
ABS Plastic Pipe, Sch 40 and 80 . . . . . . . A . o o i e e e e ASTM D 1527
PVC Plastic Pipe, Sch 40, 80 and 120 . . =% . . o o it e e e ASTM D 1785
PE Plaistic Pipe, Sch 40 . . . . . . . . md e e ASTM D 2104
PE Plajstic Pipe (SIDR-PR) Based on Contrelled Inside Diameter . . . . . . . .. .. . ... ASTM D 2239
PVC Plastic Pressure-Rated Pipe (SDR SEMES) . . . v v v v v v v i e e e e e e e e e e e e e e ASTM D 2241
ABS Plastic Pipe (SDR-PR). . ..\ ) . o o e e e e e e ASTM D 2282
Classification for Machine-Made RTR Pipe . . . . . . . . . . . . i e ASTM D 2310
PE Plastic Pipe, Sch 40.8&(80, Based on Outside Diameter. . . . . . . . . .. . ... .. ..., ASTM D 2447
Thermpplastic Gas Pressure Pipe, Tubing, and Fittings . . . . . . . . . . . . . . i ASTM D 2513
Reinforced Epoxy’Resin Gas Pressure Pipe and Fittings. . . . . .. ... ... ... . ... ... . ... ... .. ASTM D 2517
PB Plgstic PIpENSDR-PR). . . . ¢ o i it e e e e e e ASTM D 2662
PB Plgstic FUDING. . . . . . o o o e e e e e e e e e e ASTM D 2666
Joints [for<lPS”PVC Pipe Using Solvent Cement. . . . . . . . o i i i it e e e e e e e e ASTM D 2672
PE Plastic Tubing. . . . . . . o o e e e e e e ASTM D 2737
CPVC Plastic Hot and Cold Water Distribution System. . . . . .. ... .. .. . . . . ... ASTM D 2846
Filament-Wound Fiberglass RTR Pipe [Note (1)] . . . . . . . o i i i i it e e e e e e e e e e e e ASTM D 2996
Centrifugally Cast RTR Pipe . . . . . . L o i e e e e e e e e e ASTM D 2997
PB Plastic Pipe (SDR-PR) Based on Outside Diameter. . . . . . . . . . . . i i i ittt e it e e e e ASTM D 3000
PE Plastic Pipe (DR-PR) Based on Controlled Outside Diameter . . . . . ... .. .. ..., ASTM D 3035
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Table A326.1 Component Standards (Cont’d)

Standard or Specification Designation
Nonmetallic Pipes and Tubes (Cont’d)
Polybutylene (PB) Plastic Hot- and Cold-Water Distribution Systems. . . . . . .. . ... ... ... ... ... ASTM D 3309
Fiberglass RTR Pressure Pipe [Note (1)]. . . . . o v v vt i e e e e 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)]. . . . . . . . . . 0 i i it i it it e et ASTM D 3754
CPVC Plastic Pipe, Sch 40 and 80 ASTM F 441
CPVC Plastift Pipe (SDR-PR) . . . . o i ot e e e e e e e e e e e e e e e e e ASTM.H 442
Standard Specification for Polyolefin Pipe and Fittings for Corrosive Waste Drainage
Systems [Notes (2), (3)]. « « « v v v i e e e e e e e e e e e ASTM F 1412
Plastic-Linef Ferrous Metal Pipe, Fittings, and Flanges [Notes (2), 3)] . . . . . . . . . . i i ASTM F 1545
Standard Specification for Polyvinylidene Fluorine (PVDF) Corrosive Waste Drainage Systems. . . . ... .. .. ASTM F 1673
Reinforced [Concrete Pressure Pipe, Steel Cylinder Type, for Water and Other Liquids . . . . .. ... ... ... AWWA {300
Prestressed Concrete Pressure Pipe, Steel Cylinder Type, for Water and Other Liquids. . . . . .. ... ... .4 AWWA {301
Reinforced [Concrete Pressure Pipe, Noncylinder Type, for Water and Other Liquids . . . . . . .. ... .. A\ AWWA {302
PVC Pressufe Pipe, 4-inch through 12-inch, forWater. . . . . . . . .. ... ... . . . .. .. (Cny. AWWA {900
Glass-Fiber{Reinforced Thermosetting Resin Pressure Pipe . . . . . ... ... .. ... ..o o0 Ot AWWA {950
Miscellanequs
Contact-Molded Reinforced Thermosetting Plastic (RTP) Laminates for Corrosion Resistant‘€quipment . . . . . . ASTM ( 582
Threads for| Fiberglass RTR Pipe (60 deg stub) [Note (1)] . . . . . . . . . . ... ... . 8NN ... .. .. ..... ASTM D 1694
Solvent Cements for ABS Plastic Pipe and Fittings . . . ... ... ... . ... . . &I . o L. ASTM D p235
Solvent Cements for PVC Plastic Piping Systems . . . . . . . . . o i i (P e e e e ASTM D p564
Joints for IHS PVC Pipe Using Solvent Cement. . . . . . . . ... ... .. e o o ASTM D p672
Joints for Plastic Pressure Pipes Using Flexible Elastomeric Seals . . . . . .\ .. ... ... .. .. ... ASTM D B139
Fiberglass RTR Pipe Joints Using Flexible Elastomeric Seals [Note (1)] ... . . . o o o v i v i i it ASTM D $#161
Design and| Construction of Nonmetallic Enveloped Gaskets for Corrosive Service . . . . .. ... ... ... .. ASTM R 336
Solvent Cements for CPVC Plastic Pipe and Fittings. . . . . ... ™M .. .. o 0 it ASTM H 493
Taper Pipe [Threads for 60° Thermoplastic Pipe and Fittings. .(o,% . . . . .« o o o o ot i e i s ASTM F 1498
GENERAL NPTE: It is not practical to refer to a specific-edition of each standard throughout the Code text. Instead, the approved g¢dition
references, |along with the names and addresses ofithe*sponsoring organizations, are shown in Appendix E.
NOTES:
(1) The terpn 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.
(4) joint preparation (b) by signature, the employer accepts both th¢ BPS
(5) dimensional-tequirements and tolerances and procedure qualification record (PQR) as his gwn
(6) cure time (c) the employer has at least one currently employed
(7) grotection of work bonder who, while in his employ, has satisfacforily
(8) flests and examinations other than those passed a performance qualification test using thd pro-

required by para. A328.25
(9) acceptance criteria for the completed test
assembly

A328.2.2 Procedure Qualification by Others. Subject
to the specific approval of the Inspector, a BPS qualified
by others may be used provided that

(a) the Inspector satisfies him/herself that the pro-
posed qualified BPS has been prepared and executed
by a responsible recognized organization with expertise
in the field of bonding

92

posed qualified 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 bonder or bonding operator for another employer.
If approval is given, it is limited to work on piping using
the same or equivalent BPS. An employer accepting such
performance qualification tests shall obtain a copy of the
performance qualification test record from the previous
employer showing the name of the employer by whom
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the bonder or bonding operator was qualified, the date Sp = mean long term hydrostatic strength (LTHS)
of such qualification, and the date the bonder or bonding in accordance with ASTM D 2837. Use twice
operator last bonded pressure piping under such per- the 23°C (73°F) HDB design stress from Table
formance qualification. B-1 if listed, or use manufacturer’s data.
. . Ss = mean short term burst stress in accordance

A32§.2.4 Quallﬁggtlon Records. .The employer shall with ASTM D 1599 from Table B-1 if listed,

maintain a self-certified record, available to the owner . ’
otherwise from manufacturer’s data
or owner’s agent and to the Inspector, of the BPS used = _ . . .
T = nominal thickness of pipe

and the bonders or bonding operators employed by
him/her, and showing the dates and results of BPS quali-

ficatipns and bonding performance qualifications.

A328.2.5 Qualification Tests. Tests, as specified in

(2) For RTR (]amiﬂa{-or] and-filament-wz

und) and
RPM, Pz shall be three times the manufactrgr’s allow-
able pressure for the components being-joinefl.

(3) The test shall be conducted’so that| the joint

para| A328.2.1(a), shall be performed to qualify each | k ; ; e
BPS 4ind the performance of each bonder and bonding 1S loaded in both the circumferential and longitudinal
operator. Test assemblies shall conform to (a) below and directions.

the tpst method shall be in accordance with either (b)
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 th¢ BPS. More than one test assembly may be prepared
if negessary to accommodate all of the joint types or to
assufle that at least one of each joint type is loaded in
both |circumferential and longitudinal directions. The
size pf pipe and fittings in the assembly shall be as
folloyvs:
1) When the largest size to be joined is DN 100
(NPY4) or smaller, the test assembly shall be the largest
size fo 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
betwpen 25% and 100% of the largest pipirig:size to be
joinefl, but shall be a minimum of DN 100ANPS 4).

(b)| Burst Test Method. The test assembly shall be sub-
jectedl to a burst test in accordance with the applicable
sectipns of ASTM D 1599.° Thé time to burst in this
standard may be extended. The,test is successful if fail-
ure ifitiates outside of any _bonded joint.

(c)| Hydrostatic Test Method. The test assembly shall be
subjected to hydrostatic' pressure of at least Pr for not
less than 1 hr withrno leakage or separation of joints.
1) For thermoplastics, Py shall be determined in
accordance with eq. (27)

(Ss + SH))
7

D
1=

Pr = 0.80T( @7)

A328.2.6 Performance Requalification. R¢newal of
a bonding performance qualification is requited when
(a) a bonder or bofiding operator has not{used the
specific bonding process for a period of 6 thonths or
more, or
(b) there is§pecific reason to question the inflividual’s
ability to mtake bonds that meet the BPS

A328.3 Bonding Materials and Equipment

A328.3.1 Materials. Bonding materials fhat have
deteriorated by exposure to air or prolonged storage, or
will not spread smoothly, shall not be used ih making
joints.

A328.3.2 Equipment. Fixtures and tools used in
making joints shall be in such condition as t¢ perform
their functions satisfactorily.

A328.4 Preparation for Bonding

Preparation shall be defined in the BPS and ghall spec-
ify such requirements as

(a) cutting

(b) cleaning

(c) preheat

(d) end preparation

(e) fit-up

A328.5 Bonding Requirements

A328.5.1 General
(a) Production joints shall be made only in a¢cordance

\

where

D = outside diameter of pipe

® 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.

93

withawrittenmbordingprocedure specification (BPS)
that has been qualified in accordance with para. A328.2.
Manufacturers of piping materials, bonding materials,
and bonding equipment should be consulted in the prep-
aration of the BPS.

(b) Production joints shall be made only by qualified
bonders or bonding operators who have appropriate
training or experience in the use of the applicable BPS
and have satisfactorily passed a performance qualifica-
tion test that was performed in accordance with a quali-
fied BPS.
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(c) Each qualified bonder and bonding operator shall
be assigned an identification symbol. Unless otherwise
specified in the engineering design, each pressure con-
taining bond or adjacent area shall be stenciled or other-
wise suitably marked with the identification symbol of
the bonder or bonding operator. Identification stamping
shall not be used and any marking paint or ink shall
not be detrimental to the piping material. In lieu of
markmg the bond, approprlate records may be filed.

img operator for any other bondmg procedure
(e) Lorjgitudinal joints are not covered in para. A328.

A328.,5.2 Hot Gas Welded Joints in Thermoplastic
Piping °
(a) Prqparation. Surfaces to be hot gas welded
together phall be cleaned of any foreign material. For
butt welds, the joining edges should be beveled at 20 deg
to 40 deg with 1 mm (', in.) root face and root gap.

(b) Profedure. Joints shall be made in accordance with
the qualified BPS.

(c) Brajich Connections. A fabricated branch connec-
tion shal] be made by inserting the branch pipe in the
hole in the run pipe. Dimensions of the joint shall con-
form to Hig. 328.4.4 sketch (c). The hole in the run pipe
shall be beveled at 45 deg. Alternatively, a fabricated
branch cqnnection shall be made using a manufactured
full reinf¢prcement saddle with integral socket.

A328.5.3 Solvent Cemented Joints in Thermoplastic
Piping °

(a) Preparation. Thermoplastic pipe and fitting-stir-
faces shall be prepared in accordance with ASTV D 2855
for PVC, JASTM F 493 for CPVC, and ASTM-D 2235 for
ABS. A dyy 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.

(b) Propedure. Joints shall beumade in accordance with
the qualified BPS. ASTM, D.2855 provides a suitable
basis for[development{of'such a procedure. Solvent
cements [for PVC, CPV|C, and ABS shall conform to
ASTM D 2564, D 2846;and D 2235, respectively. Applica-
tion of cenent totboth surfaces to be joined and assembly
of these [surfaces shall produce a continuous bond
between fthem with visual evidence of cement at least

(b) Procedure. Joints shall be made in accordance with
the qualified BPS. The general procedures in ASTM D
2657, Techniques I — Socket Fusion, II — Butt 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 hmlts of the ]omt See Fig. A328.5.4 for

3 align

components when ]omts are made.

(c) Branch Connections. A fabricated branch connec-
tion is permitted only where molded fittings are
unavailable.

A5328.5.5 Electrofusion Joints<n,Thermoplasti¢ Pip-
ing

(a) Preparation. Surfacesito'be heat fused together
shall be cleaned of all foreign material.

(b) Procedure. Jointsishall be made in accordancg with
the qualified BPS, The general procedures in AS[TM F
1290, Techniqued<%< Coupling Procedure and Techpique
II — Saddle Procedure provide a suitable basis f¢r the
development.of such a procedure. See Fig. A328.%.5.

A328.5:6 Adhesive Joints in RTR and RPM Piping

(a)\Procedure. Joints shall be made in accordancg with
the\qualified BPS. Application of adhesive to the sutfaces
to be joined and assembly of these surfaces shall produce
a continuous bond between them and shall seal over all
cuts to protect the reinforcement from the service fluid.
See Fig. A328.5.6.

(b) Branch Connections. A fabricated branch copnec-
tion shall be made using a manufactured full reinforce-
ment saddle having a socket or integral length of bfanch
pipe suitable for a nozzle or coupling. The hole in the
run pipe shall be made with a hole saw; the cut ¢dges
of the hole shall be sealed with adhesive at the tine the
saddle is bonded to the run pipe.

A328.5.7 Butt-and-Wrapped Joints in RTR and| RPM
Piping °

(a) Procedure. Joints shall be made in accordancg with
the qualified BPS. Application of plies of reinforcqment
saturated with catalyzed resin to the surfaces to be jpined
shall produce a continuous structure with them.|Cuts
shall be sealed to protect the reinforcement from the

flush with the outer end of the Iitting bore around the
entire joint perimeter. See Fig. A328.5.3.

(c) Branch Connections. A fabricated branch connec-
tion shall be made using a manufactured full reinforce-
ment saddle with integral branch socket. The
reinforcement saddle shall be solvent cemented to the
run pipe over its entire contact surface.

A328.5.4 Heat Fusion Joints in Thermoplastic Piping °
(a) Preparation. Surfaces to be heat fused together
shall be cleaned of all foreign material.

service fluid. See Fig. A328.5.7.

(b) Branch Connections. For a fabricated branch con-
nection made by inserting the branch pipe into a hole
in the run pipe, the hole shall be made with a hole saw.

A328.6 Bonding Repair

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.

(06)
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Fig. A328.5 Typical Plastic Piping Joints

/+_

N
N4

DN— » ;'/-\\>

Socket Joint Socket Joint

FIf.A328.5.3 THERMOPLASTIC
SOLVENT CEMENTED JOINT

Butt Joint

FIG.A328.5.4 THERMOPLASTIC

HEAT FUSION JOINTRS

CNE

Saddle Joint

FIG.A328.5.6 FULLY TAPERED
THERMOSETTING ADHESIVE JOINT

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

| N
Coupling 7 T
| .
Wire
. Saddle
| /— Wire / coils I / tapping tee
N 14 coils _@D_
N ' Wire _l | | I—
N matt
QLA
Goupling Butt Saddle
FIG.A328.5.5 THERMOPLASTIC ELECTROFUSION JOINTS
T N A ~N—7
AN .
| |
| [ \
|
|
|
5/'\\/ S/-N\>
Overwrapped Butt and Wrapped
Bell and Spigot Joint Joint

FIG.A328.5.7 THERMOSETTING WRAPPED JOINTS

95

Licensee=Aker Maritime/5944276101
Not for Resale, 08/23/2007 05:10:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2006.pdf

ASME B31.3-2006

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

A334 JOINING NONPLASTIC PIPING
A334.1 Borosilicate Glass Piping

Short unflanged pieces used to correct for differences
between fabrication drawings and field dimensions may
be cut to length and finished in the field.

A334.2 Repair of Defects

Defective material, joints, and other workmanship in

A329.1 Welding of Metallic Piping monplastic piping that fail to meet the requirements of

A329.1.1 General

(a) Parpgraph A329.1 applies only to welding subas-
semblies Jof metallic piping that have previously been
lined with nonmetals.

(b) Welding which conforms to para. A329.1 may be
used in accordance with para. A318.3.1.

A329.1.2 Specific Welding Requirements. Welding
shall conform to the requirements of para. 328 and the
following additional requirements:

(a) Modifications made in preparation for welding to
suit mantfacturer’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 allining has been damaged, it shall be repaired
or replacgd.

(d) Qualification to one WPS for a specific lining
material ¢loes not qualify a welder or welding operator
for any other welding procedure involving different lin:
ing matefials.

A329.2 |

A329.2.1 General

(a) Parpgraph A329.2 applies only-to/the flaring of
linings in| pipe that has previously-been lined with non-
metals.

(b) Flating which conforms\to’ para. A329.2 may be
used in accordance with para’”A318.3.2.

(c) Flaying shall be pefformed only in accordance with
a written| flaring pregedure specification, and only by
qualified | operators ‘'who have appropriate training or
experiende in the\use of the applicable flaring procedure
specificatfion!

laring of Nonmetallic Linings

para. A334 or of the engineering design shall be-repjaired
or replaced.

Completed repairs and replacements-shall be gxam-
ined, subject to the same limitations,on-imperfeg¢tions
as the original work.

A335 ASSEMBLY AND ERECTION

A335.1 Alignment
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 agsem-
bled Wwith 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:
(1) consideration shall be given to the strength of
the flanges, and to sustained loads, displacement stfains,
and occasional loads described in paras. A302.3.4 and
A302.3.5, and
(2) an appropriate bolt-up sequence shall be
ified
(b) Appropriate limits shall be specified for b
torque, and those limits shall not be exceeded.
(c) Flat washers shall be used under bolt headp and
nuts.

A335.2.6 Metallic Piping Lined With Nonmetal$. In
assembling mechanical joints in metallic piping |lined
with nonmetals, consideration shall be given to means
for maintaining electrical continuity between pip¢ sec-
tions, where static sparking could cause ignition of [flam-
mable vapors. See Appendix F, para. FA323.4(a).

spec-

lt-up

A332 BENDING AND FORMING
A332.1 General
Paragraph 332.1 applies in its entirety.

A332.2 Bending
Paragraph 332.2 applies, except para. 332.2.2.

A332.3 Forming
Paragraph 332.3 applies, except for heat treatment.
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A335.3 Threaded Joints

Paragraph 335.3 applies except for para. 335.3.2. See
para. A335.3.2.

A335.3.2 Joints for Seal Bonding. A threaded joint
to be seal bonded shall be made up without thread
compound. A joint containing thread compound which
leaks during leak testing may be seal bonded in accor-
dance with para. A328.6, provided all compound is
removed from exposed threads.
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A335.3.4 General, Nonmetallic Piping. Either strap
wrenches or other full circumference wrenches shall be
used to tighten threaded pipe joints. Tools and other
devices used 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-

A335.9 Cleaning of Piping
See Appendix F, para. F335.9.

PART 10
INSPECTION, EXAMINATION, AND TESTING

A340 INSPECTION

ing njaterial, threads shall be coated with sufficient resin
to cgver the threads and completely fill the clearance
betwpen the pipe and the fitting.

A335.4 Tubing Joints

AB35.4.1 Flared Joints in Thermoplastic Tubing.
Paragraph 335.4.1 applies.

A3
Para

(06)

35.4.2 Flareless and Compression Tubing Joints.
praph 335.4.2 applies.

A335.5 Caulked Joints

Patagraph 335.5 applies.

A335.6 Special Joints

Patragraph 335.6 applies, except that expanded joints
are njot permitted.

A335.6.3 Flexible Elastomeric Sealed Joints. Assem-
bly of flexible elastomeric sealed joints shall be in accor«
dancg with the manufacturer’s recommendations and
the fpllowing:

(a)| Seal and bearing surfaces shall be free frorh-injuri-
ous imperfections.

(b)] Any lubricant used to facilitate joint assembly
shall|be compatible with the joint cothponents and the
intenjded service.

(c)| Proper joint clearances and(piping restraints (if not
integral in the joint design) shall be provided to prevent
joint peparation when expdnsion can occur due to ther-
mal and/or pressure effects.

A335.8 Assembly of-Brittle Piping

Cafe shall be used'to avoid scratching of brittle nonme-
tallic[piping ifvhandling and supporting. Any scratched
or chiippedicomponents shall be replaced. Care shall be

usedfin handling glass-lined and cement-lined steel pipe
becatisel the lining can be injured or broken by blow
which do not dent or break the pipe.

A335.8.1 Borosilicate Glass Piping. In addition to
the precaution in para. A335.8, borosilicate glass piping
components shall be protected from weld spatter. Any
component so damaged shall be replaced. Flanges and
cushion inserts shall be carefully fitted and aligned to
pipe, fitting, and valve ends. Gaskets shall be of the
construction recommended for the joint. Installation and
torquing of bolts shall be in accordance with the manu-
facturer’s recommendations.
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Paragraph 340 applies in its entirety.

A341 EXAMINATION

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 Examinatiopn. Para-
graph 341.3.Vapplies, except for (a) and (b), which apply
only for'metals.

A341.3.2 Acceptance Criteria. Acceptan
shall be as stated in the engineering design
at least meet the applicable requirements for
Table A341.3.2 and requirements elsewhere in

e criteria
and shall
bonds in
the Code.

A341.3.3 Defective Components and Workmanship.
Paragraph 341.3.3 applies in its entirety.

A341.3.4 Progressive Sampling for Examjnation.

Paragraph 341.3.4 applies in its entirety.

A341.4 Extent of Required Examination

A341.4.1 Examination Normally Required. |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 aq stated in
para. A341.3.2 unless otherwise specified.

(a) Visual Examination. At least the followir|g shall be
examined in accordance with para. 344.2:

(1) materials and components in accord
para. 341.4.1(a)(1).
(2) at least 5% of fabrication. For bonds,

aince with

each type
operator

acc DY d DOTITATC dItcr DOTITC =4

shall be represented.
(3) 100% of fabrication for bonds other than circum-
ferential, except those in components made in accor-
dance with a listed specification.
(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

97
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RTR and RPM
Kind Thermoplastic [Note (1)]
of Hot Gas Solvent Heat Adhesive
Imperfection Welded Cemented Fusion Cemented

Cracks
Unfilled areas in joint
Unbonded areas in

None permitted
None permitted
Not applicable

Not applicable
None permitted
None permitted

Not applicable
None permitted
None permitted

Not applicable
None permitted
None permitted

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Protrusion of material
into pipe bore, %
of pipe wall
thickness

joint

Inclusions of charred None permitted
material

Unfused filler material None permitted
inclusions

Not applicable

Cement, 50%

Fused material, 25%  Adhesive,25%

NOTE:

and bonding operator making the production joints is

examined.

(c) Cettifications and Records. Paragraph 341.4.1(c)

applies.

A341.4.2 Examination — Category D Fluid Service.
Piping anld piping elements for Category D Fluid Service
as designpted in the engineering design shall be visually
examined to the extent necessary to satisfy the examiner
that components, materials, and workmanship conform
to the requirements of this Code and the engineéring

design.
A341.5 $upplementary Examination

© A341.5.1 General. Any applicable method of exam-
“ination dscribed in para. 344 may be’specified by the
“engineerfing design to supplement the examination
. required py para. A341.4. The-extent of supplementary
~ examinatjon to be performediand any acceptance criteria
- that diffef from those inpara. A341.3.2 shall be specified

tin the engineering design.

A341.5.2 Exatninations to Resolve Uncertainty.

Paragraph 341:5.8 applies.

A342

(1) RTR = reinforced thermosetting resin; RPM = reinforced plastic mortar.

A344.2 Visual.Examination
Paragraph\344.2 applies in its entirety.

A344.57Radiographic Examination

Radiographic examination may be used in accordlance

with para. 344.1.2.

A344.6 Ultrasonic Examination

Ultrasonic examination may be used in accordlance

with para. 344.1.2.

A344.7 In-Process Examination
Paragraph 344.7 applies in its entirety.

A345 TESTING
A345.1 Required Leak Test

(a) Prior to initial operation, each piping system
be tested to ensure tightness. The test shall be a h|
static leak test in accordance with para. A3454, e

shall
ydro-
xcept

as provided herein.

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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(b) Paragraphs 345.1(a) and (b) apply.

A345.2 General Requirements for Leak Test

Requirements in para. A345.2 apply to more than one

type of leak test.

A345.2.1 Limitations on Pressure.
345.2.1(b) and (c) apply.

A345.2.2 Other Test Requirements
(a) Paragraph 345.2.2(a) applies.
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(b) The possibility of brittle fracture shall be consid-
ered when conducting leak tests on brittle materials or
at low temperature.

(c) Paragraphs 345.2.3 through 345.2.7 apply.

A345.3 Preparation for Leak Test

Paragraph 345.3 applies in its entirety, considering
bonds in place of welds, and excluding expansion joints.

A345.5 Pneumatic Leak Test

A345.5.1 Precautions. In addition to the require-
ments of para. 345.5.1, a pneumatic test of nonmetallic
piping is permitted only with the owner’s approval,
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.

A345.4 Hydrostatic Leak Test
A345.4.1 Test Fluid. Paragraph 345.4.1 applies.

A345.4.2 Test Pressure

(a)] Nonmetallic Piping. Except as provided in para.
345.43(b), the hydrostatic test pressure at any point in
a nonmetallic piping system shall be not less than 1.5
timeg 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 Sr shall be
from|Table B-1 instead of A-1.

(c)| Metallic Piping with Nonmetallic Lining. Paragraph
345.42 applies.

A345.4.3 Hydrostatic Test of Piping With Vessels as
a System. Paragraph 345.4.3 applies.

(0 PVCand CPVC piping siali ot be priegmatically
tested.

A345.6 Hydrostatic-Pneumatic Leak ‘Test

If a combined hydrostatic-pneumatic leak tept is used,
the requirements of para. A345.5,shall be mef, and the
pressure in the liquid-filled pdrt of the piping shall not
exceed the values calculatéd 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
D Fluid Ser¥ice only.

Category

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
owner as| being in Category M Fluid Service. See also
Appendix M.

(b) The organization, content, and paragraph desig-
nations of this Chapter correspond to those of the base
Code (Chapters I through VI) and Chapter VII. The
prefix Mlis used.

(c) Projvisions and requirements of the base Code and
Chapter VII apply only as stated in this Chapter.

(d) Comsideration shall be given to the possible need
for engipeered safeguards (see Appendix G, para.

itions can ordinarily be circumvented by pip-
t, component selection, and other means. If
F feasible, the engineering design shall specify
ssary provisions in accordance with para.

ing layot
this is no
any necq
300(c)(5).
(f) Chdpter I applies in its entirety.
PART 1
CONDITIONS AND CRITERIA

M301 DESIGN CONDITIONS

Paragraph 301 applies in its entirety, with the excep-
tions of paras. 301.3 and 301.5-See paras. M301.3 and
M301.5.
M301.3

Use of

Pesign Temperature, Metallic Piping

hny temperature other than the fluid tempera-
ture as the design, temperature shall be substantiated
by heat transfer\calculations confirmed by tests or by
experimentallmeasurements.

M301.5

ctc

mic E£E,
T TEImTeCtS

the piping.

M302 DESIGN CRITERIA

M302.1 General

Paragraph M302 pertains to'préssure-temperatute rat-
ings, stress criteria, desigh-allowances, and minijmum
design values, together With permissible variatigns of
these factors as applied to piping design.

Paragraph 302 applies in its entirety, with the excep-
tion of paras,302.2 and 302.3. See paras. M302.2 and
M302.3.

M302.2’,Pressure-Temperature Design Criteria

Raragraph 302.2 applies in its entirety, with the e
fion of paras. 302.2.4 and 302.2.5. See paras. M3
and M302.2.5.

cep-
D2.2.4

M302.2.4 Allowance for Pressure and Temperature
Variations, Metallic Piping. Use of allowances in|para.
302.2.4 is not permitted. Design temperature and [pres-
sure shall be based on coincident pressure-temperature
conditions requiring the greatest wall thickness ¢r the
highest component rating.

M302.2.5 Ratings at Junction of Different Seryices,
Metallic Piping. When two services that operate gt dif-
ferent pressure-temperature conditions are conngcted,
the valve segregating the services shall be rated f¢r the
more severe service condition.

M302.3 Allowable Stresses and Other Stress Limits
for Metallic Piping

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
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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 M306.4 Fabricated or Flared Laps
PRESSURE DECS(;;':(?':EASE;ALLIC PIPING M306.4.1 General. The following requirements do

M303 GENERAL
Paragraph 303 applies in its entirety.

M304 PRESSURE DESIGN OF METALLIC
COMPONENTS

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

Patragraph 304 applies in its entirety.

PART 3
FLUID SERVICE REQUIREMENTS FOR METALLIC
PIPING COMPONENTS

M306 PIPE
M305.1 General

Ligted pipe may be used in accordance with para.
M30%.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 apply [see para. M300(e)].

M306 METALLIC FITTINGS, BENDS, MITERS,
LAPS, AND BRANCH CONNECTIONS

Gefreral. Fittings, bends, miters, laps, and branch:eon-
nectipns may be used in accordance with paras;M306.1
throygh M306.6. Pipe and other materials-ised in such
components shall be suitable for the manufacturing pro-
cess and the fluid service.

M306.1 Pipe Fittings

Paragraph 306.1 applies in its entirety, with the excep-
tion ¢f para. 306.1.3. See para. M306.1.3 below. The provi-
sion [for severe cyclic ednditions in para. 306.1.4 does
not apply [see para,M300(e)].

MB06.1.3 Specific Fittings. The following shall not
be uged:
(a)| fittings.conforming to MSS SP-43 and MSS SP-119
(b)| proprietary “Type C” lap-joint stub-end butt weld-
ing fittings

(NPS2), with wall thickness before flaring gréater than
or equal to the value of T for Schedule 105
(b) pressure-temperature rating shall\be legs than or
equal to that of an ASME B16.5 Class”150, Group 1.1
flange
(c) service temperature shall be < 204°C (4p0°F)

M306.5 Fabricated Branch_ Connections

The following requirements do not apply to fittings
conforming to para.\M306.1. Paragraph 306.5{1 applies,
with the following exceptions:

(a) Of the.taethods listed in para. 304.3.1(a), the one
in subparay(3) may be used only if those in ([l) and (2)
are unavailable.

(b)Of the branch connections described [in paras.
304:8.2(b) and (c), those having threaded outlefs are per-
mitted only in accordance with para. M314 &and those
having socket welding outlets are permitted only in
accordance with para. M311.2.

M306.6 Closures

The following requirements do not apply] to blind
flanges or to fittings conforming to para. M306.1. Of
the closures described in para. 304.4, flat closures 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 requir¢gments in
M306.5 apply to openings in closures [see qlso 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 containipg piping

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.

(06)
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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 securefrwithra futlpernetration wetd mmade T accor- M3TT.Z Specific Requirements

dance with para. M311; or secured by a straight thread
sufficient|for mechanical strength, a metal-to-metal seat,
and a seql weld made in accordance with para. M311,
all acting]in series.

(3) Body joints, other than bonnet or cover plate
joints, shall conform to para. M307.2(b)(2).

M308 FKLANGES, 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 follojving shall not be used:

(a) single-welded slip-on flanges

(b) expanded-joint flanges

(c) slipron flanges used as lapped flanges unless the
requirements in para. 308.2.1(c) are met

(d) threaded metallic flanges, except those employing
lens ringp or similar gaskets and those used in lined
pipe whepre the liner extends over the gasket face

M308.3 Flange Facings
Paragraph 308.3 applies.

M308.4 [Gaskets
Paragraph 308.4 applies.

M308.5 Blanks
All blgnks shall be marked with material, rating,

and size.

M309 BOLTING

Paragraph 309.applies, except for para. 309.2.4 [see
para. M3p0(e)].

M311.1 General

Paragraph 311.1 applies with the following excep-
tions.

(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/entifety.

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 3]4.2.1
applies except that only components suitable for Ngrmal
Fluid Service in sizes 8 < DN < 25 (% < NPS < 1) are
permitted (see Table 314.2.1). Sizes smaller than )N 20
(NPS %) shall be safeguarded (see Appendix G).

M314.2.2 Straight-Threaded Joints. Paragraph
314.2.2 applies. In addition, components shall have ade-
quate mechanical strength and the joint shall have a
confined seating surface not subject to relative rofation
as or after the joint is tightened. [See Fig. 335.3.3 skqgtches
(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

Paracraph 321 applies. except that supporting ele-
(&) 1 I I J Y (&)

ments shall be of listed material.

PART 6
SYSTEMS

M32p SPECIFIC PIPING SYSTEMS
M322.3 Instrument Piping

Patagraph 322.3 applies, with the exception that, for
signdl lines in contact with process fluids and process
templerature—pressure conditions

(a)| tubing shall be not larger than 16 mm (% in.) O.D.
and shall be suitable for the service

(b)] an accessible block valve shall be provided to iso-
late the tubing from the pipeline

(c)]joining methods shall conform to the requirements
of pdras. 315.1 and 315.2

M322.6 Pressure Relieving Systems

Paragraph 322.6 applies, except for para. 322.6.3. See
para|M322.6.3.

MB22.6.3 Overpressure Protection. Formetallic
piping, the design pressure may be exceeded by no more
than[10% during operation of a pressure relieving
system.

PART 7
METALLIC MATERIALS

M32B GENERAL REQUIREMENTS
M323.1 Materials and Specifications

Papagraphs 323.1.1 and 323.1.2 apply. See paras.
M323.1.3 and/M323.1.4.

323:4.3 Unknown Materials. Materials of
unknjowt_specification shall not be used.

applies, except that cast irons other than dyctile iron
shall not be used for pressure-containing pafts, and 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. 323:4:2(c)(2) and 323.4.3 are
used as cladding or lining in which the clddding or
lining also serves as a<gasket or as part of the flange
facing, consideration shall be given to the desjign of the
flanged joint to prevént leakage to the enviropment.

M323.5 Deterioration of Materials in Servic

Paragrdph323.5 applies in its entirety.

M325 MATERIALS — MISCELLANEOUS
M325.1 Joining and Auxiliary Materials

In applying para. 325, materials such as|[solvents,
brazes, and solders shall not be used. Nonmetdllic mate-
rials used as gaskets and packing material§ 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. Hxcept for
prohibitions and restrictions stated elsewherd in Chap-
ter VIII, components made in accordance with tandards
and specifications listed in Table 326.1 may He used in

M323°T. fials. 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.

Category M service:
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 assembly

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

1 : £ il £ £o1
and erection—requirements—are—the—same—as—for—fabri

cation.

M328 ELDING OF METALS

Weldinlg shall be in accordance with paras. M311.1
and 328, pxcept see para. M328.3.

M328.3 elding Materials

Paragraph 328.3 applies in its entirety, except that split
backing 1jings shall not be used, and removable backing
rings and consumable inserts may be used only where
their suifiability has been demonstrated by procedure
qualificatfion.

M330 PREHEATING OF METALS

Paragraph 330 applies in its entirety.

M331 HEAT TREATMENT OF METALS

Paragr
tion that
Table 331

hph 331 applies in its entirety, with the excep-
no requirements less stringent than thosé-of
1.1 shall be specified.

M332 BENDING AND FORMING OF METALS

Paragr
ing whic

ph 332 applies in its entirety; éxcept that bend-
conforms to para. 332.2:3 is not permitted.

SSEMBLY AND ERECTION OF METALLIC
IPING

eneral

M335

M335.1

M335{1.1 Alignment. In addition to the require-
ments of para.835:1.1, any bending or forming required
for alignthentand fit-up shall be heat treated if required
by para. B32.4

para. 335.4.1 apply; however, see para. M322 for limita-
tions associated with specific piping systems!

M335.4.2 Flareless and Compression Tubing Joipts.
The requirements of para. 335.4.2 apply;’however, see

para. M322 for limitations associated,with specifi¢ pip-
ing systems.
M335.6 Special Joints

Special joints shall be in-ac¢cordance with paras. M318

and 335.6.1.

M335.9 Cleaning ‘of Piping
See Appendix F, para. F335.9.

PART 10
INSPECTION, EXAMINATION, TESTING, AND

RECORDS OF METALLIC PIPING
M340 INSPECTION

Paragraph 340 applies in its entirety.

M341 EXAMINATION

Paragraphs 341.1,341.2, 341.3, and 341.5 apply in
entirety. See para. M341.4.

their

M341.4 Extent of Required Examination

Paragraph 341.4.1 applies with the following e
tions:
(a) Visual Examination
(1) All fabrication shall be examined.
(2) All threaded, bolted, and other mecha
joints shall be examined.
(b) Other Examination

Xcep-

nical

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.
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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.

Patagraph 344 applies in its entirety.

M345 TESTING

Patagraph 345 applies in its entirety, except that

(a)] a sensitive leak test in accordance with para. 345.8
shall be included in the required leak test (para.
345.1) and

(b)] the initial service leak test (para. 345.7) does not

apply

M34p RECORDS
Patagraph 346 applies in its entirety.

PARTS 11 THROUGH 20,
CORRESPONDING TO CHAPTER VI

Se¢ para. M300(b).

MA3D0 GENERAL STATEMENTS

Paragraphs MA300 through MA346 apply to nonme-
tallic|piping and piping lined with nenrmetals, based on
Chagpter VII. Paragraph A300(d)-applies.

PART 11
CONDITIONS/AND CRITERIA

MA3D1 DESIGN -CONDITIONS
Paragraph A801 applies in its entirety.

MA3D2_DESIGN CRITERIA

MA302.4 Allowances
Paragraph 302.4 applies in its entirety.

PART 12
PRESSURE DESIGN OF NONMETALLIC PIPING
COMPRONENTS

MA303 GENERAL
Paragraph A303. applies.

MA304 _PRESSURE DESIGN OF NONMETALLIC
COMPONENTS

Patagraph A304 applies in its entirety.

PART 13
FLUID SERVICE REQUIREMENTS FOR NONMETALLIC
PIPING COMPONENTS

MA305 PIPE
Paragraph A305 applies without further regtrictions.

MA306 NONMETALLIC FITTINGS, BENDS, [MITERS,
LAPS, AND BRANCH CONNECTIONS

Paragraphs A306.1 and A306.2 apply withoput further
restrictions. See para. MA306.3.

MA306.3 Miter Bends

Miter bends not designated as fittings confprming to
para. A306.1 shall not be used.

MA306.4 Fabricated Laps

Fabricated laps shall not be used

Paragraphs A302.T 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.

MA306.5 Fabricated Branch Connections

Nonmetallic fabricated branch connections shall not
be used.

MA307 NONMETALLIC VALVES AND SPECIALTY
COMPONENTS

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 NONMETALL
PIPING

MA319 PIPING FLEXIBILITY
Paragraph A319 applies in its entirety.

MA321 PIPING SUPPORT

IC

MA309 [BOLTING

Paragraph A309 applies without further restrictions.

PART 14

FLUID SERVICE REQUIREMENTS FOR NONMETALLIC

PIPING JOINTS
MA310 | GENERAL
Paragraph 310 applies in its entirety.

MA311
MA311.1

BONDED JOINTS

General

Paragraph A311.1 applies in its entirety.

MA311.2| Specific Requirements

Hot gap welded, heat fusion, solvent cemented, and
adhesivg bonded joints are not permitted except in

linings.

MA312 | FLANGED JOINTS
Paragraph 312 applies in its entirety.

MA313 | EXPANDED JOINTS

Expanded joints shall not besused.

MA314
MA314.1

THREADED JOINTS

General

Threaded joints shall not be used in nonmetallic

piping.

Paragranh -A321 avnplies in its entiretsy
o rr J

PART 16

NONMETALLIC AND NONMETALLIC LINED’SYSTEMS

MA322 SPECIFIC PIPING SYSTEMS
Paragraph A322 applies in its efitirety.

PART, 17
NONMETALLIC MATERIALS

MA323 GENERAL REQUIREMENTS

Paragraphs A328.1 and A323.2 apply in their en
See para. MA323.4.

MA323.4< Fluid Service Requirements for Nonme
Materials

Raragraph A323.4.1 applies. See paras. MA323 .4,
MA323.4.3.

MA323.4.2 Specific Requirements. Parag
A323.4.2 applies, except that materials listed
paras. A323.4.2(a), (b), and (d) may be used on
linings. Thermoplastics may be used as gaskets in ¢
dance with paras. M325.1 and MA323.4.3.

MA323.4.3 Nonmetallic Lining Materials. WHh
material in para. A323.4.2 is used as a lining ¥
also serves as a gasket or as part of the flange f3
consideration shall be given to design of the fla
joint to prevent leakage to the environment.

PART 18
STANDARDS FOR NONMETALLIC AND
NONMETALLIC LINED PIPING COMPONENT]

MA326 DIMENSIONS AND RATINGS OF
COMPONENTS

irety.

tallic

D and

raph
nder
ly as

ccor-

ere a
vhich
cing,
nged

7T

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.
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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 MA341.2 Extent of Required Examination
Paragraph A328 applies in its entirety. Paragraph A341.4.1 applies, except:
(a) Visual Examination
MA329 FABRICATION OF PIPING LINED WITH (1) All fabrication shall be visually examined.
NONMETALS (2) All bolted and other mechanical joints shall be
Paragraph A329 applies in its entirety. examined.
MA332 BENDING AND FORMING MA342 EXAMINATION PERSQNNEI

Paragraph A332 applies. Paragraph 342 applies.

MA3B4 JOINING NONPLASTIC PIPING

Paragraph A334 applies in its entirety. MA343 EXAMINATION PROCERURES

Paragraph 343 applies.
MA3B5 ASSEMBLY AND ERECTION

P

<)

fagraph A335 applies in its entirety. MA344 TYPES OF-EXAMINATION

PART 20 Paragraph A344 applies in its entirety.

INSPECTION, EXAMINATION, TESTING, AND
RECORDS OF NONMETALLIC AND NONMETALLIC

LINED PIPING MA345. TESTING
MA3fi0 INSPECTION Paragraph A345 applies in its entirety, excgpt that
Paragraph 340 applies in its entirety. (@) asensitive leak test in accordance with fara. 345.8
shall be included in the required leak test (parh. A345.1)
MA341 EXAMINATION ( bl) the initial service leak test (para. A345.7) does not
apply

Paragraph A341 applies in its entirety.

MA341.1 General

Paragraphs 341.1, 341.2, A341.3, and A341.5 apply in
their|entirety. See para. MA341.2. Paragraph 346 applies in its entirety.

MA346 RECORDS
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Chapter IX
High Pressure Piping

K300 GENERAL STATEMENTS

The term allowable stress is used in lieu of basic allow-

(a) Apglicability. This Chapter pertains to piping des-
ignated Hy the owner as being in High Pressure Fluid
Service. ]ts requirements are to be applied in full to
piping so|designated. High pressure is considered herein
to be prepsure in excess of that allowed by the ASME
B16.5 Claps 2500 rating for the specified design tempera-
ture and fnaterial group. However, there are no specified
pressure [imitations for the application of these rules.

(b) Responsibilities. In addition to the responsibilities
stated in|para. 300(b),

(1) for each piping system designated as being in
High Prejssure Fluid Service, the owner shall provide
all infornmpation necessary to perform the analyses and
testing rgquired by this Chapter

(2) the designer shall make a written report to the
owner symmarizing the design calculations and certi-
fying that the design has been performed in accordance
with this|Chapter

(c) Thq identification, intent, and Code requirements
in paras. [300(a), (c), (d), (e), and (f) apply.

(d) Th¢ organization, content, and, wherever possible;
paragraph designations of this Chapter correspofid to
those of the first six Chapters (the base Code). Theprefix
K is used.

(e) Prqvisions and requirements of the‘base Code
apply only as stated in this Chapter,

K300.1 $cope

K300.1.1 Content and Coyerage. Paragraph 300.1.1
applies wiith the exceptions stated in paras. K300.1.3 and
K300.1.4.

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.
Statedin 2001 2 sl.s

In addition to the exclusions

able stress.

The term safeguarding and other terms characteyfizing
hazardous fluid services are not used incthis Chlapter
but should be taken into account in design:
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(D,'V, and X.

PART 1
CONDITIONS AND CRITERIA

K301 CDESIGN CONDITIONS

Raragraph 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(a) applies
except that reference to para. 302.2.4 is not appligable.
Paragraphs 301.2.1(b) and (c) apply, but refer to [para.
K304 instead of para. 304.

K301.2.2 Required Pressure Containment or Relief.
Paragraphs 301.2.2(a) and (b) apply, but refer to [para.
K322.6.3 instead of para. 322.6.3. Paragraph 301.2.2(c) is
not applicable.

K301.3 Design Temperature

12

ara—300-13-this-Chapterexcludesnonmetatlie

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.

Pax 20 Bl FESTA A 4300 £

Paragraph-364-3-apphes-with-the-exceptions-efparas.
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
resonance effects in the piping.

(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,

Eponding

2 DESIGN CRITERIA ; -
K307 mechanical properties, method of manufagdture, and
K302.1 General quality control are comparable to the.conre

In para. K302, pressure-temperature ratings, stress cri- characteristics of listed components.

teria) design allowances, and minimum design values
are sfated, and permissible variations of these factors as
applied to design of high pressure piping systems are
formplated.

The designer shall be satisfied as to the adequacy
of the design, and of materials and their manufacture,
considering at least the following;:

(a)] tensile, compressive, flexural, and shear strength
at design temperature

(b)| fatigue strength

(c)| design stress and its basis

(d) ductility and toughness

(e)| possible deterioration of mechanical properties in
servife

(f)| thermal properties

(g)| temperature limits

(h)| resistance to corrosion and erosion

(i) |fabrication methods

(j) |examination and testing methods

(k)| hydrostatic test conditions

(1) |bore imperfections
K302.2 Pressure-Temperature Design Criteria

K302.2.1 Listed Components Having Established Rat-
ings.| Pressure-temperatufe ratings for certain piping
components have been gtablished and are contained in
somgq of the standards-in Table K326.1. Unless limited

elsewhere in this Chapter, those ratings are acceptable
for design pressures and temperatures under this Chap-
ter. With theowner’s approval, the rules and limits of

this ChapgQ} may be used to extend the pressure- (b) Shear and Bearing. Allowable stress in s
temperatdre ratings of a component beyond the ratings | " g5 times the allowable stress in tension
of the listed standard, but not beyond the limits stated

rcordance
s required

(2) Pressure design shall be vérified in a
with para. K304, including the fatigue analysi
by para. K304.8.

(b) Other unlisted components shall be quglified for
pressure design as required by para. K304.7..

K302.2.4 Allowance’ for Pressure and Te
Variations. Variations in pressure above t
pressure at the coihcident temperature, excepf
mulation ddring pressure relieving (see para.
are not permitted for any piping system.

perature
e design
for accu-
K322.6.3),

K302.2.5 Ratings at Junction of Different Services.
Paragtaph 302.2.5 applies.

K302.3 Allowable Stresses and Other Desigh Limits

K302.3.1 General. The allowable stresses defined
below shall be used in design calculations unless modi-
fied by other provisions of this Chapter.

(a) Tension. Allowable stresses in tension 1
design in accordance with this Chapter are liste
K-1, except that maximum allowable stress v
design stress intensity values for bolting, res
are listed in the BPV Code, Section II, Part D
and 4.

The tabulated stress values in Table K-1 arg
by materials and product form and are for state
atures up to the limit provided for the materia
K323.2.1. Straight line interpolation between |tempera-
tures to determine the allowable stress for  specific
design temperature is permissible. Extrapolation is not
permitted.

or use in
d in Table
hlues and
pectively,

Tables 3

grouped
d temper-
s in para.

hear shall
tabulated

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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ill Tcl‘[)‘le I\'l AI}UWC{‘U}U b’Lleb ill ‘Uﬁdlillg b}l 11 be 160
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 plotted as a function of design life in the BPV
Code, Section VIII, Division 2, Appendix 5, or Division
3, Article KD-3, as applicable, may be used in fatigue
analysis in accordance with para. K304.8.
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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

(a) All surfaces shall have a surface finish not rougher
than 6.3 um Ra (250 win. Ra per ASME B46.1).

(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
E 709. Acceptability of imperfections and weld 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-

stress valfies at design temperature 1or materials shall

not exceeld the lower of two-thirds of Sy and two-thirds
of 5. 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 = ppecified minimum yield strength at room tem-
perature
S, = Jyield strength at temperature
(2) Hor solution heat treated austenitic stainless

steels and certain nickel alloys with similar stress-strain
behavior,| allowable stress values shall not exceed the
lower of fwo-thirds of Sy and 90% of S,;.

Application of stress values so determined is not rec-
ommended for flanged joints and other components in
which slight deformation can cause leakage or malfunc-
tion. [Th¢se values are shown in italics or boldface ‘if
Table K-, as explained in Note (5) to Appendix-K
Tables.] Ihstead, either 75% of the stress value-irizFable
K-1 or twWo-thirds of the yield strength at temperature
listed in [Section II, Part D, Table Y-1 or able Y-3, as
applicable, should be used.

(c) Unlisted Materials. For a materialthat conforms to
para. K323.1.2, allowable stress valties at design temper-
ature shall not exceed the lower of: two-thirds of Sy and
two-thirds of S,;.

(1) Bxcept as provided-in (c)(2) below, S, shall be
determinpd in accordance with eq. (31).

(2) :Iflthe yield'stfength at temperature for an
unlisted naterial4s’contained in Section II, Part D, Table
Y-1 or Tahle Y-3;:that yield strength at temperature value
may be used directly in the determination of allowable
stress.

sonically in accordance with ASTM E T14, or radiogfaph-
ically in accordance with ASTM E 142. Crackswand hot
tears (Category D and E discontinuities per)the |stan-
dards listed in Table K302.3.3D) and-imperfections
whose depth exceeds 3% of nominal wall thickness are
not permitted. Acceptable severity)levels for radio-
graphic examination of castings shall be in accordlance
with Table K302.3.3D.

K302.3.4 Weld Joint Quality Factor. Piping compo-
nents containing welds shall have a weld joint qgality
factor E; = 1.00 (see)Table 302.3.4 for requirenjents)
except that the aeCeptance criteria for these welds|shall
be in accordaficevwith para. K341.3.2. Spiral welds are
not permitted.

K302.3:5 Limits of Calculated Stresses Due to Sus-
tained Loads and Displacement Strains

(a) Internal Pressure Stresses. Stresses due to infernal
pressure shall be considered safe when the wall thick-
ness of the piping component, and its means of stjiffen-
ing, meet the requirements of para. K304.

(b) External Pressure Stresses. Stresses due to exfernal
pressure shall be considered safe when the wall thick-
ness of the piping component, and its means of stfiffen-
ing, meet the requirements of para. K304.

(c) Longitudinal Stresses, S;, The sum of the longjtudi-
nal stresses S; in any component in a piping systerh due
to sustained loads, such as pressure and weight,|shall
not exceed S in (d) below. The thickness of pipe[used
in calculating S; shall be the nominal thickness thinus
mechanical, corrosion, and erosion allowance c.

(d) Allowable Displacement Stress Range, S, The|com-
puted displacement stress range, S, in a piping system
(see para. 319.4.4) shall not exceed the allowable dis-
placement stress range, S, (see para. 319.2.3), dalcu-
lated by

(d) Cyclic Stresses. Allowable values of alternating
stress or equipment alternating stress, as applicable shall
be in accordance with Section VIII, Division 2, Appendi-
ces, 4 and 5 or Division, 3, Article KD-3, respectively.

K302.3.3 Casting Quality Factor! The casting quality
factor E.shall be 1.00 by conformance to all of the follow-
ing supplementary requirements:

! See Notes to Tables 302.3.3C and 302.3.3D for titles of standards
referenced herein.
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S = 1.255, + 0.25S,, (32)

= allowable stress from Table K-1 at minimum
metal temperature expected during the dis-
placement cycle under analysis

= allowable stress from Table K-1 at maximum

metal temperature expected during the dis-

placement cycle under analysis
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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 <T <114 (4.5) ASTM E 186 1 A, B, C
114 < T <305 (12) ASTM E 280 1 A, B, C

K302.3.6 Limits of Calculated Stresses Due to Occa-
siongl Loads

(a)| Operation. The sum of the longitudinal stresses,
51, dyie to sustained loads, such as pressure and weight,
and ¢f the stresses produced by occasional loads, such
as wind or earthquake, may be as much as 1.2 times the
allowable stress given in Table K-1. Wind and earth-
quake forces need not be considered as acting concur-
. rently.
- (b)| Test. Stresses due to test conditions are not subject
‘to the limitations in para. K302.3. It is not necessary
. to consider other occasional loads, such as wind and
~ earthiquake, as occurring concurrently with test loads.

3: K302.4 Allowances

In [determining the minimum required thickness of
a piging component, allowances shall be included for
corrgsion, erosion, and thread or groove depth. See the
definition of ¢ in para. K304.1.1(b).

KB02.4.1 Mechanical Strength. Paragraph 302:4.1
applies. In addition, a fatigue analysis in acebrdance
with|para. K304.8 shall be performed forsany means
used|to increase the strength of a piping eomponent.

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 pressufestemperature ratings in accordance
with [para. K302:2:

K304 PRESSURE DESIGN OF HIGH PRESSURE

COMPONENTS

(b) The following nomenclature is used @n,jthe equa-

tion for pressure design of straight pipes
cC = +¢

= the sum of mechanical alloWances? (thread or

groove depth) plus eorrosion and erosion

allowances (where{gp= the sum off internal

allowances and cg =, the sum of exterfual allow-

ances). For threaded components, th¢ nominal

thread depth*(dimension / of ASME B1.20.1 or

equivalent) shall apply, except that fqr straight

threaddd connections, the external thread

groevé depth need not be considered provided:

(n) it does not exceed 20% of |the wall

thickness;

(b) the ratio of outside to inside [diameter,

D/d, is greater than 1.1;

(c) the internally threaded attachment pro-

vides adequate reinforcement; and

(d) the thread plus the undercut atgea, if any,

does not extend beyond the reinforcement for

a distance more than the nominal wallfthickness

of the pipe.

t = pressure design wall thickness, as ¢alculated

in para. K304.1.2 for internal pressfire, or in

accordance with the procedure listedl in para.

K304.1.3 for external pressure

tm = minimum required wall thickness, {ncluding

mechanical, corrosion, and erosion allowances

Adequate reinforcement by the attachment is defined
as that necessary to ensure that the static bursf pressure
of the connection will equal or exceed that of the
unthreaded portion of the pipe. The adequdcy of the
reinforcement shall be substantiated as requirefl by para.
K304.7.2.

K304.1 Straight Pipe

K304.1.1 General
(a) The required wall thickness of straight sections of
pipe shall be determined in accordance with eq. (33).

ty =t+c (33)

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

K304-1-2—Straight-Pipe-Undertnternal-PreSsure

(a) Except as provided in (b) below for solution heat
treated austenitic stainless steels and certain nickel
alloys with similar stress—strain behavior, the internal
pressure design wall thickness, t, shall be not less than
that calculated in accordance with eq. (34a) for pipe
with a specified outside diameter and minimum wall

2 For machined surfaces or grooves where the tolerance is not
specified, the tolerance shall be assumed to be 0.5 mm (0.02 in.)
in addition to the specified depth of the cut.
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thickness, or eq. (34b) for pipe with a specified inside
diameter and minimum wall thickness.

or

o ,_d+2a [exp(1.155p)_ 1] (34d)" 5
- 26, -p sas 2 S
= 5 [1 —exp (?ﬂ (34a)™ =
Alternatively, the internal design gage pressure, P,
or may be calculated by eq. (35c) or (35d).
1 +226’ [eXp (g) - 1] (34b)* *° P = 1.1555 In [D ?Z(Tzc_” C1)} (350)*
Alternatively, the internal design gage pressure, P, ~ Or
may be chlculated by eq. (35a) or (35b). s d+ 2T -c) s
D - 2¢ P=15 “[ d+20 ] (3™
P=SxIn [—} (35a)% 5
D-2(T -¢) K304.1.3 Straight Pipe Under_External Pressure.
or The pressure design thickness, fof straight pipe :Lnder
external pressure shall be determined in accordancg with
d+2(T -c,) .5  para. K304.1.2 for pipe where'D/t < 3.33, if at leagt one
P=5x E[Thl] (35b) end of the pipe is exposed to full external pregsure,
producing a compressive axial stress. For D/t >3.33, and
where for D/t < 3.33 whete external pressure is not applied to
D = outside diameter of pipe. For design calcula-  at least one end of the pipe, the pressure design wall
tlons in accordance with this Chapter, the out-  thickness shafl’lbé determined in accordance with [para.
s{de diameter of the pipe is the maximum value  304.1.3 excépt that the stress values shall be taken|from
allowable under the specifications. Table K-1¢

.

accordance with this Chapter, the inside
iameter of the pipe is the maximum value

d = ipside diameter of pipe. For design calculations
ilowable under the specifications.

K304.:2 Curved and Mitered Segments of Pipe

K304.2.1 Pipe Bends. The minimum requireq wall
thickness t,, of abend, after bending, may be determined

P = internal design gage pressure as for straight pipe in accordance with para. Kp04.1,

S = allowable stress from Table K-1 provided that the bend radius of the pipe centerlne is

T = pfipe wall thickness (measured or minimufvper  equal to or greater than ten times the nominal| pipe

Rurchase specification) outside diameter and the tolerances and strain limits

(b) At (lesign temperatures where allowable stress, S, of p?uja. K332 ar? met. Otherwise the design shall be
values in [Table K-1 are in boldface (solution heat treated qualified as required by para. K304.7.2.

austenitiq stainless steels and certain nickel alloys with K304.2.2 Elbows. Manufactured elbows ot in

similar stfess—strain behavior only), the internal pressure  accordance with para. K303 and pipe bends not in gccor-

design wall thickness, t, shall benot less than that calcu-  dance with para. K304.2.1 shall be qualified as required

lated in ajccordance with equ(84c) for pipe with a speci-

by para. K304.7.2.

fied outside diameter apnd minimum wall thickness, or . .
eq. (34d) [for pipe with 3'specified inside diameter and mit’:(83do4.2.3 Miter Bends. Miter bends are nof per-
minimun wall thicksiess. '
K304.2.4 Curved Segments of Pipe Under External
D -2 [1 — exp (_1'155P )] (34c)%5  Pressure. The wall thickness of curved segments of
2 5 pipe subjected to external pressure may be determined

3 An exponential [e.g., the term exp (—P/S)] represents the base
of natural logarithms e raised to the stated power (i.e., —P/S).

* The intent of this equation is to provide a factor of not less than
1.732 (or \/5) on the pressure required, according to the von Mises
theory, to initiate yielding on the outside surface of a cylinder
made from an elastic-perfectly plastic material. For solution heat
treated austenitic stainless steels and certain nickel alloys with
similar stress—strain behavior, this factor is as low as approximately
1.5 at elevated temperatures.

5 Any mechanical, corrosion, or erosion allowance, ¢, not specified
as internal, ¢, or external, c,, shall be assumed to be internal, i.e.,
¢ =c¢andc, = 0.

112

as atJC\.if;.cd for v‘uaisht t}lluc Hr para: K364-13 Pro vided
the design length L is the running centerline length
between any two sections which are stiffened in accor-
dance with para. 304.1.3.

K304.3 Branch Connections

K304.3.1 General. Acceptable branch connections
include: a fitting in accordance with para. K303; an
extruded outlet in accordance with para. 304.3.4; or a
branch connection fitting (see para. 300.2) similar to that
shown in Fig. K328.5.4.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Aker Maritime/5944276101
Not for Resale, 08/23/2007 05:10:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2006.pdf

ASME B31.3-2006

K304.3.2 Strength of Branch Connections

(a) The opening made for a branch connection reduces
both static and fatigue strength of the run pipe. There
shall be sufficient material in the branch connection to
contain pressure and meet reinforcement requirements.

(b) Static pressure design of a branch connection not
in accordance with para. K303 shall conform to para.
304.3.4 for an extruded outlet or shall be qualified as
required by para. K304.7.2.

the definitions of S and ¢ shall be in accordance with
para. K304.1.1.

K304.6 Reducers

Reducers not in accordance with para. K303 shall be
qualified as required by para. K304.7.2.

K304.7 Pressure Design of Other Components

K
tions|
304.3

B04.3.3 Reinforcement of Welded Branch Connec-
Branch connections made as provided in para.
3 are not permitted.

K304.7.1 Listed Components. Other pressure con-
taitnecomponents—maRtactured—a—aceordance with
standards in Table K326.1 may be utilized ifia¢cordance
with para. K303.

K304.7.2 Unlisted Components and Elements. Static

K304.4 Closures pressure design of unlisted components and ¢ther pip-
(a)| Closures not in accordance with para. K303 or (b) ing elements, to which the rules'ityparas. K304.1. through
o . K304.6 do not apply, shall be based on calculations con-
beloy shall be qualified as required by para. K304.7.2. - . ’ . )
. . . sistent with the design philos6phy of this Chapter. These
(b)| Closures may be designed in accordance with the . . I
o calculations shall be substantiated by one of more of
rules| allowable stresses, and temperature limits of the the means stated in\(a); (b), and (c) below, cnsiderin
BPV |Code, Section VIII, Division 2 or Division 3, and N ’ &

Sectipn II, Part D.

K304.5 Pressure Design of Flanges and Blanks

K304.5.1 Flanges — General

(a)| Flanges not in accordance with para. K303 or (b)
below shall be qualified as required by para. K304.7.2.

(b)] A flange may be designed in accordance with the
rulesf allowable stresses, and temperature limits of Sec;
tion VIII, Division 2, Appendix 3 (or Appendices 4,.5;
and @) or Division 3, Article KD-6, and Section II, Rart D.

applicable ambient.and dynamic effects in pqras. 301.4
through 301.14;

(a) exterlsiye, successful service experierjce under
comparable design conditions with similarly propor-
tioned«components made of the same or like|material;

(b) “performance testing sufficient to substarjtiate both
the'static pressure design and fatigue life at thq intended
operating conditions. Static pressure design may be sub-
stantiated by demonstrating that failure or [excessive
plastic deformation does not occur at a pressute equiva-
lent to two times the internal design pressufe, P. The

4 . test pressure shall be two times the design| pressure

(K)‘%? 5(;12 ﬂBlmd Flal:ges d ith K303 multiplied by the ratio of allowable stress at tegt temper-

W DI TENSes not m accordance WILh pata. ature to the allowable stress at design tempergture, and

g?’gz ;) ;(C) below shall be qualified as required by para. by the ratio of actual yield strength to the|specified

(b)] A blind flange may be desighed in accordance E_T.lmum yield strength at room temperature ffom Table

with|eq. (36). The thickness of the/flange selected shall (cl) detailed stress analysis (e.g., finite|element

be nc.t le?s than t,, (see para, K304.1.1 for nomenclature), method) with results evaluated as described In Section
considering manufacturing.télerance: VIIL Division 3. Article KD-2:

o= t+c (36) (d) for(a), (b), and (c) above, interpolations Jupported

by analysis, are permitted between sizes, wall thick-

The rules, allowable stresses, and temperature limits
of Section VIHI, Division 2, AD-700 may be used, with

nesses, and pressure classes, as well as analogies among
related materials with supporting material|property

the fpllowing changes in nomenclature, to calculate t,; ~ data. Extrapolation is not permitted.
¢ Fqsum of mechanical allowances, defined in para. K304.7.3 Components With Nonmetallic| Parts.
K30411 Ry P Teat 3 s PRI
CXCCPT 10T gasSKetS attt pacKITg, TOnmMetarirc parts are
t = pressure design thickness (in place of T) as calcu- ot permitted.
lated for the given style of blind flange using . .
K304.7.4 Bellows Type Expansion Joints. Bellows

the appropriate equation of AD-700

(c) A blind flange may be designed in accordance
with the rules, allowable stresses, and temperature limits
of Section VIII, Division 3, Article KD-6 and Section II,
Part D.

K304.5.3 Blanks. Design of blanks shall be in accor-
dance with para. 304.5.3, except that E shall be 1.00 and

type expansion joints are not permitted.
K304.8 Fatigue Analysis

K304.8.1 General. A fatigue analysis shall be per-
formed on each piping system, including all compo-
nents® and joints therein, and considering the stresses

® Bore imperfections may reduce fatigue life.
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resﬁlting 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 accordance with the BPV Code, Section VIII, Division
2 or Division 3.8 The cyclic conditions shall include pres-
sure variations as well as thermal variations or displace-
ment stresses. The requirements of para. K304.8 are in
addition to the requirements for a flexibility analysis

PD?

S s o o)

(37)

(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 internal pres-
sure, provided that the centerline bend radius is not less
than ten times the nominal outside diameter of the pipe,
K332

. c 1 .- 1 DU
stated inrpara— K319~ Noformmat fatigue armmatysis s

and that the tolerance and strain limits of para

bd as

required |n systems that are met. Bends of smaller radius shall be qualifj
(a) are|duplicates of successfully operating installa- required by para. K304.7.2.
tions or replacements without significant change of sys- (c) If the value of S calculated by eq.! (37) expeeds

tems with a satisfactory service record or
(b) can| readily be judged adequate by comparison
with previously analyzed systems

K304.8.2 Amplitude of Alternating Stress

(a) Fatigue Analysis Based Upon Section VIII, Division
2. The value of the alternating stress amplitude for com-
parison with design fatigue curves shall be determined

three times the allowable stress from Table K-1 at the
average temperature during the loading ¢ycle, an ielas-
tic analysis is required.

K304.8.4 Fatigue Evaluationdy Test. With thelown-
er’s approval, the design fatigue life of a comppnent
may be established by destructive testing in accordlance
with para. K304.7.2 in lieu of the above analysis require-
ments.

in accordpance with Appendices 4 and 5. The allowable . . ) )
amplitudp of alternating stress shall be determined from ~_ K304.8.5 Extended Fatigue Life. The design fatigue
the appligable design fatigue curve in Appendix 5. life of piping cémponents may be extended beyondi that

(b) Fat
(17

gue Analysis Based Upon Section VIII, Division 3
he values of the alternating stress intensity, the
associateql mean stress, and the equivalent alternating
stress int¢nsity shall be determined in accordance with
Articles HD-2 and KD-3. The allowable amplitude of the
equivaler)t alternating stress shall be determined from
the applifable design fatigue curve in Article KD-3,
(2) It it can be shown that the piping component
will fail jn a leak-before-burst mode, the nimber of
design cyjcles (design fatigue life) may be calctlated in
accordange with either Article KD-3 or Article KD-4. If
a leak-beffore-burst mode of failure cannot be shown,

the fractfire mechanics evaluation outlined in Article
KD-4 shalll be used to determine 'the number of design
cycles of the component. PART 3
(c) Addlitional Consideratidns. The designer is cau- FLUID SERVICE REQUIREMENTS FOR PIPING
tioned that the considerations listed in para. K302.1 may COMPONENTS

reduce th fatigue life(ofjthe component below the value

brndix
blica-
pro-
with

determined\by the Section VIII, Division 2, App
5, or Division 3, Article KD-3, fatigue curves, as ap
ble, by the use of one of the methods listed below]
vided that the component is qualified in accordance
para. K304.7.2:

(a) surface treatments, such as improved sujrface
finish

(b) prestressing methods, such as autofrettage
peening, or shrink fit

The designer is cautioned that the benefits of pre
may be reduced due to thermal, strain softening, or
effects.

shot

btress
other

K305 PIPE

predicted by para. (a)*or (b) above.
Pipe includes components designated as “tubp” or
K394.8.3 Pressure Stress Evaluation for Fatigue  “tyhing” in the material specification, when intgnded
Analysis for pressure service.
(a) Forl Fah'gnp analvsis of eraighf pipp eq (37) mav

be used to calculate the stress intensity’ at the inside
surface due only to internal pressure.

7 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.

8 Fatigue analysis in accordance with Section VIII, Division 2 or
Division 3, requires that stress concentration factors be used in
computing the cyclic stresses.

® The term stress intensity is defined in Section VIII, Division 2
and Division 3.
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K305.1 Requirements

K305.1.1 General. Pipe and tubing shall be either
seamless or longitudinally welded with straight seam
and a joint quality factor E; = 1.00, examined in accor-
dance with Note (2) of Table K341.3.2.

K305.1.2 Additional Examination. Pipe and tubing
shall have passed a 100% examination for longitudinal
defects in accordance with Table K305.1.2. This examina-
tion is in addition to acceptance tests required by the
material specification.
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Table K305.1.2 Required Ultrasonic or Eddy
Current Examination of Pipe and Tubing for
Longitudinal Defects

K306.2.2 Corrugated and Other Bends. Bends of
other design (such as creased or corrugated) are not
permitted.

Diameter, Examination Paragraph .
mm (in.) Required Reference K306.3 Miter Bends
d<3.2 (Y or None Miter bends are not permitted.
D<é6.4 Y .
¢ K306.4 Fabricated or Flared Laps
3.2<d<17.5 (W) Eddy current (ET) K344.8 or
I o s 3 N Onlyy foreed lans are permitted
anqroa =U = 254 (1) [NOte ()T or NG J (o] T T
ultrasonic (UT)
| . K306.5 Fabricated Branch Connections
d>14.50rD > 25.4 Ultrasonic (UT) K344.6

NOTE:
(1) THis examination is limited to cold drawn austenitic stainless
stpel pipe and tubing.

KB05.1.3 Heat Treatment. Heat treatment, if
required, shall be in accordance with para. K331.

K305.1.4 Unlisted Pipe and Tubing. Unlisted pipe
and fubing may be used only in accordance with para.
K3022.3.

K306 FITTINGS, BENDS, AND BRANCH

CONNECTIONS

Pipe and other materials used in fittings, bends, and
brangh connections shall be suitable for the manufacturs
ing o fabrication process and otherwise suitable for the
servife.

K304.1 Pipe Fittings

K306.1.1 General. All castings shall have a casting
quality factor E, = 1.00, with examination and accept-
ance friteria in accordance with para.K302.3.3. All welds
shalllhave a weld quality factor E;= 1.00, with examina-
tion hnd acceptance criterja.in’accordance with paras.
K341)through K344. Listedfittings may be used in accor-
dancp with para. K303:\\Unlisted fittings may be used
only [in accordance 4yith para. K302.2.3.

K306.1.2 Specific Fittings

(a)] Socket Welding fittings are not permitted.

(b)] Threaded fittings are permitted only in accordance
with [para-/K314.

( ) Branch connactionfittinac (caa nara 2300 2\ uhaoca
c) L Branch-connection-fittings{(see-para—300-2)-v

Fabricated branch connections censtricted|by weld-
ing shall be fabricated in accordance with pard. K328.5.4
and examined in accordance with para. K341{4.

K307 VALVES AND SPECIALTY COMPONEITS

The following requirements for valves shall also be
met, as applicable) by other pressure containihg piping
components, such as traps, strainers, and seplarators.

K307.1. General

Presstire design of unlisted valves shall be| qualified
as required by para. K304.7.2.

K308 FLANGES, BLANKS, FLANGE FACINGSS, AND
GASKETS

K308.1 General

Pressure design of unlisted flanges shall b verified
in accordance with para. K304.5.1 or qudlified as
required by para. K304.7.2.

K308.2 Specific Flanges

K308.2.1 Threaded Flanges. Threaded flanges may
be used only within the limitations on threagled joints
in para. K314.

K308.2.2 Other Flange Types. Slip-on, sodket weld-
ing, and expanded joint flanges, and flanges [for flared
laps, are not permitted.

K308.3 Flange Facings

et P v HHo5E

design has been performance tested successfully as
required by para. K304.7.2(b) may be used within their
established ratings.

K306.2 Pipe Bends

K306.2.1 General. A bend made in accordance with
para. K332.2 and verified for pressure design in accor-
dance with para. K304.2.1 shall be suitable for the same
service as the pipe from which it is made.

The flange facing shall be suitable for the service and
for the gasket and bolting employed.

K308.4 Gaskets

Gaskets shall be selected so that the required seating
load is compatible with the flange rating and facing, the
strength of the flange, and its bolting. Materials shall
be suitable for the service conditions. Mode of gasket
failure shall be considered in gasket selection and joint
design.
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K308.5 Blanks

Blanks shall have a marking identifying material,
pressure-temperature rating, and size, which is visible
after installation.

K309 BOLTING

Bolting, including bolts, bolt studs, studs, cap screws,
nuts, and washers, shall meet the requirements of the

K314 THREADED JOINTS

K314.1 General

Except as provided in paras. K314.2 and K314.3,
threaded joints are not permitted as pipeline assembly
joints.

(a) Layout of piping should be such as to minimize
strain on threaded joints which could adversely affect
sealing.

|

I-Suppertsshall-be-designed-te iR mize

\§4

BPV Codg, Section VIII, Division 2, Article M-5. See also strain and vibration on th;‘eéz’;é;:a t.\;) ;r;}ts;l\rl{ dmseals
Appendix F, para. F309, of this Code. J '
K314.2 Special Threaded Joints
PART 4 Special threaded joints may be used toattach flanges
FLUID SERVICE REQUIREMENTS FOR PIPING JOINTS  or fittings for joints in which thejpipe end projects
K310 GENERAL through the flange or fitting a.nd is mac‘hmed to fo'rm
the sealing surface with a lens ring, cone ring, the mating
* Joints ghall be suitable for the fluid handled, and for ~ pipe end, or other similar sealing device.
the pressiire-temperature and other mechanical loadings -
expected|in service. K314.3 Other Threadedjoints
‘ Threaded joints not/in accordance with para. K314.2
: shall be used only for instrumentation, vents, dfains,
K311 WELDED JOINTS and similar parposes, and shall be not larger thah DN

K311.1 General
Welds
(a) We
(b) Pre|

thall conform to the following:
ding shall be in accordance with para. K328.
heating and heat treatment shall be in accor-
dance with paras. K330 and K331, respectively.

(c) Exdmination shall be in accordance with para.
K341.4, with acceptance criteria as shown in Table
K341.3.2.

K311.2 $pecific Requirements

K311.
Backing
shall not
specified

K311.

p.1 Backing Rings and Consumable Inserts.
Fings shall not be used. Consumable inserts
be used in butt welded joints except when
by the engineering desigr.

.2 Fillet Welds. Fillet welds may be used
only for $tructural attachments in accordance with the
requirements of paras, K321 and K328.5.2.

K311.2.3 OtherWeld Types. Socket welds and seal
welds arg not permitted.

K312 FLANGED JOINTS

15 (NPS Y3)-Such joints shall not be subject to befding
or vibration’loads.

K314.3.1 Taper-Threaded Joints. For mechd
strength, male-threaded components shall be at
Schedule 160 in nominal wall thickness. The no
thickness of Schedule 160 piping is listed in A
B36.10M for DN 15 (NPS 1/2) and in ASME B16.]
sizes smaller than DN 15 (NPS %).

K314.3.2 Straight-Threaded Joints. Threaded
in which the tightness of the joint is provided
seating surface other than the threads (e.g., constry
shown in Fig. 335.3.3) shall be qualified as requir
para. K304.7.2.

nical
least
minal
SME
1 for

oints
by a
ction
bd by

K315 TUBING JOINTS

Tubing joints of the flared, flareless, and compre
type are not permitted.

ssion

K316 CAULKED JOINTS

Caulked joints are not permitted.

Flanged joints shall be selected for leak tightness, con-
sidering the requirements of para. K308, flange facing
finish, and method of attachment. See also para. F312.

K312.1 Joints Using Flanges of Different Ratings
Paragraph 312.1 applies.

K313 EXPANDED JOINTS

Expanded joints are not permitted.
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K317 SOLDERED AND BRAZED JOINTS
K317.1 Soldered Joints

Soldered joints are not permitted.

K317.2 Brazed Joints

(a) Braze welded joints and fillet joints made 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.
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K304.7.2. Such application is the owner’s responsibility.
The melting point of brazing alloys shall be considered
when exposure to fire is possible.

K318 SPECIAL JOINTS

Special joints include coupling, mechanical, and gland
nut and collar types of joints.

PART 6
SYSTEMS

K322 SPECIFIC PIPING SYSTEMS

K322.3 Instrument Piping

K318.1 General

Joi
the r
Chap

hts may be used in accordance with para. 318.2 and
bquirements for materials and components in this
ter.

K318
K

.2 Specific Requirements

818.2.1 Prototype Tests. A prototype joint shall
have|been subjected to performance tests in accordance
with para. K304.7.2(b) to determine the safety of the joint
underr test conditions simulating all expected service
condjtions. Testing shall include cyclic simulation.

K3
joints

18.2.2 Prohibited Joints. Bell type and adhesive
are not permitted.

PART 5
FLEXIBILITY AND SUPPORT

K319 FLEXIBILITY

Fld
syste
forp
ment
ment

—_

xibility analysis shall be performed for each piping
m. Paragraphs 319.1 through 319.7 apply, except
hras. 319.4.1(c) and 319.4.5. The computed displace-
stress range shall be within the allowable displace-

stress range in para. K302.3-5 and shall also be

K322.3-1 Definition- ipi ithin the
scope of this Chapter includes all piping\@nd piping
components used to connect instruments;to high pres-

sure piping or equipment. Instruments, permanently
sealed fluid-filled tubing systems furnished with instru-
ments as temperature- or pressure-responsive devices,
and control piping for air or Hydraulically opefated con-
trol apparatus (not conneétéd directly to the high pres-
sure piping or equipmént) are not within the scope of
this Chapter.

K322.3.2~Requirements. Instrument pipi
the scope/of+this Chapter shall be in accord
para. 322.3.2 except that the design pressure an
aturéshall be determined in accordance with p
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.

hg within
ince with
d temper-
ara. K301,

K322.6 Pressure Relieving Systems

Paragraph 322.6 applies, except for para. 322.6.3.

K322.6.3 Overpressure Protection. Ovefrpressure

included in the fatigue analysis iftaecordance with para.  protection for high pressure piping systems shall con-
K3048. form to the following;:

(a) The cumulative capacity of the pressurd relieving

devices shall be sufficient to prevent the presfure from

K321 PIPING SUPRORT rising more than 10% above the piping desigr pressure

Piging support§ and methods of attachment shall be  at the operating temperature during the relieving condi-

in acfordance with para. 321 except as modified below, ~ tion for a single relieving device or more than 16% above

and ghall be.detailed in the engineering design. the design pressure when more than one devjce is pro-
vided, except as provided in (c) below.

K321.1:1 Objectives. Paragraph321.1.1applies, but (b) System protection must include one reljef device

substitute “Chapter” for “Code” in (a) set—at-or—below—the—design—pressure—at—the—operating

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.”
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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
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.
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PART 7
MATERIALS

K323 GENERAL REQUIREMENTS

(a) Paragraph K323 states limitations and required
qualifications for materials based on their inherent prop-
erties. Their use is also subject to requirements elsewhere
in Chapter IX and in Table K-1.

(b) Specific attention should be given to the manufac-

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
are defined in the applicable materials specification.

K323.1.6 Repair of Materials by Welding. A material
defect may be repaired by welding, provided that all of
the following criteria are met:

turing pfrocess to ensure uniformity ot properties
throughojut each piping component.
(c) See[para. K321.1.4 for support materials.

K323.1

K323.1.1 Listed Materials
(a) Any material used in a pressure-containing piping
componept shall conform to a listed specification, except
as provided in (b) below or in para. K323.1.2.
(b) Maferials manufactured to specification editions
different from those listed in Appendix E may be used,

aterials and Specifications

(1) the requirements for chemical composition and
heat-treaiment condition in the edition of the specifica-
tion to which the material was manufactured meet the
requirements of the listed edition

(2) the specified minimum tensile and yield
strengths| and, if applicable, the specified maximum ten-
sile and yjield strengths, required by the two editions of
the specification are the same, and

(3) the material has been tested and examined in
accordange with the requirements of the listed.edition
of the spgcification

A material that does not meet the requirements of
paras. K323.1.1(b)(1), (2), and (3) may be evaluated as
an unlist¢d material in accordance with-para. K323.1.2.

K323.1.2 Unlisted Materials. ( Ari unlisted material
may be uped, provided it confotms to a published speci-
fication dovering chemistry, \physical and mechanical
properties, method and-process of manufacture, heat
treatment, and quality¢ontrol, and otherwise meets the
requirements of this;Chapter. Allowable stresses shall be
determingd in agcordance with the applicable allowable
stress bagjis of-this Chapter or a more conservative basis.

K323.1¢3 Unknown Materials. Materials of

fe—Fhematerialspeciticationprovidestorweld
repair.

(b) The welding procedure and welders (0r-welding
operators are qualified as required by para./K3282.

(c) The repair and its examination,are’performied in
accordance with the material specifi¢ation and with the
owner’s approval.

K323.2 Temperature Limjtations

The designer shall yerity that materials which|meet
other requirements of this Chapter are suitable fojr ser-
vice throughout the operating temperature range. Atten-
tion is directed ‘to Note (4) in Appendix K, and |para.
K323.2.1 following. [Note (7) of Appendix A explains
the means.uised to set both cautionary and restrjctive
temperature limits for materials.]

teri-
ature
hown

K323.2.1 Upper Temperature Limits, Listed
als. A listed material may be used at a tempe
above the maximum for which a stress value is s
in Table K-1, but only if

(a) thereis no prohibition in Appendix K or elsewhere
in this Chapter

(b) the designer verifies the serviceability of the
rial in accordance with para. K323.2.4 and

(c) the upper temperature limit shall be less thgn the
temperature for which an allowable stress determined
in accordance with para. 302.3.2 is governed by the creep
or stress rupture provisions of that paragraph

mate-

K323.2.2 Lower Temperature Limits, Listed Materials
(a) The lowest permitted service temperature |for a
component or weld shall be the impact test tempegature
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 longjtudi-

unknown specification, type, or grade are not permitted.

K323.1.4 Reclaimed Materials. Reclaimed pipe and
other piping components may be used provided they
are properly identified as conforming to a listed specifi-
cation, have documented service history for the material
and fatigue life evaluation, and otherwise meet the
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.
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nal or citcumferential stress < 41 MPa (6 ksi), the fowest
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).

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
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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
(a) When an unlisted material is used, or when a listed
material is to be used above the highest temperature for
which stress values appear in Appendix K, the designer

than 41 MPa (6 ksi). In specifying the lowest metal tem-
perature, the following shall be considered:

(a) range of operating conditions

(b) upset conditions

(c) ambient temperature extremes

(d) required leak test temperature

(b) Where the largest possible test specimen has a

width along the notch less than the lesser of 80% of the
material thickness or 8 mm (0.315 in.), the test shall be

is re >l.)uuoi1ulc for dculuuohaiius the validﬂ_y ofthe
allowable stresses and other design limits, and of the
apprpach taken in using the material, including the deri-

vation of stress data and the establishment of tempera-

ture limits.

(b)| Paragraph 323.2.4(b) applies except that allowable
stres$ values shall be determined in accordance with
para|K302.3.

K323.3 Impact Testing Methods and Acceptance
Criteria
K323.3.1 General. Impact testing shall be per-

formed in accordance with Table K323.3.1 on representa-
tive pamples using the testing methods described in
parag. K323.3.2, K323.3.3, and K323.3.4. Acceptance cri-
teria |are described in para. K323.3.5.

K323.3.2 Procedure. Paragraph 323.3.2 applies.

K3
(a)

$23.3.3 Test Specimens
Each set of impact test specimens shall consist of
three| specimen bars. Impact tests shall be made using
standard 10 mm (0.394 in.) square cross séction Charpy
V-ndtch specimen bars oriented in the transverse
direction.

(b)| Where component size and70rshape does not per-
mit specimens as specified in (a) above, standard 10 mm
squafe cross-section longitudinal Charpy specimens
may pe prepared.

(c)] Where componentsize and / or shape does not per-
mit gpecimens as,spécified in (a) or (b) above, subsize
longitudinal Charpy specimens may be prepared. Test
templerature shall be reduced in accordance with Table
323.314. See-also Table K323.3.1, Note (6).

(d)| If_necessary in (a), (b), or (c) above, corners of
specimensparallel toand o i i
may be as shown in Fig. K323.3.3.

K323.3.4 Test Temperatures. For all Charpy impact
tests, the test temperature criteria in (a) or (b) below
shall be observed.

(a) Charpy impact tests shall be conducted at a tem-
perature 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
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conducted at a reduced temperature in accordhnce with
Table 323.3.4, considering the temperature a$ reduced
below the test temperature required by\(a) above.

K323.3.5 Acceptance Criteria

(a) Minimum Energy Requirements for Materfials Other
Than Bolting. The applicable{minimum impact energy
requirements for materialsishall be those showjn in Table
K323.3.5. Lateral expansion shall be measured in accor-
dance with ASTM A 370 (for title see para. 323.3.2). The
results shall be included in the impact test rejport.

(b) Minimum BEuergy Requirements for Bolting|Materials.
The applicablé minimum energy requirements shall be
those sheWn-/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 erfergy.

(d) Retests

(1) Retest for Absorbed Energy Criteria. When the
average value of the three specimens equals gr exceeds
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 valye for one
specimen is below the minimum value permitted for a
single specimen, a retest of three additional gpecimens
shall be made. The value for each of these refest speci-
mens shall equal or exceed the required avergge value.

(2) Retest for Erratic Test Results. When an erratic
result is caused by a defective specimen or ufcertainty
in the test, a retest will be allowed. The report giving test
results shall specifically state why the original[specimen
was considered defective or which step of the flest proce-
dure was carried out incorrectly.

K323.4.1 General.
apply to pressure-containing parts, not to materials used
as supports, gaskets, packing, or bolting. See also
Appendix F, para. F323.4.

Requirements in para. K323.4

K323.4.2 Specific Requirements

(a) Ductile iron and other cast irons are not permitted.

(b) Zinc-coated materials are not permitted for pres-
sure containing components and may not be attached
to pressure-containing components by welding.
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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
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
df specimens axis. [See Note (3).] rolling or to direction of ASTM A 320 shall meet the
[kee Note (2)] (b) Where component size and/ major working during forging. impact requirements 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 other bolts; longitudinal
above, paras. K323.3.3(b), elongation or major working. specimens shall be taken. The
" (©), and (d) apply as needed. (b) If there is no single identifi- impact-values obtained $hall
© able axis, e.g., for castings or meet the‘transverse values of
§ triaxial forgings, specimens Table'K323.3.5.
'E“ shall either meet the longitu-
s dinal values of Table
) K323.3.5, or three sets of
§ orthogonal specimens shall
be prepared, and the lowest
impact values obtained\from
any set shall meetthe trans-
verse values of Jable
K323.3.5.
(c) Where component size and/
or shape.does not permit
specimens as specified in (a)
or (b)yabove, paras.
K823.3.3(c) and (d) apply as
needed.

Test pieces Test pieces for preparation of impactispecimens shall be made for each welding procedure, type of elecfrode,

[kee Note (5)] or filler metal (i.e., AWS E-XXXX'classification) and each flux to be used. All test pieces shall be subjegt to
- heat treatment, including.cooling rates and aggregate time at temperature or temperatures, essentially the
ié' same as the heat treatment'which the finished component will have received.
§ Number of test (1) One test piece with'a thickness T for each range of material thicknesses which can vary from Y% Tto [T + 6
< fieces [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 certified
‘é material‘of the same thickness ranges and to the same specification (type and grade, not heat or lof)
._é have,been tested as required and the records of those tests are made available.
E Lodation and (DsWeld metal impact specimens shall be taken across the weld with the notch in the weld metal. Each|speci-
“ drientation men shall be oriented so that the notch axis is normal to the surface of the material and one face of the
o df specimens specimen shall be within 1.5 mm (Y¢ in.) of the surface of the material.
E (2) Heat affected zone impact specimens shall be taken across the weld and have sufficient length to Idcate
g the notch in the heat affected zone, after etching. The notch shall be cut approximately normal to the
‘5 material surface in such a manner as to include as much heat affected zone material as possible in [the
= resulting fracture.

(3) The impact values obtained from both the weld metal and heat affected zone specimens shall be cdm-
pared to the transverse values in Table K323.3.5 for the determination of acceptance criteria.
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Table K323.3.1
NOTES:

Impact Testing Requirements (Cont’d)

(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,

additional test pieces shall be prepared.

(5) Fgrwelds in the fabrication of assembly of piping of COMpONents, INcluding repair welds.

(6) Infpact tests are not required when the maximum obtainable longitudinal Charpy specimen has a width along the notch.}ésq than 2.5

mm (0.098 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
mpx. \
% !
2.5 mm (0.10in.)
min. /

GENERAL NOTE: This Figure illustrates how an.acceptable transverse
Charpy specimen can be obtained from a tdbihg or component shape
too small for a full length standard specimen in accordance with
ASTM JA 370. The corners of a longittdinal specimen parallel to and
on thq side opposite the notch may,be as shown.
NOTE:
(1) Cdrners of the Charpy specimen [see para. K323.3.3(d)] may
follow the contour of the component within the dimension
limits shown.

K323.4.3'Metallic Clad and Lined Materials. Materi-
als with~metallic cladding or lining may be used in

(b) Fabrication by welding of clad or lingd piping
components and the inspectienrand testing of guch com-
ponents shall be done in{accordance with gpplicable
provisions of the BPV «Code, Section VIII, Division 1,
UCL-30 through UCEZ52, and the provisions of this
Chapter.

(c) If a metalli€ Jiner also serves as a gasket|or as part
of the flange-facing, the requirements and lim{tations in
para. K308:4apply.

K323.5, Deterioration of Materials in Servicd
Paragraph 323.5 applies.

K325 MISCELLANEOUS MATERIALS
Paragraph 325 applies.

PART 8
STANDARDS FOR PIPING COMPONENTS

K326 DIMENSIONS AND RATINGS OF
COMPONENTS

Paragraph 326 applies in its entirety, except gs follows:
(a) Refer to Table K326.1 instead of Table 326.1.

(b) Refer to Appendix K instead of Appenglix A.

(c) Refer to para. K303 instead of para. 303.
(d) Refer to para. K304 instead of para. 304.

PART 9
FABRICATION, ASSEMBLY, AND ERECT|ION

K327 GENERAI

accordance wittrthefoltowing provisiors:

(a) For metallic clad or lined piping components, the
base metal shall be an acceptable material as defined in
para. K323, and the thickness used in pressure design
in accordance with para. K304 shall not include the thick-
ness of the cladding or lining. The allowable stress used
shall be that for the base metal at the design temperature.
For such components, the cladding or lining may be any
material that, in the judgment of the user, is suitable for
the intended service and for the method of manufacture
and assembly of the piping component.

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.

K328 WELDING

Welding which conforms to the requirements of para.
K328 may be used in accordance with para. K311.
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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 R
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 X 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.

mm (0.394 in.).

K328.1 Welding Responsibility

Each employer is responsible for the welding dene
by the pdrsonnel of his organization and shall.eonduct
the tests fequired to qualify welding procedures; and to
qualify aind as necessary requalify welderstand welding
operatory.

K328.2 Welding Qualifications

K328.2.1 Qualification Requirements. Qualification
of the welding procedures topbetised and of the perform-
ance of yelders and welding operators shall comply
with the|requirements\of the BPV Code, Section IX,
except as| modified<herein.

(a) Impact testséshall be performed for all procedure
qualifications-in;accordance with para. K323.3.

(b) Tes}weldments shall be made using the same spec-

(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

minimum yield strength at room temperature (Sy) for
the base metals joined. Where two base metals having
different Sy values are joined by welding, the [yield
strength of each test specimen shall be not less thgn the
lower of the two Sy values.
(e) Mechanical testing is required for all performance
qualification tests.
(f) Qualification on pipe or tubing shall also qtalify
for plate, but qualification on plate does not qualify for
pipe or tubing.
(g) For thickness greater than 51 mm (2 in.), the groce-
dure test coupon shall be at least 75% as thick gs the
thickest joint to be welded in production.
(h) Paragraph 328.2.1(f) applies.

K328.2.2 Procedure Qualification by Others. Quali-
fication of welding procedures by others is nof per-

ification ard—typeorgradeof basemretat(s);amd—the
same specification and classification of filler metal(s) as
will be used in production welding.

(c) Test weldments shall be subjected to essentially
the same heat treatment, including cooling rate and
cumulative time at temperature, as the production
welds.

(d) When tensile specimens are required by Section
IX, the yield strength shall also be determined, using the
method required for the base metal. The yield strength of
each test specimen shall be not less than the specified
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mitted.

K328.2.3 Performance Qualification by Others.
Welding performance qualification by others is not per-
mitted.

K328.2.4 Qualification Records. Paragraph 328.2.4
applies.

K328.2.5 DELETED
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Table K326.1 Component Standards

Standard or Specification Designation
Bolting
Square and Hex Bolts and Screws, Inch Series; Including Hex Cap Screws and Lag Screws. . . . .. ... ... ... ASME B18.2.1
Square and Hex Nuts (Inch Series) . . . . . . . . i i i 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 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 SME B16.9
Forged Fittings, Socket Welding and Threaded [Note (1)] . . . . . . . . . . o i i i i i i i e e et e e A$ME B16.11
Valved—Flanged, Threaded, and Welding End [Note (1)]. . . . . . . . . . . i i i i i i it i e e e e i e b A$ME B16.34
Standgrd Marking System for Valves, Fittings, Flanges, and Unions . . . . . .. ... ... ... ... .......;N. MSS SP-25
High Rressure Chemical Industry Flanges and Threaded Stubs for Use with Lens Gaskets. . . . . ... ... ' ". . MSS SP-65
Metallic Pipe and Tubes
Weldefd and Seamless Wrought Steel Pipe [Note (1)] . . . . . . . . . oo i oo T o ASME B36.10M
Stainlgss Steel Pipe [Note (1)] . . . . . o v i i e e A ASME B36.19M
Miscellaneous
Threading, Gauging, and Thread Inspection of Casing, Tubing, and Line Pipe Threads . . . . .. ... ......... API| 5B
Unifiefl Inch Screw Threads (UN and UNR Thread Form) . . . ... ... ... &0 . . ... ... .. .. ... .... ASME B1.1
Pipe Threads, General Purpose (INch) . . . . . . . o i i i i e e P e e e e e e e e e ASME B1.20.1
Metalljc Gaskets for Pipe Flanges. . . . . . . . . . .. .o N A$ME B16.20
Buttwelding Ends . . . . . . . L e A$ME B16.25
Surfage Texture (Surface Roughness, Waviness, and Lay). . . . . (20 v v v v i i e e e e e e e e e SME B46.1

GENERAL NOTE:
refere

NOTE:

It is not practical to refer to a specific edition of

(1) THe use of components made in accordance with these standards is permissible provided they meet all of the requirements|

CHapter.

K328.3 Materials

K328.3.1 Filler Metal,~Filler metal shall be specified
e engineering design and shall conform to the

shall not be used.

K328.3.3 Consumable Inserts. Paragraph 328.3.3
applies, except that procedures shall be qualified 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
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each standard throughout the Code text. Instead, the apprdved edition

of this

(1) Butt weld end preparation is acceptaiie only if
the surface is machined or ground to bright ietal.

(2) Butt welding end preparation confained in
ASME B16.25 or any other end preparation which meets
the procedure qualification is acceptable. [Fpr conve-
nience, the basic bevel angles taken from B16.25, with

some additional J-bevel angles, are shown in Fjg. 328.4.2
sketches (a) and (b).]
(b) Circumferential Welds
omponen e-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
misalignment, 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 size to improve alignment, if wall thickness
requirements are maintained.

(3) Where necessary, weld metal may be deposited
on the inside or outside of the component to permit
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Fig. K328.4.3 Pipe Bored for Alignment: Trimming
and Permitted Misalignment

28mm (Y in.) —»-l
A N\
A AN

/>
Round corner ~
Permitted misalignment

< 1.5 inm (Y45 in.). See WPS.

alignmenft 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 Wall thickness in ASME B16.5.

K328.4.3 Alignment

(a) Girth Butt Welds

(1) Inside diameters of components at the ends to
be joined(shall be aligned within the dimensional limits
in the wglding procedure and the engineering design,
except that no more than 1.5 mm (¥ in.) misalignment
is permitted as shown in Fig. K328.4.3.

(2) If the external surfaces of the two componénts
are not aligned, the weld shall be tapered betweer’ the
two surfgces with a slope not steeper than 1:4.

(b) Longitudinal Butt Joints. Preparation for longitudi-
nal butt welds (not made in accordance-with a standard
listed in Table K-1 or Table K326.1) shall‘conform to the
requirements of para. K328.4.3(a).

(c) Brajich Connection Welds

(1) The dimension min Fig. K328.5.4 shall not
exceed +].5 mm (Y, in.).

(2) The dimensiong<in Fig. K328.5.4 shall be speci-
fied in the engineering’ design and the welding pro-
cedure.

K328.5 ‘Kelding Requirements
K328- . Il- T}ltf ltfl.iuilcllltflli.b U[ Pdldb.

except that those which have cracked shall be removed.
Bridge tacks (above the root) shall be removed.

K328.5.2 Fillet Welds. Fillet welds, where permitted
(see para. K311.2.2), shall be fused with and shall merge
smoothly into the component surfaces.

K328.5.3 Seal Welds. Seal welds are not permitted.

K328.5.4 Welded Branch Connectlons Branch con-
ara gothly

contoured full penetrat1on groove welds of a de51g h that
permits 100% interpretable radiographic examirfation
are the only types acceptable.
Figure K328.5.4 shows acceptable details of welded
branch connections. The illustrations ate typical arjd are
not intended to exclude acceptablétypes of constryction
not shown.

K328.5.5 Fabricated Laps:
permitted.

Fabricated laps ate not

K328.6 Weld Repair

Paragraph 328.6 applies, except that procedurey and
performance shall be qualified as required by para.
K328.2.1¢See also para. K341.3.3.

K330° PREHEATING

K330.1 General

The requirements in para. K330 apply to all types of
welding, including tack welds and repair welds.

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 various P-
Number materials shall be not less than those shojvn in
Table 330.1.1, including those shown as “Refom-
mended.” The suitability of the preheat tempesature
shall also be demonstrated by the procedure qualifica-
tion. For joints of dissimilar thickness, the nomina| wall
thickness stated in Table 330.1.1 shall be that gf the
thicker component at the joint.

K330.1.2 Unlisted Materials. Preheat requirements
for an unlisted material shall be specified in the ]{\‘/PS.

328.5.1(b), (d), (e), and (f) apply in addition to the
requirements specified below.

(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,

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
WPS is obtained prior to and maintained during weld-
ing. Temperature-indicating materials and techniques
shall not be detrimental to the base metals.

K330.1.4 Preheat Zone. The preheat zone shall
extend at least 25 mm (1 in.) beyond each edge of the
weld.
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Fig. K328.5.4 Some Acceptable Welded Branch Connections Suitable for 100% Radiography

i

— —¢-Branch

K330.2 Specific Requirements
Paragraph 330.2 applies in its entirety.

K331 HEAT TREATMENT
The text introducing 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
specified below.

(a)] Heat treatment is<equired for all thicknesses of
P-Nags. 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
high¢r than.28°C (50°F) below the tempering tempera-
ture pf th€&material.

(c)LLéngitudinal welds in quenched and tempered

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, regprdless 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 (% if.) or less,
regardless of base metal thickness, provided that not
less than the recommended minimum preheat s 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 harflen. Aus-
tenitic welding materials may be used for welds to fer-
ritic materials when the effects of service cpnditions,
such as differential thermal expansion due tg elevated

material shall be heat treated in accordance with the
applicable material specification.

K331.1.3 Governing Thickness. When components
are joined by welding, the thickness to be used in
applying the heat treatment provisions of Table 331.1.1
shall be that of the thicker component measured at the
joint, except as follows:

In the case of fillet welds used for attachment of exter-
nal nonpressure parts, such as lugs or other pipe-
supporting elements, heat treatment is required when

temperature, or corrosion, will not adversely affect the
weldment.

K331.1.4 Heating and Cooling. Paragraph 331.1.4
applies.

K331.1.6 Temperature Verification. Heat 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.
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K331.1.7 Hardness Tests.
applies.

Paragraph 331.1.7

K331.2 Specific Requirements
Paragraph 331.2 applies in its entirety.

K332 BENDING AND FORMING
K332.1 General

(e) description of forming apparatus and procedure
to be used

(f) materials and procedures used to provide internal
support during forming

(¢) examination to be performed

(h) required heat treatment

K332.4 Required Heat Treatment
K332.4.1 HotBending and Forming. After hot bend-

Pipe shall be hot or cold bent in accordance with a
written pgrocedure to any radius which will result in
surfaces free of cracks and free of buckles. The procedure
shall addlress at least the following, as applicable:

(a) mdterial specification and range of size and
thickness|

(b) range of bend radii and fiber elongation

(c) mirjimum and maximum metal temperature dur-
ing bending

(d) method of heating and maximum hold time

(e) desfription of bending apparatus and procedure
to be usefd

(f) mandrels or material and procedure used to fill
the bore

(g) me
surfaces

(h) examination to be performed

(i) reqiiired heat treatment

(j) postheat treatment dimensional adjustment tech-
nique

hod for protection of thread and machined

K332.2 Bending

K332.2.1 Bend Flattening. The differencé between
the maxignum and the minimum diameters at.any cross
section of a bend shall not exceed 8% of nominal outside
diametet for internal pressure and 8% for external
pressure.

K332.p.2 Bending Temperature. Paragraph 332.2.2
applies, g¢xcept that in cold\bending of quenched and
tempered ferritic materials; the temperature shall be at

least 28°C (50°F) belowthe tempering temperature.
K332.3 §

Piping
with a w

orming

components shall be formed in accordance
ritten“procedure. The temperature range shall

g 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)temjpera-
tures shall be in accordance with para,-3317 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\Morming, heat treaf
in accordance with (b) belew is required, regardl
thickness, when specified in the engineering design or
when the maximum calculated fiber elongation exfeeds
5% strain or 50% 0fthe basic minimum specified longitu-
dinal elongatien\for the applicable specification, grade,
and thickness for P-Nos. 1 through 6 materials (4nless
it has been demonstrated that the selection of thd pipe
and thesprocedure for making the components prpvide
assutance that the most severely formed portion ¢f the
malterial has retained an elongation of not less than [L0%).

(b) Heat treatment is required regardless of thickness
and shall conform to the temperatures and durdtions
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

K333 BRAZING AND SOLDERING

Brazing shall be in accordance with para. 333
owner shall specify examination requirement
brazed joints.

The
s for

K335 ASSEMBLY AND ERECTION
K335.1 General
Paragraph 335.1 applies.

K335.2 Flanged Joints

be consistert-with-material-characteristiesend-tse-and
specified heat treatment. The thickness after forming
shall be not less than required by design. The procedure
shall address at least the following, as applicable:

(a) material specification and range of size and
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
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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

Special joints (as defined in para. K318) shall be
installed and assembled in accordance with the manu-
facturer’s instructions, as modified by the engineering
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design. Care shall be taken to ensure full engagement
of joint members.

K335.5 Cleaning of Piping
See Appendix F, para. F335.9.

PART 10
INSPECTION, EXAMINATION, AND TESTING

of startup, operation, and shutdown will be accommo-
dated without undue binding or unanticipated con-
straint.

(b) Pressure-Containing Threads. 100% examination for
finish and fit is required. Items with visible imperfec-
tions in thread finish and/or the following defects shall
be rejected:

(1) Tapered Threads. Failure to meet gaging require-
ments in API Spec 5B or ASME B1.20.1, as applicable.

K340 INSPECTION
Patagraphs 340.1 through 340.4 apply.

K341 EXAMINATION
Patagraphs 341.1 and 341.2 apply.

K341.3 Examination Requirements

KB41.3.1 General. Prior to initial operation, 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 conducted after its
completion.

KB41.3.2 Acceptance Criteria. Acceptance criteria
shall|be as stated in the engineering design and shall at
least [meet the applicable requirements stated in (a) and
(b) below, and elsewhere in this Chapter.

(a)] Table K341.3.2 states acceptance criteria (limits on
impefrfections) for welds. See Fig. 341.3.2 for typical weld
impeyrfections.

(b)| Acceptance criteria for castings are_specified in
para|K302.3.3.

K341.3.3 Defective Components and Workmanship
(a)| Defects (imperfections of atype 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 tq any-greater extent specified in the engineering
design.

(Z) Straight Threads. Excessively loose.o} tight fit
when gaged for light interference fit.

K341.4.2 Radiographic Examination
(a) All girth, longitudinal, and branch cqnnection
welds shall be 100% examined. as specified in para.
K344.5.
(b) Ultrasonic examination shall not be sybstituted
for radiography, but may\supplement it.
(c) In-process examination (see para. 344.7) shall not
be substituted forradiography.

K341.4.3 <Certifications and Records. TPlaragraph
341.4.1(c) applies.

K341.5,Supplementary Examination

Any of the examination methods describedl in para.
K844 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.
applies.

Paragraph 341.5.2

K341.5.2 Examinations to Resolve Unceitainty.
Paragraph 341.5.3 applies.

K342 EXAMINATION PERSONNEL
Paragraph 342 applies in its entirety.

K343 EXAMINATION PROCEDURES
Paragraph 343 applies. See also para. 344.6{1.

K341.4.1 Visual Examination
(a) Therequirements of para. 341.4.1(a) apply with the
following exceptions in regard to extent of examination:

(1) Materials and Components. 100%.

(2) Fabrication. 100%.

(3) Threaded, Bolted, and Other Joints. 100%.

(4) Piping Erection. All piping erection shall be
examined to verify dimensions and alignment. Supports,
guides, and points of cold spring shall be checked to
ensure that movement of the piping under all conditions

K344 TYPES OF EXAMINATION

K344.1 General

Paragraphs 344.1.1 and 344.1.2 apply. In para. 344.1.3,
terms other than “100% examination” apply only to
supplementary examinations.

K344.2 Visual Examination
Paragraph 344.2 applies in its entirety.

(06)
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Table K341.3.2 Acceptance Criteria for Welds

Criteria (A-E) for Types of Welds, and for Required
Examination Methods [Note (1)]

Type of Weld

Methods Longitudinal Branch
Type of 100% Girth Groove Fillet Connection
Imperfection Visual Radiography Groove [Note (2)] [Note (3)] [Note (4)]
Crack X X A A A
Lack of fusfon X X A A A \
Incomplete|penetration X X A A A A\
Internal pofosity X B B NA B
Slag inclusion or elongated indication - 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 finish X E E E E
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 Acceptable Value Limits [Note (5)]

A Extent of imperfection Zero, (no evident imperfection)

B Size and distribution of internal porosity See BPV Code, Section VIII, Division 1, Appendix 4

C Slag inclusion or elongated indication

Individual length < fw /4 and < 4 mm (%4, in.)
Individual width <Ty /4 and < 2.5 mm (%, in)
Cumulative length <Tyinany 12 T, weld length

D Depth of surface concavity Total joint thickness including weld reinforcement,
>T,
E Surface roughness <12.5 pm R, (500 pin. R, per ASME B46.1)
F Height of reinforcement or (internal protrusion [Note (6)] Wall Thickness External Weld Reinforcempnt
in any plane through thé, weld shall be within the T, mm (in.) or Internal Weld Protrusipn
limits of the applicable height value in the tabula- 1
< 1
tion at the rightzWeld metal shall be fused with and =13 (1/2) 15 (1/16)
\ > 13 (4) and <51 (2) 3 (%)
merge smoothly-ihto the component surfaces. 5
>51 4 (A2

NOTES:

(1) Criteria given areor required examination. More stringent criteria may be specified in the engineering design.

@) I;ongitudinal welds include only those permitted in paras. K302.3.4 and K305. The radiographic criteria shall be met by all welds
iincludi g those made in accordance with a standard listed in Table K326.1 or in Appendix K.

(3) Fillet welds ctude only those permitted m para. 311.2.50).

(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. TW is the nominal wall thickness of the thinner of
two components joined by a butt weld.

(6) For groove welds, height is the lesser of the measurements made from the surfaces of the adjacent components. For fillet welds,
height is measured from the theoretical throat; internal protrusion does not apply. Required thickness t, shall not include reinforce-
ment or internal protrusion.
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K344.3 Magnetic Particle Examination

The method for magnetic particle examination shall
be as specified in

(a) paragraph K302.3.3(b) for castings

(b) BPV Code, Section V, Article 7 for welds and other
components

K344.4 Liquid Penetrant Examination

The method for liquid penetrant examination shall be

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 §,
subject to the following specific requirements:

as specified in

(a)| paragraph K302.3.3(b) for castings

(b)| BPV Code, Section V, Article 6 for welds and 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 V, Article 2 for welds and other
components

K344.6 Ultrasonic Examination

K3
inati
(a)
(b)
(c)
K3
tubin
K305
100%

44.6.1 Method. The method for ultrasonic exam-
n shall be as specified in

paragraph K302.3.3(c) for castings

paragraph 344.6.1 for welds and other components
paragraph K344.6.2 for pipe

44.6.2 Examination of Pipe and Tubing. Pipe.and
g, required or selected in accordance with“Iable
1.2 to undergo ultrasonic examination, shall pass a
examination for longitudinal defectsin accordance
with|[ASTM E 213, Ultrasonic Examination 6f Metal Pipe
and [fubing. The following specific aequirements shall
be mfet:

(a)] A calibration (reference) standard shall be pre-
pared from a representative sample. Longitudinal (axial)
refer¢nce notches shall be.introduced on the outer and
inner surfaces of the stahdard in accordance with Fig.
f E 213 to a depth not greater than the larger of
m (0.004 in() or 4% of specimen thickness and a
not more-than 10 times the notch depth.

reinfOr
to this exam1nat1on.)

K344.6.3 Acceptance Criteria.

Any indication
greater than that produced by the calibration notch rep-
resents a defect; defective pipe and tubing shall be
rejected.

K344.6.4 Records. For pipe and tubing which pas-
ses this examination, records specified in Supplemental
Requirement S5 of ASTM E 213 shall be prepared. [See
para. K346.2(g).]
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(m—Cotddrawmaustenitic staintess steet pipg and tub-
ing, selected in accordance with Table K305:02 for eddy
current examination, shall pass a 100%, examipation for
longitudinal defects.

(b) A calibration (reference) standard sha
pared from a representative $ample. A lon
(axial) reference notch shall bé /introduced on
surface of the standard t@'d,depth not greate
larger of 0.1 mm (0.00411:) or 5% of specimen
and a length not mere-than 6.4 mm (0.25 in.)

1 be pre-
pitudinal
the inner
than the
thickness

K344.8.2 Acceptance Criteria. Any irnldication
greater than-that produced by the calibration fotch rep-
resents a“defect; defective pipe or tubing shall be
rejected:

K344.8.3 Records. For pipe and tubing w
ses-this examination, a report shall be prep
ificludes at least the following information:

(a) material identification by type, size, lot

(b) listing of examination equipment and a

(c) details of examination technique (includ
ination speed and frequency) and end effects

(d) description of the calibration standard,
dimensions of the notch, as measured

(e) examination results

hich pas-
ared that

heat, etc.
Fcessories
ng exam-
if any
including

K345 TESTING
K345.1 Required Leak Test

Prior to initial operation, each piping systemn shall be
leak tested.

(a) Each weld and each piping componer
bolting and individual gaskets to be used d
system assembly, shall be hydrostatically or p
cally leak tested in accordance W1th para.

4 o a ordtcting the
test shall ensure that during the required leak testing of
components and welds, adequate protection is provided
to prevent injury to people and damage to property from
missile fragments, shock waves, or other consequences
of any failure which might occur in the pressurized
system.

(b) In addition to the requirements of (a) above, a leak
test of the installed piping system shall be conducted
at a pressure not less than 110% of the design pressure
to ensure tightness, except as provided in (c) below.

nt, except
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(c) If the leak test required in (a) above is conducted
on the installed piping system, the additional test in (b)
above is not required.

(d) For systems that are all welded, the closing weld
may be leak tested in accordance with para. 345.2.3(c).

(e) None of the following leak tests may be used in
lieu of the leak tests required in para. K345.1:

(1) initial service leak test (para. 345.7)
(2) sensitive leak test (para. 345.8), or

K345.5 Pneumatic Leak Test

Paragraph 345.5 applies, except para. 345.5.4. See para.
K345.5.4 below.

K345.5.4 Test Pressure. The pneumatic test pres-
sure for components and welds shall be identical to that
required for the hydrostatic test in accordance with para.
K345.4.2.

(3) dlternative leak test (para. 345.9)

K345.2 General Requirements for Leak Tests

hphs 345.2.3 through 345.2.7 apply. See below
K345.2.1 and K345.2.2.

Paragr
for paras

K345.
(a) Th
would prf
yield strd

.1 Limitations on Pressure
ough-Thickness Yielding. If the test pressure
pduce stress in excess of the specified minimum
ngth throughout the thickness of a compo-
nent'’ at fest 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 which will not exceed the
specified |minimum yield strength.

(b) Theg provisions of paras. 345.2.1(b) and (c) apply.

K345)2.2 Other Test Requirements. Paragraph
345.2.2 agplies. In addition, the minimum metal temper-
ature duting testing shall be not less than the impact

test templerature (see para. K323.3.4).

K345.3 Preparation for Leak Test

Paragraph 345.3 applies in its entirety.

K345.4 KHydrostatic Leak Test

Paragraph 345.4.1 applies. See parastK345.4.2 and
K345.4.3 below.

K345.4.2 Test Pressure for Comiponents and Welds.
The hydiostatic test pressure $hall be as calculated in
paras. 345.4.2(a) and (b), excluding the limitation of 6.5
for the rﬂ:‘aximum value-0f5S7/S, and using allowable
stresses from Table K~149n eq. (24), rather than stress
values fr¢m Table A1

K345.4.3 Hydrostatic Test of Piping With Vessels as
a System{ DRaragraph 345.4.3(a) applies.

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 6f the piping{shall
not exceed the limits stated in para..JK345.4.2.

K346 RECORDS

K346.1 Responsibility.

It is the responsibility of the piping designer, thejman-
ufacturer, the fabricator, and the erector, as appli¢able,
to prepare thetecords required by this Chapter and by
the engineering design.

K346:2~Required Records

At least the following records, as applicable, shpll be
provided to the owner or the Inspector by the pprson
responsible for their preparation:

(a) the engineering design

(b) material certifications

(c) procedures used for fabrication, welding
treatment, examination, and testing

(d) repair of materials including the procedure
for each, and location of repairs

(e) performance qualifications for welders and
ing operators

(f) qualifications of examination personnel

(g) records of examination of pipe and tubing fof lon-
gitudinal defects as specified in paras. K344.6.4 and
K344.8.3

heat
used

weld-

K346.3 Retention of Records

The owner shall retain one set of the required refords

10 See para. " ROUET.Z, TOOMNOTE &.
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PIPING AND BOLTING MATERIALS
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Specification Index for Appendix A

Spec.
No.

Title

Spec.
No.

Title

ASTM
A 36
A 47

A48
A 53

A 105

A 106

A 126

A 134

A 135
A 139

A 167
A 179
A 181
A 182
A 197
A 202
A 203
A 204

A 216

A 217

A 234

A 240

A 268

A 269

A 278

A 283

A 285

A 299

Copyright ASME International

ASTM (Cont’d)

Pipe

es

otch
lex)

jire-

kel,

bl

=

Cor-

es

di-

Structural Steel A 302 Pressure Vessel Plates, Alloy Steel, Manganese-
Ferritic Malleable Iron Castings Molybdenum and Manganese-Molybdenum-Nickel
Gray Iron Castings A 312 Seamless and Welded Austenitic Stainless Steel
Pipe, Steel, Black and Hot-Dipped, Zinc Coated, A 333 Seamless and Welded Steel Pipe for Low-Tempera-
Wetded and Seamtess TUTe SErvice
A 334 Seamless and Welded Carbon and Alloy-Stee[\Tu
Forgings, Carbon Steel, for Piping Components for Low-Temperature Service
Seamless Carbon Steel Pipe for High-Temperature A 335 Seamless Ferritic Alloy Steel Pipe for High:
Service Temperature Service
Gray Cast Iron Castings for Valves, Flanges, and Pipe A 350 Forgings, Carbon and Low-Alloy Steel-Requiring
Fittings Toughness Testing for Piping Components
Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS A 351 Steel Castings, Austenitic, Austenitic-Ferritic (Dug
16 and Over) for Pressure-ContainingParts
Electric-Resistance-Welded Steel Pipe A 352 Steel Castings, Ferritictand Martensitic, for Press
Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Containing Parts Stitable for Low-Temperature
Over) Service
Stainless and Heat-Resisting Chromium-Nickel Steel A 353 Pressure Vessel,Plates, Alloy Steel, 9 Percent Nig
Plate, Sheet and Strip DoubledNormalized and Tempered
Seamless Cold-Drawn Low-Carbon Steel Heat- A 358 ElectriczFusion-Welded Austenitic Chromium-Nick
Exchanger and Condenser Tubes Altoy Steel Pipe for High-Temperature Service
Forgings, Carbon Steel For General Purpose Piping A 369 Carbon Steel and Ferritic Alloy Steel Forged and
Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fit- Bored Pipe for High-Temperature Service
tings, and Valves and Parts for High-Temperature A 376 Seamless Austenitic Steel Pipe for High-Tempera
Service Central-Station Service
Cupola Malleable Iron A 381 Metal-Arc-Welded Steel Pipe for Use with High-
Pressure Transmission Systems
Pressure Vessel Plates, Alloy Steel, Chromium- A 387 Pressure Vessel Plates, Alloy Steel, Chromium-
Manganese-Silicon Molybdenum
Pressure Vessel Plates, Alloy Steel, Nickel A 395 Ferritic Ductile Iron Pressure-Retaining Castings f
Pressure Vessel Plates, Alloy Steel, Molybdenum Use at Elevated Temperatures
Steel Castings, Carbon, Suitable for Fusion Welding
for High-Temperature Service A 403 Wrought Austenitic Stainless Steel Piping Fittingd
Steel Castings, Martensitic Stainless and, Alloy, for A 409 Welded Large Diameter Austenitic Steel Pipe for
Pressure-Containing Parts Suitable~fer*High- rosive or High-Temperature Service
Temperature Service A 420 Piping Fittings of Wrought Carbon Steel and Allo
Piping Fittings of Wrought Carbon-Steel and Alloy Steel for Low-Temperature Service
Steel for Moderate and Elevated Temperatures A 426 Centrifugally Cast Ferritic Alloy Steel Pipe for High-
Heat-Resisting Chromium_‘and Chromium-Nickel Stain- Temperature Service
less Steel Plate, Sheet,and Strip for Pressure A 451 Centrifugally Cast Austenitic Steel Pipe for High-T]
Vessels perature Service
Seamless and Welded Ferritic Stainless Steel Tubing A 479 Stainless and Heat-Resisting Steel Bars and Sha
for GenerakSemwice for Use in Boilers and Other Pressure Vessels
Seamless/and Welded Austenitic Stainless Steel Tub- A 487 Steel Castings Suitable for Pressure Service
ing forGeneral Service A 494 Castings, Nickel and Nickel Alloy
Gray-lron’ Castings for Pressure-Containing Parts for
Temperatures Up to 650°F A 515 Pressure Vessel Plates, Carbon Steel, for Interme
Low and Intermediate Tensile Qf'rnngfh Carbon Steol ate. and Highar.Tﬂmpnr:hlrn Service
Plates, Shapes and Bars A 516 Pressure Vessel Plates, Carbon Steel, for Moderate-
Pressure Vessel Plates, Carbon Steel, Low- and Inter- and Lower-Temperature Service
mediate-Tensile Strength A 524 Seamless Carbon Steel Pipe for Atmospheric and
Pressure Vessel Plates, Carbon Steel, Manganese- Lower Temperatures
Silicon A 537 Pressure Vessel Plates, Heat-Treated, Carbon-
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Specification Index for Appendix A (Cont’d)

Spec.
No.

Title

Spec.

No.

Title

ASTM (Cont’d)

ASTM (Cont’d)

wn

lloy (UNS

A 553 Pressure Vessel Plates, Alloy Steel, Quenched and B 169 Aluminum Bronze Plate, Sheet, Strip, and Rolled Bar
Tempered 8 and 9 Percent Nickel B 171 Copper-Alloy Condenser Tube Plates
A 570 Hot-Rolled Carbon Steel Sheet and Strip, Structural B 187 Copper Bar, Bus Bar, Rod, and Shapes
Quality B 209 Aluminum and Aluminum-Alloy Sheet and Plate
A 571 AUSTenitic DUctle Ifon Castings for Pressure- B2T0 AUMMUM-AITOY DTawn Seamiess Tubes
Containing Parts Suitable for Low-Temperature B 211 Aluminum-Alloy Bars, Rods and Wire
Service B 221 Aluminum-Alloy Extruded Bars, Rods;Wire, Bhapes,
A 587 Electric-Welded Low-Carbon Steel Pipe for the Chemi- and Tubes
cal Industry B 241 Aluminum-Alloy Seamless Pipefand Seamle
Extruded Tube
A 645 Pressure Vessel Plates, 5 Percent Nickel Alloy Steel, B 247 Aluminum-Alloy Die, Hand and Rolled Ring Forgings
Specially Heat Treated B 265 Titanium and Titanium Alley Strip, Sheet, afd Plate
A 671 Electric-Fusion-Welded Steel Pipe for Atmospheric B 280 Seamless Copper TubeAfor Air Conditioning pnd
and Lower Temperatures Refrigeration Fluid “Service
A 672 Electric-Fusion-Welded Steel Pipe for High-Pressure B 283 Copper and Copper-Alloy Die Forgings (Hot-Pressed)
Service at Moderate Temperatures
A 691 Carbon and Alloy Steel Pipe, Electric Fusion-Welded
for High-Pressure Service at High Temperatures B 333 Nick€él-Molybdenum Alloy Plate, Sheet, and [Strip
B 335 Nickel*Molybdenum Alloy Rod
A 789 Seamless and Welded Ferritic/Austenitic Stainless B 337 Seamless and Welded Titanium and Titaniufn Alloy
Steel Tubing for General Service Pipe
A 790 Seamless and Welded Ferritic/Austenitic Stainless B 345 Aluminum-Alloy Seamless Extruded Tube and Seam-
Steel Pipe less Pipe for Gas and Oil Transmission ard Distri-
bution Piping Systems
A 815 Wrought Ferritic, Ferritic/Austenitic and Martensitic B 361 Factory-Made Wrought Aluminum and Aluminum-
Stainless Steel Fittings Alloy Welding Fittings
B 366 Factory-Made Wrought Nickel and Nickel-Allpy Weld-
B 21 Naval Brass Rod, Bar, and Shapes ing Fittings
B 26 Aluminum-Alloy Sand Castings B 381 Titanium and Titanium Alloy Forgings
B 42 Seamless Copper Pipe, Standard Sizes
B 43 Seamless Red Brass Pipe, Standard Sizes
B 61 Steam or Valve Bronze Castings B 407 Nickel-Iron-Chromium Alloy Seamless Pipe gnd Tube
B 62 Composition Bronze or Ounce Metal Castings B 409 Nickel-Iron-Chromium Alloy Plate, Sheet, anfl Strip
B 68 Seamless Copper Tube, Bright-/Annealed B 423 Nickel-Iron-Chromium-Molybdenum-Copper Alloy
B 75 Seamless Copper Tube (UNS N08825 and N08221) Seamless Pige and
B 88 Seamless Copper Water Tube Tube
B 96 Copper-Silicon Alloy Plate,/Sheet, Strip, and Rolled B 424 Nickel-Iron-Chromium-Molybdenum-Copper Alloy
Bar for General Rurposes and Pressure Vessels (UNS N08825 and N08221) Plate, Sheet pnd Strip
B 98 Copper-Silicon Alloy Rod, Bar and Shapes B 425 Nickel-Iron-Chromium-Molybdenum-Copper Alloy
(UNS N08825 and N08221) Rod and Bar
B 127 Nickel-Coppet Alloy (UNS N0O4400) Plate, Sheet, and B 435 UNS N06022, UNS N06230, and UNS R305p6 Plate,
Strip Sheet, and Strip
B 133 CopperRod, Bar and Shapes B 443 Nickel-Chromium-Molybdenum-Columbium Alloy (UNS
B 148 Al@riinum-Bronze Castings N06625) Plate, Sheet and Strip
B 150 Aldminum-Bronze Rod, Bar and Shapes B 444 Nickel-Chromium-Molybdenum-Columbium Alloy (UNS
B 152 €opper Sheet, Strip, Plate and Rolled Bar N06625) Seamless Pipe and Tube
B 160 Nickel Pad and Bar B 446 Nirl{nl_rhrnmil|m.'\l|n|\,lhr1nn||m.(‘n|||mhi||m
B 161 Nickel Seamless Pipe and Tube N06625) Rod and Bar
B 162 Nickel Plate, Sheet and Strip B 462 Forged or Rolled UNS N08020, UNS N08024, UNS
B 164 Nickel-Copper Alloy Rod, Bar and Wire N08026, and UNS N08367 Alloy Pipe Fittings, and
B 165 Nickel-Copper Alloy (UNS NO4400) Seamless Pipe Valves and Parts for Corrosive High-Temperature
and Tube Service
B 166 Nickel-Chromium-Iron Alloy (UNS N06600) Rod, Bar B 463 Forged or Rolled UNS N08020, UNS N08026, and
and Wire UNS N08024 Alloy Plate, Sheet, and Strip
B 167 Nickel-Chromium-Iron Alloy (UNS NO6600-N06690) B 464 Welded Chromium-Nickel-Iron-Molybdenum-Copper-
Seamless Pipe and Tube Columbium Stabilized Alloy (UNS N08020) Pipe
B 168 Nickel-Chromium-Iron Alloy (UNS N0O6600-N06690) B 466 Seamless Copper-Nickel Pipe and Tube
Plate, Sheet and Strip B 467 Welded Copper-Nickel Pipe
133
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Specification Index for Appendix A (Cont’d)

Spec.
No.

Title

Spec.

No.

Title

ASTM (Cont’d)

B 491
B 493
B 514
B 517
B 523
B 547

B 550
B 551

B 564
B 574
B 575

B 581
B 582

B 584

B 619
B 620

B 621

B 622

ASTM (Cont’d)

Pipe

Aluminum and Aluminum Alloy Extruded Round B 625 Nickel Alloy Plate and Sheet

Tubes for General-Purpose Applications B 649 Ni-Fe-Cr-Mo-Cu Low Carbon Alloy (UNS N08904) and
Zirconium and Zirconium Alloy Forgings Ni-Fe-Cr-Mo-Cu-N Low Carbon Alloy UNS N08925,

UNS N08031, and UNS N08926) Bar and Wire

Wetded NicRet-fon-Chromium Atloy Pipe B 658 Zircontum and Zifcontum Attoy Seamiess and welded
Welded Nickel-Chromium-Iron Alloy (UNS N06600, Pipe

UNS N06603, UNS N06025, and UNS N06045) B 675 UNS N08366 and UNS N08367 Welded Ripe

Pipe B 688 Chromium-Nickel-Molybdenum-Iron (UNS|N0O8364
Seamless and Welded Zirconium and Zirconium Alloy and UNS N08367) Plate, Sheet, anéStrip

Tubes B 690 Iron-Nickel-Chromium-Molybdenuim, Atloys (UNS
Aluminum and Aluminum-Alloy Formed and Arc- N08366 and UNS N08367)-Seamless Pipe and

Welded Round Tube Tube
Zirconium and Zirconium Alloy Bar and Wire
Zirconium and Zirconium Alloy Strip, Sheet, and B 705 Nickel-Alloy (UNS NQ6625 and N08825) Welded

Plate B 725 Welded Nickel (UNS*N02200/UNS N02201) and
Nickel Alloy Forgings Nickel-Copper Alloy (UNS N04400) Pipe
Low-Carbon Nickel-Molybdenum-Chromium Alloy Rod B 729 Seamless UNS"N08020, UNS N08026, UNS N08(24
Low-Carbon Nickel-Molybdenum-Chromium Alloy Nickel-Alloy Pipe and Tube

Plate, Sheet and Strip
Nickel-Chromium-Iron-Molybdenum-Copper Alloy Rod B 804 UNSN08367 Welded Pipe
Nickel-Chromium-Iron-Molybdenum-Copper Alloy

Plate, Sheet and Strip E 112 Methods for Determining Average Grain Size
Copper Alloy Sand Castings for General Applications
Welded Nickel and Nickel-Cobalt Alloy Pipe APl
Nickel-Iron-Chromium-Molybdenum Alloy (UNS

N08320) Plate, Sheet and Strip 5L Line Pipe

Nickel-Iron-Chromium-Molybdenum Alloy (UNS
N08320) Rod

Seamless Nickel and Nickel-Cobalt Alloy Pipe and
Tube

GENERAL N
references,
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NOTES FOR APPENDIX A TABLES

GENERAL NOTES:

(06)

is to the left) below the corresponding temperature is

(@ The allowable stress values, P-Number or S-Number affected as described in a referenced Note. A single bar
assignments, weld joint and casting quality factors, and adjacent to the “Min. Temp.” value has the same
ninimum temperatures in Tables A-1, A-1A, A-1B and A-2, Significance. A double bar (]]) adjacent to a stress|value
ogether with the referenced Notes and single or double bars indicates that use of a material is prohibited-aboye the
n the stress tables, are requirements of this Code. corresponding temperature or above some(tower
(b) Notes (1) through (7) are referenced in table headings and in temperature, depending on location (as ‘dgscribed above)
headings for material type and product form; Notes (8) and and on the referenced Note. A doublé bar to the left of “Min.
ollowing are referenced in the Notes column for specific Temp.” indicates prohibition below\that temperatyre. Where
haterials. Notes marked with an asterisk (*) restate no stress values are listed, a_material may be usdd in
equirements found in the text of the Code. accordance with para. 323,2 uhless prohibited by[a double
(© A\t this time, metric equivalents have not been provided in bar.
hppendix A tables. To convert stress values in Table A-1 to (8) *There are restrictions.onithe use of this material|in the text
MPa at a given temperature in °C, determine the equivalent of the Code as follows:
emperature in °F and interpolate to calculate the stress (@) See para.(305.2.1; temperature limits are —-P9°C to
alue in ksi at the given temperature. Multiply that value by 186°C (-20°F t0)366°F).
£.895 to determine basic allowable stress S in MPa at the (b) See‘para. 305.2.2; pipe shall be safeguard¢d when
biven temperature. used odtside the temperature limits in Note (8a).
(c) ‘See Table 323.2.2, Section B-2.
NOTES: (d) See para. 323.4.2(@).
(1)  fThe stress values in Table A-1 and the design stress values (€) See para. 323.4.2(b).
n Table A-2 are basic allowable stresses in tension in () See para. 309.2.1.
hccordance with para. 302.3.1(a). For pressure design, the () See para. 309.2.2.
tress values from Table A-1 are multiplied by the (9)  *For pressure-temperature ratings of components made in
hppropriate quality factor £ (£, from Table A-1A or £; from accordance with standards listed in Table 326.1, §ee para.
[able A-1B). Stress values in shear and bearing are stated in 326.2.1. Stress values in Table A-1 may be used fo calculate
bara. 302.3.1(b); those in compression in para. 302.3:1c). ratings for unlisted components, and special ratings for
(2)  fThe quality factors for castings E. in Table A-1A arelbasic listed components, as permitted by para. 303.
actors in accordance with para. 302.3.3(b). The quality (9a) Component standards listed in Table 326.1 imposfe the fol-
actors for longitudinal weld joints E; in Table\A;1B are basic lowing restrictions on this material when used as |a forging:
actors in accordance with para. 302.3.4(a). See paras. composition, properties, heat treatment, and grain size shall
B02.3.3(c) and 302.3.4(b) for enhancement of quality conform to this specification: manufacturing procddures, tol-
actors. See also para. 302.3.1(a), foothote 1. erances, tests, certification, and markings shall bg in accor-
(3) The stress values for austenitic stairless steels in these dance with ASTM B 564.
fables may not be applicable(if the material has been given (10) *This casting quality factor is applicable only whep proper
h final heat treatment othef than that required by the supplementary examination has been performed (see para.
aterial specification o by) reference to Note (30) or (31). 302.3.3).
(4)  TStress values printed.in+italics exceed two-thirds of the (11) *For use under this Code, radiography shall be pefformed
bxpected yield strépgth at temperature. Stress values in after heat treatment.
poldface are equalito 90% of expected yield strength at (12) *Certain forms of this material, as stated in Table[323.2.2,
emperatureSSee paras. 302.3.2(d)(3) and (e). must be impact tested to qualify for service belowy —29°C
(5) TSee para,328.2.1(f) for description of P-Number and (=20°F). Alternatively, if provisions for impact test|ng are
b-Numbergroupings. P-Numbers are indicated by number or included in the material specification as supplementary
by.a_humber followed by a letter (e.g., 8, 5B, or 11A). requirements and are invoked, the material may He used
p-NUmbers are preceded by an S (e.g., S-1). down to the temperature at which the test was conducted in
(6) *The minimum temperature shown is that design minimum accordance with the specification.
temperature for which the material is normally suitable (13) Properties of this material vary with thickness or size. Stress
without impact testing other than that required by the values are based on minimum properties for the thickness
material specification. However, the use of a material at a listed.
design minimum temperature below —29°C (-20°F) is (14) For use in Code piping at the stated stress values, the
established by rules elsewhere in this Code, including para. required minimum tensile and yield properties must be veri-
323.2.2(a) and other impact test requirements. For carbon fied by tensile test. If such tests are not required by the
steels with a letter designation in the Min. Temp. column, material specification, they shall be specified in the pur-
see para. 323.2.2(b) and the applicable curve and Notes in chase order.
Fig. 323.2.2A. (15) These stress values are established from a consideration of
(7)  *A single bar (]) adjacent to a stress value indicates that use strength only and will be satisfactory for average service. For
of the material above (if the bar is to the right) or (if the bar bolted joints where freedom from leakage over a long period
135
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17

(18)

(19

0)

(1)
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of time without retightening is required, lower stress values tress values shown are for the lowest strength base mate-
f ti ith ightening i ired, | l B2 S | h for the | hb

may be necessary as determined from the flexibility of the rial permitted by the specification to be used in the manufac-
flange and bolts and corresponding relaxation properties. ture of this grade of fitting. If a higher strength base material
An E; factor of 1.00 may be applied only if all welds, includ- is used, the higher stress values for that material may be
ing welds in the base material, have passed 100% radio- used in design.

graphic examination. Substitution of ultrasonic examination (33) For welded construction with work hardened grades, use the
for radiography is not permitted for the purpose of obtaining stress values for annealed material; for welded construction
an E; of 1.00. with precipitation hardened grades, use the special stress
Filler metal shall not be used in the manufacture of this pipe values for welded construction given in the Tables.

or tube. (34) If material is welded, brazed, or soldered, the allowable
*This [specifitatiom does ot Mciude TequiTements for 100% qr‘mg valu.pc. far ihe annealed mn.dmnn shalae Ilc‘?d
radiographic inspection. If this higher joint factor is to be (35) This steel is intended for use at high temperatures;(jt.hay
used,|the material shall be purchased to the special require- have low ductility and/or low impact properties at room tem-
ment$ of Table 341.3.2 for longitudinal butt welds with perature, however, after being used above the-femperature
100% radiography in accordance with Table 302.3.4. indicated by the single bar (|). See also para. F323.4(c](4).
L e . . (36) The specification permits this material to be-furnished with-
This |specification includes requirements for random radio- . . ;

. . . . L out solution heat treatment or with other than a solutign
graphiic inspection for mill quality control. If the 0.90 joint heat treatment. When the materialdaasnot been solutibn
factor is to be used, the welds shall meet the requirements A o

- . . heat treated, the minimum temperature shall be —29°C
of Taljle 341.3.2 for longitudinal butt welds with spot radiog- ° I
. . . (=20°F) unless the material is impact tested per para. $23.3.
raphylin accordance with Table 302.3.4. This shall be a mat- . -
. (37) Impact requirements for seamless fittings shall be govgrmed
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 mpterial thickness > 127 mm (5 in.), the specified mini-

2

23)

@4

(25)

(26)

@7)
(28)

29

(0)

GD

mum
The nf
stresq

tensile strength is 448 MPa (65 ksi).

inimum tensile strength for weld (qualification) and
values shown shall be multiplied by 0.90 for pipe hav-
ing anp outside diameter less than 51 mm (2 in.) 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 cansist-
ently produce welds that meet the listed minimum tensile
strength of 165 MPa (24 ksi).

Lightweight aluminum alloy welded fittings conforming to
dimensions in MSS SP-43 shall have full penetration welds.
Yield [strength is not stated in the materidl Specification. The
value|shown is based on yield strengths of materials with

(39)
B9

(40)

(41)

(42)

by those listed in this Tabte for the particular base material
specification in the grades permitted (A 312, A 240, ar{d A
182). When A 276 madterials are used in the manufactyre of

these fittingsythesNotes, minimum temperatures, and 3llow-
able stress€s for comparable grades of A 240 materiald 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) apd
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
sary. Limitations on metal temperature for materials co
by this specification are:

heces-
ered

Metal Temperature,

similgr characteristics. Grade(s) °C (°F)

This gteel may develop embrittlement after service at approxi- 1 229 to 482 (~20 to 940)
matelly 316°C (600°F) and highér temperature. 2, 2H, and 2HM 48 to 593 (=55 to 1]00)
This ¢nstabilized grade oftstainless steel increasingly tends 3 —29 to 593 (=20 to 1100)
to prdcipitate intergrantilar-carbides as the carbon content 4 [see Note (42a)] -101 to 593 (~150 to|1100)
incredses above 0.03%,) See also para. F323.4(c)(2). 6 —29 to 427 (-20 to 8()0)
For tegmperatures above 427°C (800 °F), these stress values 7 and 7M [see Note (42a)] -101 to 593 (-150 to]llOO)
apply|only when'the carbon content is 0.04% or higher. 8FA [see Note (39)] -29 to 427 (-20 to 8(0)
For temperatures above 538°C (1000°F), these stress values 8MA and 8TA —198 to 816 (-325 to|1500)
apply|ofily-when the carbon content is 0.04% or higher. 8, 8A, and 8CA —254 to 816 (-425 to[1500)
The stressvatues above 5506 L (IUUUTF) TISted nere sratt De

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
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.
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(42a) When used below —46°C (-=50°F), this material shall be

impact tested as required by A 320 for Grade L7.

(42b) This is a product specification. No design stresses are neces-

(43)

(44)
(45)
(46)

sary. For limitations on usage, see paras. 309.2.1 and
309.2.2.

*The stress values given for this material are not applicable
when either welding or thermal cutting is employed [see
para. 323.4.2(0)].

This material shall not be welded.

Stress values shown are applicable for “die” forgings only.
The letter “a” indicates alloys which are not recommended
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(47)

(48)

(49)

(50)

(51

(52)

(53)

(54)

(55)

(56)

(57)

(58)

(59

(60)

(61)
(62)
(63)

(64)

(65)
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for welding and which, if welded, must be individually quali-
fied. The letter “b” indicates copper base alloys which must
be individually qualified.

If no welding is employed in fabrication of piping from these
materials, the stress values may be increased to 230 MPa
(33.3 ksi).

The stress value to be used for this gray cast iron material at
its upper temperature limit of 232°C (450°F) is the same as
that shown in the 204°C (400°F) column.

If the chemical composition of this Grade is such as to ren-

Impact Test Temp. (°C) for Plate Thicknesses Shown

Spec. No. 25 mm 51 mm Over 51 to
& Grade Max. Max. 76 mm
A 203 A —68 -68 -59

A 203 B —68 -68 -59

A 203 D -101 -101 -87

A 203 E -101 -101 -87

Her it hardenable, qualification under P-No. 6 is required.

[his material is grouped in P-No. 7 because its hardenability
s low.

[his material may require special consideration for welding
ualification. See the BPV Code, Section IX, QW/QB-422. For
ise in this Code, a qualified WPS is required for each
trength level of material.

Copper-silicon alloys are not always suitable when exposed
o certain media and high temperature, particularly above

[ 00°C (212°F). The user should satisfy himself that the alloy
elected is satisfactory for the service for which it is to be
ised.

btress relief heat treatment is required for service above

Impact Test Temp. (°F) for Plate Thicknesges Shown

Spec. No. 1 in. 2.n. Over 2 in.
& Grade Max. Max. to 3 in.
A 203 A -90 -90 -75

A 203 B —90 -90 -75

A 203D =150 -150 -125

A 203 E -150 -150 -125

(66) Stress values shown are 90% of those for the corfesponding
p32°C (450°F). core matefial.
[he maximum operating temperature is arbitrarily set at (67) Foruse under this Code, the heat treatment requifements for
P60°C (500°F) because hard temper adversely affects design pipé manufactured to A 671, A 672, and A 691 shall be as
tress in the creep rupture temperature ranges. required by para. 331 for the particular material being used.
Pipe produced to this specification is not intended for high (68) The tension test specimen from plate 12.7 mm (%4, in.) and
emperature service. The stress values apply to either nonex- thicker is machined from the core and does not irfclude the
banded or cold expanded material in the as-rolled, normal- cladding alloy; therefore, the stress values listed are those
zed, or normalized and tempered condition. for materials less than 12.7 mm.
Because of thermal instability, this material is not rec6m- (69) This material may be used only in nonpressure aplications.
mended for service above 427°C (800°F). (70) Alloy 625 (UNS N06625) in the annealed conditiop is subject
Conversion of carbides to graphite may occuraftér prolonged to severe .IOSS of impact strength at room tempergture after
bxposure to temperatures over 427°C (800°F)>-See para. exposure in the range of 538°C to 760°C (1000°F(to
£323.4(b)(2). 1400°F).
R . . . (71) These materials are normally microalloyed with CH, V, and/or
Conversion of carbides to graphite miay, occur after prolonged ) e .
Ti. Supplemental specifications agreed to by man{ifacturer
bxposure to temperatures over 468°C(875°F). See para. . . .
£323.4(0)(3). and purchaser comrn.only establish chemistry mc?re restrllctilve
than the base specification, as well as plate rollinlg specifica-
for temperatures above 482°G (900°F), consider the advan- tions and requirements for weldability (i.e., C-equjvalent) and
ages of killed steel. Se€ para. F323.4(b)(4). toughness.
For all design temperatures, the maximum hardness shall be (72) For service temperature > 454°C (850°F), weld mejtal shall
Rockwell C35 immediately under the thread roots. The hard- have a carbon content > 0.05%.
hess shall be taken on a flat area at least 3 mm (Y in.) (73) Heat treatment is required after welding for all prgducts of
hcross, prepared by removing threads. No more material than zirconium Grade R60705. See Table 331.1.1.
fecessaryshall be removed to prepare the area. Hardness (74) Mechanical properties of fittings made from forgir|g stock
letefMination shall be made at the same frequency as ten- shall meet the requirements of one of the bar, forging, or rod
ile tests. specifications listed in Table 1 of B 366.
nnealed at approximately 982°C (1800°F). (75) Stress values shown are for materials in the normalized and
Annealed at approximately 1121°C (2050°F). tempered condition, or when the heat treatment is unknown.
For stress relieved tempers (T351, T3510, T3511, T451, If mgterial ii annealed, use the following values above
T4510, T4511, T651, T6510, T6511), stress values for mate- 510°C (950°P):
rial in the listed temper shall be used. 3
The minimum tensile strength of the reduced section tensile M ﬁ ﬁ ﬂ ﬂ @
specimen in accordance with the BPV Code, Section IX, QW- S, MPa 55.1 39.3 26.2 165 9.6
462.1, shall not be less than 758 MPa (110.0 ksi).
The minimum temperature shown is for the heaviest wall per- Temp., °F 1000 1050 1100 1150 1200
missible by the specification. The minimum temperature for - — — — — —
lighter walls shall be as shown in the following tabulation: S, ksi 8.0 5.7 3.8 24 14
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(76) Hydrostatic testing is an option (not required) in this specifi-
cation. For use under this Code, hydrostatic testing is
required.

(77) The pipe grades listed below, produced in accordance with
CSA (Canadian Standards Association) Z245.1, shall be con-
sidered as equivalents to API 5L and treated as listed mate-
rials.

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
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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 (7)

P-No. or Min. Speciﬁef‘ l\:l(m Min.
S-No. Temp., M Temp.
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to 100 200 300 400 500 600 650
Iron
Caskings )
Gray A48 :L
Gray A 278 20 (8e)(48) -20 20 :L
Gray A 126 A (8e)(9)(48) -20 21 . 2.0 20 2.0 '20
Gray A 48 :L
Gray A 278 25 (8e)(48) -20 25 Ce 2.5 2.5 2.5 2.5
Gray A 48 l
Gray A 278 30 (8e)(48) -20 30 :L
Gray A 126 B (8e)(9)(48) -20 31 - 3.0 3.0 3.0 3.0
Gray A48 :L
Gray A 278 35 (8e)(48) =20 35 \. ) 3.5 3.5 3.5 3.5
Gray A48 40 (8e)(9)(48) -20 40 :L
Gray A 126 C (8e)(9)(48) -20 49 Ce 4.0 4.0 401 401 ... |... el
Gray A 278 40 8e)(9)(53) -20 40 A 4.0 4.0 4.0 4.0 4.0 | 4.0 4.0|| I
Gray A 48 45 (8e)(48) -20. 45 A 4.5 4.5 4.5 4.5
Gray A 48 50 (8e)(48) =20 50 Ce 5.0 5.0 5.0 5.0 A A .
Gray A 278 50 (8e)(53) -20 50 e 5.0 50 5.0/ 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 R 6.0 6.0 6.0 601 ... |... c.
Gray A 278 60 (8e)(53) -20 60 Ce 6.0 6.0 6.0/ 6.0 60 |6.0 6.0
Cupolp 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 10.0f{ 10.0 10.0 f10.0 10.0
Ferriti¢ ductile A 395 (8d)(9) =20 60 40 20.0 19.0 179 16.9 159 4.9 14.1
Austepitic ANS 7Y Type D- (8d) -20 65 30 20.0
dudtile 2M, Cl.1
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2006

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 100 200 300
Carbon Steel
Pipes and-Tubes (‘))
A 285 Gr. A A 134 1 .. (8b)(57) | B 45 24 15.0 14:60| 14.2
A 285 Gr. A A 672 1 A45 (57)(59)(67) B 45 24 15.0 146 | 14.2
Butt weld API 5L S-1 A25 (8a) || -20 45 25 15.0 15.0 14.5
Smls & ER API 5L S-1 A25 (57)(59) B 45 25 15.0 15.0 | 14.5
A 179 1 (57)(59) -20 47 26 15.7 15.0 | 14.2
Type F A 53 1 A (8a)(77) | 20 48 30 16.0 16.0 | 16.0
A 139 S-1 A (8b)(77) | A 48 30 16.0 16.0 | 16.0
A 587 1 (57)(59) -20 48 30 16.0 16.0 | 16.0
A 53 1 A (5759
A 106 1 A (57)
A 135 1 A (57)(59) B 48 30 16.0 16.0 | 16.0
A 369 1 FPA (57)
API 5L S-1 A (57)(59(77)
A 285 Gr. § A 134 1 ... (8b)(57) | B 50 27 16.7 16.4 | 16.0
A 285 Gr. § A 672 1 A50 (57)(59)(67) B 50 27 16.7 16.4 | 16.0
A 285 Gr. A 134 1 ... (8b)(57) | A 55 30 18.3 18.3 | 17.7
A 524 1 I (57) -20 55 30 18.3 183 | 17.7
A 333 1 1 :L
. A 334 1 1 (57)(59) -50 55 30 18.3 183 | 17.7
A 285 Gr. A 671 1 CA55 (59)(67) A
A 285 Gr. A 672 1 A55 (57)(59)(67) A
A 516 Gr. §5 A 672 1 C55 (57)(67) C 55 30 18.3 183 | 17.7
A 516 Gr. 40 A 671 1 6o _ (57(67) C 60 32 20.0 19.5 | 18.9
A 515 Gr. 40 A 671 1 CB60 J‘
A 515 Gr. 40 A 672 1 B60 (57)(67) B ]» 60 32 20.0 19.5 | 18.9
A 516 Gr. 40 A 672 1 C60 (57)(67) C
AA39 S-1 B (8b) | A 60 35 20.0 20.0 | 20.0
A135 1 B (57)(59) B 1
A 524 1 I (57) -20 60 35 20.0 20.0 | 20.0
A 53 1 B (57)(59) :L
A 106 1 B (57) B 1
P
MmN o000
A 334 J— 1 6 (57) -50 60 35 20.0 20.0  20.0
A 369 1 FPB (57) -20
A 381 S-1 Y35 ... A
API 5L S-1 B (57)(59)(77) B
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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 (7)

400 500 600 650 700 750 800 850 900 950 1000 1050 1100 Grade Spec. No.

Carbon Steel
Dipnc and-Tubes (2)

3.7 13.0 11.8 11.6 11.5 10.3 9.0 7.8 6.5 ... .. ... el A 134

3.7 130 118 116 115 103 9.0 7.8 6.5 4.5 2.5 1.6 1.0 A4S A 672

[113.8 ... Das API 5L

13.8 A25 API 5L

13.5 12.8 121  11.8 115 10.6 9.2 7.9 6.5 4.5 2.5 1.6 1.0 ... A 179
l16.0 . A A53

Il .. .. A A 139

16.0 16.0 14.8 145 144 107 93] 7.9 . ... .. e A 587
A A 53

A A 106

16.0 16.0 14.8 145 144 107 93] 7.9 6.5 45 2.5 1.6 1.0 A A 135

FPA A 369

A API 5L

|15.4 14.6 133  13.1  13.0 11.2 9.6 8.1 6.5 ... ... ... e A 134

5.4 146 133 13.1  13.0 11.2 9.6 8.1 6.5 4.5 2.5 1.6 1.0 A50 A 672

172 162 14.8 145 144 12.0 10.2 83 6.5 ... .. ... e A 134

17.2  16.2 148 145 144 12.0 10.2 8.3 6.5 4.5 2.5 ... | A 524

{ 1 A 333

17.2  16.2 14.8 145 144 12.0 - (10.2 8.3 6.5 4.5 2.5 1.6 1.0L1 A 334

CA55 A 671

A55 A 672

172 162 148 145 144,21 10.2 8.4 6.5 4.5 2.5 1.6 1.0 L C55 A 672

18.3 173  15.8 155 4547 13.0 10.8 8.7 6.5 4.5 2.5 .. ... (CC60 A 671

CB60 A 671

18.3 173 15.8 1555154  13.0 10.8] 8.7 6.5 4.5 2.5 1.6 1.0 | B60 A 672

| C60 A 672

| ] .. ... B A 139

{ B A 135

2.0 189\ 173 170 165 13.0 10.8| 8.7 6.5 4.5 2.5 I A 524
B A 53

B A 106

6 A 333

200 189 173 17.0 165 13.0 10.8] 8.7 6.5 4.5 2.5 1.6 1.0 6 A 334

FPB A 369

Y35 A 381

B API 5L
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified 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 100 200 300
Carbon Steel (Cont’d)
Pipes and-Tubes (‘)) (f'nnf’d)
A 139 51 C (8b) A 60 42 l
A 139 S-1 D (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 e A 60 42 20.0 20.0 20.0
A 381 S-1 Y48 A 62 48 20.6 19.7 18.7
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 20.3 19.3
A 516 Gr. 45 A 671 1 CC65 (57)(67) B 65 35 21.7 21.3 20.7
A 515 Gr. 45 A 671 1 CB65
A 515 Gr. 45 A 672 1 B65 (57)(67) A iI‘ 65 35 21.7 21.3 20.7
A 516 Gr. 45 A 672 1 Cé65 (57)(67) B
A 139 S-1 E (8b) | A 66 52 22.0 22.0 22.0
API 5L S-1 X52 (55)(77) A 66 52 22.0 22.0 22.0
A 381 S-1 Y52 . A 66 52 22.0 22.0 22.0
A 516 Gr. 10 A 671 1 CC70 (5A67) B 70 38 23.3 23.1 22.5
A 515 Gr. 10 A 671 1 CB70
A 515 Gr. 10 A 672 1 B70 (57)(67) A iI‘ 70 38 23.3 23.1 22.5
A 516 Gr. 10 A 672 1 Cc70 (57)(67) B
- A 106 1 C (57) B 70 40 23.3 23.3 23.3
A 537 Cl. 1 A 671 1 CD70
(< 2% if. thick)
A 537 CL. 1 A 672 1 D70 (67) D 70 50 23.3 23.3 22.9
(€ 2%, if. thick)
A 537 CL. 1 A 691 1 CMSH70
(€ 2%, if. thick)
API 5% S-1 X56 (51)(5)(71)77) A 71 56 23.7 23.7 23.7
e A 381 S-1 Y56 (51)(55)(71) A 71 56 23.7 23.7 23.7
A 299 A 671 1 CK75
(> 1 in. thick)
A 299 A 672 1 N75 - (57)(67) A 75 40 25.0 24.4 23.7
(> 1 in. thick)
A 299 A 691 1 CMS75
(> 1in. t |;\,:\)
A 299 A 671 1 CK75
(<1 in. thick)
A 299 A 672 1 N75 ~ (57)(67) A 75 42 25.0 25.0 24.8
(< 1 in. thick)
A 299 A 691 1 CMS75
(< 1 in. thick)
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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 (7)

400 500 600 650 700 750 800 850 900 950 1000 1050 1100 Grade Spec. No.
Carbon Steel (Cont’d)
Di.r_\nc and Tubas ( (cOnt’d)
{ C A 139
| ] .. . D A 139
20.0]| X42 API 5L
20.0 Y42 A 381
17.8 169 16.0 155 Y48 A 381
1.0l X46 API 5L
21.0 Y46 A 381
18.4 17.4 16.5 16.0 Y50 A 381
20.0 189 173 170 16.8 139 11.4 9.0 6.5 4.5 2.5 ... CC65 A 671
CB65 A 671
200 189 173 17.0 16.8 13.9 11.4 9.0 6.5 b5 2.5 1.6 1.0 9 B65 A 672
€65 A 672
| ].. E A 139
22.0]| X52 API 5L
22.0 Y52 A 381
1.7 205 187 184 183 148 120 93 6.5 4.5 2.5 ~CC70 A 671
(B70 A 671
1.7 205 187 184 183 148 120 9.3 6.5 4.5 2.5 1.6 1.0 | B70 A 672
L C70 A 672
2.9 216 197 194 192 148 N12.0 e A 106
CD70 A 671
2.9 229 226 220 214 - D70 A 672
L CMSH70 A 691
23.71| X56 API 5L
3.7 Y56 A 381
CK75 A 671
2.9 2067 197 194 192 157 12.6] 9.5 6.5 4.5 2.5 1.6 1.0 { N75 A 672
L CMS75 A 691
[ CK75 A 671
240 227 207 204  20.2 - N75 A 672
L CMS75 A 691
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(06) Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2006

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 100 200 300
Carbon Steel (Cont’d)
Pipes and—Fubes-{2){Cent:d)
API 5L S-1 X60 (51)(55)(71)(77) A 75 60 25.0 250 25.0
API 5L S-1 X65 (51)(55)(71)(77) A 77 65 25.7 257 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 (51)(55)(71)(77) 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¢) -20 45 24 13.7 13.0 12.4
A 570 Gr. 30 A 134 S-1 (8a)(8¢) -20 49 30 15.0 15.0 15.0
A 283 Gr. B A 134 1 (8a)(8¢) -20 50 27 15.3 14.4 13.9
A 570 Gr. 33 A 134 S-1 (8a)(8c) =20 52 33 15.9 15.9 15.9
A 570 Gr. 36 A 134 S-1 (8a)(8c) =20 53 36 16.3 16.3 16.3
A 570 Gr. 40 A 134 1 (8a)(8¢c) =20 55 40 16.9 16.9 16.9
A 36 A 134 1 (8a)(8¢c) =20 58 36 17.6 16.8 16.8
A 283 Gr. [ A 134 1 (8a)(8¢) =20 60 33 18.4 17.4 16.6
A 570 Gr. 45 A 134 S-1 (8a)(8¢) -20 60 45 18.4 18.4 18.4
A 570 Gr. 40 A 134 1 (8a)(8¢) =20 65 50 19.9 19.9 19.9
Plates and Sheets
A 285 1 A (57)(59) B 45 24 15.0 14.6 14.2
A 285 1 B (57)(59) B 50 27 16.7 16.4 16.0
A 516 1 55 (57) C 55 30 18.3 18.3 17.7
A 285 1 C (57)(59) A 55 30 18.3 18.3 17.7
A 516 1 60 (57) C 60 32 20.0 19.5 18.9
A 515 1 60 (57) B 60 32 20.0 19.5 18.9
A 516 1 65 (57) B 65 35 21.7 21.3 20.7
A 515 t 65 57 A 65 35 t=7 = 20.7
A 516 1 70 (57) B 70 38 23.3 23.1 22.5
. A 515 1 70 (57) A 70 38 233 23.1 22.5
(< 2% in. thick) A 537 1 cl1 D 70 50 23.3 233 229
(> 1 in. thick) A 299 1 (57) A 75 40 25.0 24.4 23.7
(< 1 in. thick) A 299 1 (57) A 75 42 25.0 25.0 24.8
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Table A-1 Basic Allowable Stresses in Tension for Metals! (Cont’d)
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 (7)

400 500 600 650 700 750 800 850 900 950 1000 1050 1100 Grade Spec. No.

Carbon Steel (Cont’d)
Di.r_\nc and-Tubes ( (cOnt’d)

25.0 X60 API 5L
25.7 X65 API 5L
27.3 X70 API 5L
30.0 X80 API 5L
25.0 X60 A 381

Pipes (Structural Grade) (2)

1.8 A 134
5.0 A 134

A 134
15.9 A 134
6.3 A 134
16.9 A 134
16.8 A 134
18.4 A 134
19.9 A 134

Plates and Sheets

13.7 13.0 11.8 11.6 11.5 10.2 9.0 7.7 6.5 4.5 2.5 1.6 1.0 A A 285
15.4 14.6 13.3 134 13.0 11.1 9.6 8.0 6.5 4.5 2.5 1.6 1.0 B A 285
7.2 16.2 14.8 14.5 14.4 12.0 10.2 8.3 R e e R e 55 A 516
7.2 16.2 148 14.5 14.4 12.0 10.2 8.3 6.5 4.5 2.5 1.6 1.0 C A 285
8.3 173 15.8 15.5 15.4 12.9 10.8 8.6 R R e - e 60 A 516
8.3 173 15.8 15.5 15.4 12.9 10.8 8.6 6.5 4.5 2.5 - . 60 A 515
20.0 18.9 17.3 17. 13.8 11.4 9 .. 65 A 516
266 185 73 v 168 138 T4 879 675 5 25 65 A 515
21.7 20.5 18.7 18.4 18.3 14.7 12.0 9.2 e . . . . 70 A 516
21.7 20.5 18.7 18.4 18.3 14.7 12.0 9.2 6.5 4.5 2.5 R e 70 A 515
22.9 22.9 22.6 22.0 21.4 Cl. 1 A 537
22.9 21.6 19.7 19.4 19.2 15.6 12.6 9.5 6.5 4.5 2.5 1.6 1.0 . A 299
24.0 22.7 20.7 20.4 20.2 15.6 12.6 9.5 6.5 4.5 2.5 1.6 1.0 - A 299
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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 100 200 300
Carbon Steel (Cont’d)

Plates and-Sheets. (Cfrllrhlrnl)
A 283 1 A 80 (57) A 45 24 13.8 132 12.5
A 570 S-1 30 809)(57) A 49 30 15.0 15.0 15.0
A 283 1 B 89(7) A 50 27 15.3 14.6 14.0
A 570 S-1 33 809)(57) A 52 33 15.9 15.9 15.9
A 570 S-1 36 809)(57) A 53 36 16.3 16.3 16.3
A 283 1 C 809)(57) A 55 30 16.9 16.1 15.3
A 570 S-1 40 89(57) A 55 40 16.9 16.9 16.9
A 36 1 e (80) A 58 36 17.8 16.9 16.9
A 283 1 D 89 (7) A 60 33 18.4 17.5 16.7
A 570 S-1 45 89 (7) A 60 45 18.4 18.4 18.4
A 570 S-1 50 89 (7) A 65 50 19.9 19.9 19.9

Forgings|and Fittings (2)
A 350 1 LF1 9 (769 -20 60 30 20.0 18.3 17.7
A 181 1 Cl. 60 9 (57R9) A 60 30 20.0 18.3 17.7
A 420 1 WPL6 (57) -50 60 35 20.0 20.0 20.0
A 234 1 WPB (57)(59) B 60 35 20.0 20.0 20.0
A 350 1 LF2 9)(57) -50 70 36 23.3 21.9 21.3
A 105 1 .. 9)(57)(59) -20 :L
A 181 1 Cl. 70 9 (7)(59) A 70 36 23.3 21.9 21.3
A 234 1 WPC (57)(59) B 70 40 23.3 23.3 23.3

Castings|(2)
A216 1 WCA (57) -20 60 30 20.0 18.3 17.7
A 352 1 LCB 9)(57) -50 65 35 21.7 21.3 20.7
A 216 1 WCB 9 (7) -20 70 36 23.3 21.9 21.3
A 216 1 WCC 9)(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)
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 (7)

400 500 600 650 700 750 800 850 900 950 1000 1050 1100 Grade Spec. No.

Carbon Steel (Cont’d)
Plates-and-Sheets ( fructural)

1.9 11.3 10.7 10.3 10.1 9.4 A A 283
5.0 15.0 13.8 13.5 13.4 10.5 30 A 570
13.3 12.5 11.8 11.5 11.1 10.2 B A 283
15.9 15.9 14.7 14.4 14.3 11.2 33 A 570
6.3 16.3 15.0 14.7 14.6 11.4 36 A 570
4.6 13.8 13.0 12.6 12.2 111 C A 283
6.9 16.9 15.6 15.3 15.2 11.6 40 A 570
6.9 16.9 16.9 16.9 16.9 A 36

145.9 15.0 14.2 13.8 13.2 11.9 D A 283
8.4 17.2 15.7 15.4 15.2 12.2 45 A 570
19.9 18.6 17.2 16.9 16.7 12.9 ce . ce . . . . 50 A 570

Forgings and Fittings (2)

17.2  16.2 148 145 144 13.0 10.8 7.8 5.0 3.0 1.5 ... ... LR A 350
172 162 148 145 144 13.0 10.8 87 6.5 4.5 2.5 1.6 1.0 Cl. 60 A 181
200 189 173 17.0 168 13.0 10.8 7.8 5.0 3.0 1.5 ... ... WPL6 A 420
200 189 173 17.0 16.8  13.0.°.10.8 8.7 6.5 4.5 2.5 1.6 1.0  WPB A 234
2.6 19.4 17.8 17.4 173 148 12.0 7.8 5.0 3.0 1.5 ... ... LR A 350

{ ... A 105
2.6 194 17.8 174 473 148 12.0 9.3 6.5 4.5 2.5 1.6 1.0 L Cl. 70 A 181

22.9 21.6 19.7 19.4 19.2 14.8 12.0 WPC A 234

Catings (2)

7.2 16.2 148 14.5 14.4 13.0 10.8 8.6 6.5 4.5 2.5 1.6 1.0 WCA A 216

20.0 1849 17.3 17.0 16.8 13.8 11.4 8.9 6.5 4.5 2.5 1.6 1.0 LCB A 352

20.6 19.4 17.8 17.4 17.3 14.8 12.0 9.3 6.5 4.5 2.5 1.6 1.0 WCB A 216

29 21.6 19.7 19.4 19.2 14.8 12.0 9.3 6.5 4.5 2.5 - ce WwcCC 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
Y4Cr=Y,Mol A 335 3 P2 . -20 55 30 183 18.3
Y4Cr=Y,Mo) A 691 3 Y45CR (11)(67) -20 55 33 183 18.3

A387 Gl 2Cl1
c-%Mo A 335 3 P1 l
C-%Mo A 369 3 FP1 (58) -20 55 30 18.3 18.3
Y4Cr=YMo| A 369 3 FP2 ... -20 55 30 18.3 18.3
1Cr-Y,Mo A 691 4 1CR (11)(67) -20 55 33 18.3 18.3

A387 Gl 12Cl 1
Y4Cr=Y,Mo| A 426 3 CP2 (10) -20 60 30 18.4 17.7
1Y4Si-Y,Mp A 335 3 P15 . l
1Y,Si-YoMp A 426 3 CP15 (10) -20 60 30 18.8 18.2
1Cr-YMo A 426 4 CP12 (10) -20 60 30 18.8 18.3
5Cr-Y,Mo-{14Si 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
3/, Cr=/,Ni{Cu-Al A 333 4 4 -150 60 35 20.0 19.1
2Cr-YMo A 369 4 FP3b -20 60 30 20.0 18.5
1Cr-Y4Mo A 335 4 P12 l
1Cr-%Mo A 369 4 FP12 .. -20 60 32 20.0 18.7
1Y,Cr-Y5Mp A 335 4 P11 l
1Y,Cr-Y%Mp A 369 4 FP11 e -20 60 30 20.0 18.7
1Y,Cr-Y%Mp A 691 4 1Y,CR (11)(67) -20 60 35 20.0 20.0

A387 Gl 11Cl 1
5Cr-Y4Mo A 691 5B 5CR (11)(67) -20 60 30 20.0 18.1

A387 Gl 5ClL1
5Cr-YMo A 335 5B P5 N
5Cr-Y,Mo-Si A 335 5B P5h — -20 60 30 20.0 18.1
5Cr—Y,Mo-Ti A335 5B P5¢
5Cr-Y,Mo A369 58 FP5 i
9Cr-1Mo A 335 5B P9 N
9Cr-1Mo A 369 5B FP9 = -20 60 30 20.0 18.1
9Cr-1Mo A 691 5B 9CR

A 387 GI—9-€t—+ -
3Cr-1Mo A 335 5A P21 l
3Cr-1Mo A 369 5A FP21 e -20 60 30 20.0 18.7
3Cr-1Mo A 691 5A 3CR (11)(67) -20 60 30 20.0 18.5

A387Gr.21Cl. 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 (7)

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 [ 16.9 163 157 154 151 13.8 13.5 132 128 92 59 ... ... ... ... P2 A 335
183 [18.3 17.9 173 169 16.6 13.8 13.8 13.4 128 92 59 ... ... ... ... YR A 691
{Pl A 335

17.5 [ 16.9 16.3 157 154 151 13.8 13.5 13.2 [12.7 8.2 48 40 2.4 ... .. FP1 A 369
17.5 | 16.9 163 157 15.4 151 13.8 13.5 132 128 9.2 59 40 24 ..., . FP2 A 369
183 [18.3 17.9 173 169 16.6 163 159 154 140 113 7.2 45 28 18<{/ 1.1 1CR A 691
17.0 | 16.3 15.6 149 14.6 142 13.9 13.5 132 125 10.0 6.3 40 24 ... ... CP2 A 426
{PIS A 335

17.6 | 17.0 16.5 159 15.6 153 150 14.4 13.8 125 10.0 6.3 40/ 2.4 ... ... CP15 A 426
17.6 |17.1 16.5 159 15.7 154 151 14.8 142 131 113 7.2 {45 28 1.8 1.1 CP12 A 426
17.1 [16.2 15.4 145 141 13.7 13.3 128 124 109 9.0 5% 3.5 25 1.8 1.2 CP5b A 426
17.4 [ 16.8 16.1 155 152 14.8 145 13.9 132 120 9.0(7.0 55 40 2.7 1.5 CP21 A 426
18.2 [17.3 16.4 155 150 ... ... ... .. oo\, ... L. 4 A 333
17.5 [ 16.4 163 157 154 151 13.9 13.5 13.1 1257100 62 42 26 1.4 1.0 FP3b A 369
{PlZ A 335

18.0 | 17.5 17.2 16.7 16.2 156 152 15.0 14.5%12.8 11.3 7.2 45 28 18 1.1 FP12 A 369
{Pll A 335

18.0 [17.5 17.2 167 16.2 156 15.2 150 145 128 93 63 42 28 1.9 1.2-FP11 A 369
20.0 [19.7 18.9 183 18.0 17.6 AA3 16.8 163 150 99 63 42 28 19 1.2 1YCR A 691
17.4 [17.2 171 16.8 16.6 16.3~13.2 12.8 121 109 80 58 42 28 2.0 1.3 5CR A 691
P5 A 335

17.4 (172 171 16,8,°16.6 163 13.2 12.8 121 109 80 58 42 29 1.8  1.04 P5b A 335
P5c A 335

| FP5 A 369

Fo A 335

17.4 172171 16.8 16.6 163 13.2 12.8 121 11.4 106 7.4 50 33 22 1.5 FP9 A 369
| 9CR A 691

{PZl A 335

18.0 17.5 17.2 167 16.2 156 152 150 140 120 9.0 7.0 55 40 2.7 1.5 FP21 A 369
18.1 17.9 17.9 17.9 17.9 179 179 17.8 140 120 9.0 70 55 40 27 15 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-1Md A 691 5A 2Y,CR (11)(67)
A387 Gl 22Cl. 1 72)(75)
2Y,Cr-1Md A 369 5A FP22 (72)(75) -20 60 30 20.0 18.5
2Y,Cr-1Md A 335 5A P22 (72)(75)
2Ni-1Cu A 333
2Ni-1Cu A 334 9A 9 -100 63 46 21.0
2YNi A 333
2YiNi A 334 9A 7 -100 65 35 21.7 19.6
3YNi A 333
3YNi 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 204 Gr. A 672 3 L65 :L
C-Mo A 204 Gr. A 691 3 CM65 (11)(58)(67) -20 65 37 21.7 21.7
2Y,Ni A 208 Gr. A 671 9A CF70 l
3V,Ni A 208 Gr. A 671 9B CF71 1) (65)(67) -20 70 40 23.3
C—Mo A 204 Gr. A 672 3 L70 l
C-Mo A 204 Gr. A 691 3 CM70 (11)(58)(67) -20 70 40 23.3 23.3
1Y,cr-Y%Mp A 426 4 CPT1 (10) -20 70 40 23.3 23.3
2Y,Cr-1Md A 426 5A CP22 (10)(72) -20 70 40 23.3 23.3
C-Mo A 204 Gr. A 672 3 L75 l
C-Mo A 204 Gr. A 691 3 CM75 (11)(58)(67) -20 75 43 25.0 25.0
9Cr—1Mo— A 335
< 3 in. thick
9Cr—1Mo-— A 691 5B P91 -20 85 60 28.3 28.3
< 3 in. thick
5Cr-Y4Mo AL26 5B CP5 (10) -20 90 60 30.0 28.0
9Cr-1Mo A 426 5B CP9 (10) -20 90 60 30.0 22.5
ONi A 333 11A 8 47 l
9Ni A 334 11A 8 ... -320 100 75 31.7 31.7
Plates
Y4Cr=Y,Mo A 387 3 2CL1 -20 55 33 18.3 18.3
1Cr-Y5Mo 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 (7)

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)

2Y,CR A 691

18.0 [ 17.9 17.9 179 179 179 179 17.8 145 12.8 108 7.8 51 32 2.0 1.6 FP22 A 369
P22 A 335

_I:A333

9 A 334

_I:A333

19.6 [ 18.7 17.6 16.8 163 155 13.9 11.4 90 65 45 25 1.6 1.0 .. ... 7 A 334
_I:A333

19.6 [18.7 17.8 16.8 16.3 155 13.9 114 90 65 45 25 1.6/ 10 ... ... 3 A 334
21.7 [ 21.7 213 207 204 200 163 157 14.4 [125 100 63 40 24 ... ... CP1 A 426
{Lés A 672

21.7 [ 207 20.0 193 19.0 18.6 16.3 158 153 [13.7 8.2 (48 40 2.4 ... ...~ CMé65 A 691
{cwo A 671

...LCF71 A 671

{UO A 672

233|225 217 209 205 201 17.5 17.5 17.1%[13.7 82 48 40 2.4 ... ...1.CM70 A 691
2331233 229 223 21.6 209 155 150N'144 137 93 63 42 28 19 12 CP11 A 426
233 (233 2209 223 216 209 175 175 160 140 110 7.8 51 32 2.0 1.2 CP22 A 426
{us A 672

25.0 | 24.1 233 225 221 21.7° 188 18.8 183 [13.7 82 48 40 24 ... ... CM75 A 691
j:A335

283 (28.2 28.1 277 9n3 267 259 249 237 223 207 180 140 103 7.0 43 P91 A 691
26.1 [24.1 221201 19.0 175 16.0 145 12.8 104 7.6 56 42 31 1.8 1.0 CP5 A 426
225 (22,5 225\ 22,5 225 220 21.0 19.4 173 150 107 85 55 33 22 15 CP9 A 426
{8 A 333

.8 A 334

Plates

183 18.3 17.9 173 169 16.6 13.8 13.8 13.4 128 92 59 ... ... ... ... 2cC.1 A 387
18.3 18.3 17.9 17.3 169 16.6 163 159 154 140 113 7.2 45 28 1.8 1.1 12Cl.1 A 387
17.4 17.2 171 16.8 16.6 163 13.2 12.8 121 11.4 10.6 7.4 50 33 22 15 9cCl.1 A 387
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(06) 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 (Cont’d)
1Y,Cr-Y%Mp A 387 4 11CL 1 -20 60 35 20.0 20.0
5Cr-Y5Mo A 387 5B 5Cl1 -20 60 30 200 18.1
3Cr-1Mo A 387 5A 21Cl1 -20 60 30 20.0 18.5
2Y,Cr-1Md A 387 5A 22Cl1 (72) -20 60 30 20.0 18.5
2Y,Ni A 203 9A A l
3YNi 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-Y4Mo A 387 4 12 ClL 2 e -20 65 40 21.7 21.7
2Y,Ni A 203 9A B l
3YNi A 203 9B E (12)(65) | -20 70 40 23.3 21.1
Y4Cr=Y,Mo| A 387 3 2Cl2 e %20 70 45 23.3 17.5
C-Y%Mo A 204 3 B (58) -20 70 40 23.3 23.3
Cr-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
1Y,Cr-Y%Mp A 387 4 11 ClL 2 -20 75 45 25.0 25.0
5Cr-1,Mo A 387 5B 5Cl 2 ~20 75 45 25.0 24.9
3Cr-Y%Mo A 387 5A 21 Cl 2 ... -20 75 45 25.0 25.0
2Y,Cr-1Md A 387 5A 22l 2 (72) -20 75 45 25.0 25.0
Mn—-Mo A 302 3 B
Mn—Mo-Ni A 302 3 C . -20 80 50 26.7 26.7
Mn—Mo-Ni A 302 3 D
Cr-Mn-Si A 202 4 B -20 85 47 28.4 27.1
9Cr—1Mo— A 387 5B 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 .
5Ni ABLS 11A -275 95 65 31.7 31.6
9Ni K553 11A Type | “7) -320 100 85
9Ni A 353 11A 47) -320 100 75 31.7 31.7
;EForgings and‘Fittings (2)
C¥1/2M0 A 234 3 WP1 (58) =20 55 30 183 18.3
1Cr-Y,Mo A 182 4 F12 Cl. 1 © -20 60 30
1Cr-YMo A 234 4 WP12 Cl. 1 -20 60 32 20.0 18.7
1Y,Cr-Y%Mo A 182 4 F11 Cl. 1 © l
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) (06)
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 (7)

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 18,9 183 18.0 17.6 173 16.8 163 137 93 63 42 28 1.9 1.2 11C.1 A 387
17.4 [17.2 171 16.8 16.6 163 13.2 128 121 109 80 58 42 29 1.8 1.0 5.1 A 387
18.1 [17.9 17.9 179 179 179 179 17.8 140 120 90 7.0 55 40 2.7 1.5 21€l\ A 387
18.0 [17.9 17.9 179 179 179 179 17.8 145 128 108 80 57 3.8 24 1.4 22C~A1 A 387
_I:A A 203

19.6 [ 16.3 163 163 163 155 13.9 114 9.0 65 45 25 ... ... ... {=HD A 203
21.7 [20.7 20.0 193 19.0 18.6 16.3 158 153 [13.7 82 48 40 2.4 NV ... A A 204
21.7 [21.7 217 209 205 201 19.7 19.2 187 180 113 7.2 45 2.8 (N8 1.1 12ClL2 A 387
{B A 203

21.1 [17.5 175 175 175 166 14.8 120 93 65 45 25 .., SJ. ... ...-E A 203
17.5 [17.5 17,5 175 175 175 17.5 17.5 16.8 145 100 63 NS ... ... ... 2C.2 A 387
233 (225 21.7 209 205 201 175 17.5 17.1 [13.7 82 48 <40 24 ... ... B A 204
22.8 [21.6 205 193 188 17.7 157 120 7.8 50 3.0 _ N5 A A 202
25.0 [25.0 25.0 25.0 250 250 183 177 16.8 137 8248 ... ... ... ... A A 302
25.0 [24.1 233 225 221 217 18.8 188 183 [13.7 &2 48 40 24 ... ... C A 204
25.0 [25.0 24.3 23.5 231 227 222 21.6 211 130 93 63 42 28 1.9 1.2 11CL2 A 387
242 (241 23.9 236 232 228 165 16.0 151 109 80 58 42 29 1.8 1.0 5Cl2 A 387
245 [24.1 23.9 23.8 23.6 234 23.0 225 1908131 95 68 49 3.2 2.4 13 21CL2 A 387
245 (241 23.9 23.8 236 234 23.0 225 2i.8 170 114 78 51 32 20 1.2 22Cl.2 A 387
B A 302

26.7 | 26.7 267 267 267 267 19.6 “188 179 137 82 48 ... ... ... ..A¢C A 302
D A 302

25.8 [24.5 23.2 219 213 198 77 120 78 50 30 15 ... ... ... ... B A 202
283 [28.2 28.1 277 273 26.7- 25.9 249 237 223 20.7 180 140 103 7.0 43 91CL2 A 387
Type |l A 553

A 645

{Typel A 553

e A 353

Forgings and Fittings (2)

1751469 163 157 154 151 138 135 132 |12 82 /8 4.0 24 WP1 A 234

F12 Cl. 1 A 182
18.0 17.5 17.2 16.7 16.2 156 15.2 15.0 14.5 12.8 113 7.2 4.5 2.8 1.8 1.1 WP12 Cl. 1 A 234

F11 Cl. 1 A 182
18.0 17,5 17.2 16.7 16.2 156 152 150 145 128 9.3 6.3 4.2 2.8 1.9 1.2-_WP11 Cl. 1 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)
Forgingc and Fiffingc (7) ({'nnf’d)
2Y,Cr-1Md A 182 ... F22 Cl. 1 972)(75)
2Y,Cr-1Md A 234 5A WP22 Cl. 1 (72) -20 60 30 20:0 18.5
5Cr-Y4Mo A 234 5B WP5 .. -20 60 30 20.0 18.1
9Cr-1Mo A 234 5B WP9 .. -20 60 30 20.0 18.1
3YNi A 420 9B WPL3 .. -150 65 35 21.7
3YNi A 350 9B LF3 ©) -150 70 37.5 23.3
Y5 Cr=Y4Mol A 182 3 F2 ©) -20 70 40 23.3 23.3
c-%Mo A 182 3 F1 (9)(58) -20 70 40 23.3 23.3
1Cr-Y%Mo A 182 4 F12 Cl. 2 ©) l
1Cr-Y,Mo A 234 4 WP12 Cl. 2 . -20 70 40 23.3 23.3
1Y,Cr-Y5Mb A 182 4 F11 Cl. 2 © l
1Y,cr-Y%Mp A 234 4 WP11 Cl. 2 . -20 70 40 23.3 23.3
5Cr-Y4Mo 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—1Mg A 182 5A F22 CL. 3 9)(72) l
2Y,Cr-1Md A 234 5A WP22:EV 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 5B F91
< 3 in. thick
9Cr-1Mo- A 234 58 WP91 -20 85 60 28.3 28.3
< 3 in. thick
5Cr-YMo A 182 5B F5a © -20 90 65 30.0 29.9
9Ni A 420 11A WPL8 47) -320 110 75 31.7 31.7
Castings|(2)
C-%Mo A/352 3 LC1 9)(58) -75 65 35 21.7 21.5
Cc-%Mo A 217 3 wc1 (9)(58) -20 65 35 21.7 21.5
2VoNi A 352 9A LC2 © -100 :L
3YNi A 352 9B LC3 © -150 70 40 23.3 17.5
Ni-Cr-Y,Mo A 217 7 WCE © —20 70 70 23.3 23.3
Ni-Cr-1Mo A 217 4 WC5 ©) -20 70 40 23.3 23.3
1Y,cr-Y%Mo A 217 4 WC6 ) -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 cs ©) -20 90 60 30.0 29.9
9Cr—1Mo A 217 5B €12 © -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 (7)

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)
Forgings-and-Fittings(2) (Cont’d)

{FZZ cl.a A 182
18.0 [ 17.9 17.9 179 179 179 17.9 17.8 145 128 10.8 7.8 51 32 2.0 1.2 Wp22Gl+ A 234

174 (17.2 171 168 16.6 163 13.2 12.8 12.1 109 8.0 5.8 4.2 2.9 1.8 1.0  WP5 A 234
174 (17.2 171 16.8 16.6 163 13.2 12.8 12.1 11.4 10.6 7.4 5.0 3.3 2.2 175, “WP9 A 234
WPL3 A 420
LF3 A 350
23.3 [22.5 21.7 209 20.5 201 17.5 17.5 17.1 [|15.0 9.2 5.9 ce AN . ... F2 A 182
23.3 (225 217 209 205 201 175 175 17.1 13.7 8.2 4.8 4.0 2.4 R ... R A 182
F12 Cl. 2 A 182

2331225 21.7 209 20.5 20.1 19.7 19.2 18.7 18.0 113 7.2 4.5 2.8 1.8 1.1 WP12 Cl. 2 A 234

F11 Cl. 2 A 182
23.3 (225 21.7 209 205 20.1 19.7 19.2 187 13.7 93 6.3 4.2 2.8 1.9 1.2 WP11 Cl. 2 A 234

22,6 (224 224 22.0 217 213 154 14.8 14.1 10.9-18.0 5.8 4.2 2.9 1.8 1.0 F5 A 182

2451241 239 23.8 23.6 23.4 23.0 225 19.0_1311 95 6.8 4.9 3.2 2.4 1.3 21 A 182

{FZZ c.3 A 182
245|241 23.9 23.8 23.6 23.4 23.0 225218 170 11.4 78 51 32 20 124 WP22cl.3 A 234

27.5|27.2 271 268 263 258 187 181 171 162 11.0 74 50 33 22 15 F9 A 182
j:m A 182
283 [28.2 281 277 273 267 1259 249 237 223 20.7 18.0 140 103 7.0 43— WP91 A 234
29.1 [28.9 287 283 2797973 19.8 19.1 143 109 80 58 42 29 1.8 1.0 Fsa A 182
WPL8 A 420

Catings (2)

20.5 119.7 18.9 1853 18.0 17.6 ... ... i i el i Ll .11 A 352
205 [19.7 189\ 183 18.0 17.6 16.2 158 153 [|13.7 82 48 40 2.4 ... ... Wl A 352

J:ch A 352
17.5 11767175 175 17.5 ... ... ... . e o.. ... ... ..M A 352
23.3 225 21.7 209 205 201 175 175 171 150 92 59 ... ... ... ... WG A 217
23.3 22,5 21.7 209 20.5 20.1 17.5 17.5 171 163 11.0 6.9 46 28 ... ... WC5 A 217
23.3 22,5 21.7 209 20.5 20.1 19.7 19.2 187 145 11.0 6.9 46 28 25 13 WC6 A 217
23.1 22,5 22.4 224 222 219 215 21.0 19.8 17.0 11.4 7.8 51 32 20 1.2 WC9 A 217
29.1 289 287 283 279 273 198 191 143 109 80 58 42 29 18 1.0 5 A 217
29.1 28.9 287 283 279 273 19.8 19.1 182 165 11.0 7.4 50 33 22 15 (12 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. Temp., M Temp.
Material No. 5) Grade Notes °F (6) Tensile Yield t0100 200 300 400 500 600
Stainless Steel (3)(4)
Pipes and-Tubes. (‘))
18Cr-10Ni-Ti[ pipe A312
smls > % ih. thick
18Cr-10Ni-Tif pipe A376 8 TP321 (30)36) —425| 70 25 16.7 16.7 16.7 16.1, 16.1| 15.2
> % in. thigk
18Cr-8Ni tubp A269 8 TP304L  (14)(36) -425])
18Cr-8Ni pip A312 8 TP304L =425 70 25 16.7 16.7°(16.7 158 14.8| 14.0
Type 304L A 240 A358 8 304L (36) -425] |
16Cr-12Ni-2Mo tube A269 8 TP316L (14)(36) —425|_
16Cr-12Ni-2Mo pipe A312 8 TP316L =425 70 25 16:7 16.7 16.7 155 14.4| 135
Type 316L A 240 A358 8 316L (36) -425] |
18Cr-10Ni-Ti[ pipe A312
smls > % ih. thick ~
18Cr-10Ni-Tif pipe A376 8 TP321 (28)(30)(36) =425
> % in. thigk
18Cr-10Ni-Tif pipe A312 8 TP321H (30)(36) =325 70 25 16.7 16.7 167 16.7 16.1| 152
smls > % ih. thick
18Cr—10Ni-T{ pipe A376 8 TP321H ... -325:
> ¥ in. thitk
23Cr-13Ni A451 8 CPH8 (26)(28)(35) =325 65 28 18.7 187 187 187 187| 18.0
25Cr-20Ni A451 8 CPK20 (12)(28)(35)(39) -325 65 28 18.7 187 187 187 187| 18.0
11Cr=Ti tube A268 7 TP409 (35 -20 60 30 20.0
18Cr-Ti tube A268 7 TP430Ti (35)(49) -20 60 40 20.0
15Cr-13Ni-2Mo-Ch A451 S8 CPFIOMC (29 -325 70 30 20.0
16Cr-8Ni-2Mo pipe A376 8 16-8-2H (26)(31)(35) -325 75 30 20.0
1;2Cr—Al tube A268 7 TP405 (35 -20 60 30 20.0 18.4 17.7 174 17.2] 16.8
13Cr tube A268 6 TP410 35 -20 60 30 20.0 184 17.7 174 17.2] 168
16Cr tube A268 7 TP430 (35)(49) -20 60 35 20.0 20.0 19.6 192 19.01 185
1$Cr—13Ni—3 0 pipe A312 8 TP317L -325 75 30 20.0 20.0 20.0 189 17.7| 16.8
25Cr-20Ni pipe A312 8 TP310 (28)(35)(39) ]
Type 310S A D40 A 358 .58 3108 28)31)B35(36) | -325 75 30 200 200 200 200 200| 19.2
25Cr-20Ni pipe A 4098 TP310 (28)(31)(35)(36,
(39) _
18Cr-10Ni-Tf pipe A312 8 P321 (30) ]
smls < % ih. thk &wid B
18Cr—10Ni-T{ pipe A358 8 321
18Cr-10Ni-Tif pipe A 3761 (30)36) - -425)| 75 30 20.0 20.0 200 200 19.3| 183
< ¥ in. thick l J
18Cr-10Ni-Ti pipe A409 8 321
23Cr-12Ni pipe A312 8 TP309 (28)(35)(39) -325
Type 309S A 240 A358 8 3095 (28)(31)(35)(36) -325 75 30 20.0 20.0 20.0 200 200 19.2
23Cr-12Ni pipe A409 8 TP309 (28)(31)(35)(36) -325
(39)
18Cr-8Ni A451 8 CPF8 (26)(28) -425 70 30 20.0 20.0 19.8 175 16.4 157
156
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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 (7)

Spec.
650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.

Stainless Steel (3)(4)
Dipnc and-Tubes (2)

A312

149 |146 143 141 140 138 13.6 135 9.6 6.9 5.0 3.6 2.6 1.7 11 0.8 0.5 0:3-TP32 A 376

CTP30fL A 269
137 |135 133 130 128 119 99 78 63 51 40 32 26 21 17 11)-%0 091 TP30KL  A312

L 304L A 358
[(TP316L A 269
132 129 126 124 121 118 115 112 108 102 88 64 47 35 257718 13 109 TP31fL A 312
| 316L A 358
[ TP32 A312
P32 A 376

149 |146 143 141 140 138 136 13.5] 117 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 TP32|H A312

L TP32]H A 376
174 |17.1] 168 163 128 124 11.8 104 84  64- (50 37 29 23 17 13 09 08 CPHS A 451
174 [17.1] 168 163 128 124 11.9 110/ 98 84\“72 60 48 34 23 15 11 08 CPKp A 451
TP40D A 268

TP430Ti A 268

LAY ... (CPFIgMC A 451

168pH  A376

165 [16.2] 157 151 104 97 84« NAD ... ... L. oo TR0 A 268
165 [16.2] 157 151 104 97  8ENN64 b4 29 18 10 ... .. oo oo oL TP A 268
182 |[17.6] 171 164 104 97 (857 65 45 32 24 18 ... ... ... ... ... ... P43 A 268
166 |162 158 155 152 &) ... ... e A312
[ TP31 A 312

188 |183 180 175 4%V 139 125 110/ 71 50 36 25 15 08 05 04 03 02 3108 A 358
| TP31 A 409

[ 1P32 A 312

321 A358

179 [175-717.2 169 167 166 164 162 96 69 50 36 26 17 11 08 05 034 TP32 A376
| TP321 A 409

(" TP309 A 312

188 183| 180 175 146 139 125 105/ 85 65 50 38 29 23 18 13 09 074 3095 A358
| TP309 A 409

153 151 149 148 129 127 123 108 95 74 58 44 32 24 18 13 10 08 (PR A 451
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2006

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

P-No. or Min. Specified Mir}. Min.
Spec. S-No. Temp., M Temp.
Material No. (5) Grade Notes °F (6) Tensile Yield to 100 200 300 400 500 600

Stainless Steel (3)(4) (Cont’d)

Pipes and-Tubes (‘)) (f'nnf’d)
18Cr-10Ni-C pipe A312 8 P347 .. -425 ]
Type 347 A 240 A358 8 347 (30)(36) -425
18Cr-10Ni-Cb pipe A376 8 TP347 (30)(36) =425
18Cr-10Ni-Ch pipe A409 8 TP347 (30)(36) =425 75 30 20.0 20.0 20.0 *‘20.0 199 193
18Cr-10Ni-C pipe A312 8 TP348 . -325
Type 348 A 210 A358 8 348 (30)(36) -325
18Cr-10Ni-Cb pipe A376 8 TP348 (30)(36) -325
18Cr-10Ni-Ch pipe A409 8 TP348 (30)(36) =325
23Cr-13Ni A451 8 CPH10 or  (12)(14)(28)35)(39)  -325 70 30 20.0 20.0 200 200 20.0f 19.2

CPH20

25Cr-20Ni pipe A312 8 TP310 (28)(29)(35)(39) j|‘ -325 75 30 20.0 20.0 200 200 20.0f 19.2
Type 310S A p40 A358 8 310S (28)(29/(31)(35)(36)
18Cr-10Ni-C A451 8 CPF8C (28) -325 70 30 20.0 20.0 200 200 193 183
18Cr-10Ni-Ti pipe A312 8 P321 (28)(30)

smls < % ih. thk; wid
Type 321 A 2§40 A358 8 321
18Cr-10Ni-Tif pipe A 376 -425\p 75 30 20.0 20.0 200 200 193 183

< ¥ in. thigk 8 TP321 (28)30)(36)
18Cr-10Ni-Ti[ pipe A 409
18Cr-10Ni-Ti| pipe A376 8 TP321H (30)(36) -325

<% in. thigk
18Cr-10Ni-Ti| pipe A312 8 TP321H -325

smls < % ih. thk; wid
16Cr-12Ni-Mo tube A269 8 TP316 (14)(26)(28)31)36)  -425 7
16Cr-12Ni-2Mo pipe A312 8 TP316 (26)(28) -425
Type 316 A 240 A358 8 316 (26)28)31)(36) -425
16Cr-12Ni-2Mo pipe A376 8 TP316 (26)(28)(31)(36) =425 75 30 20.0 20.0 20.0 193 17.9| 17.0
16Cr-12Ni-2Mo pipe A409 8 TP316 (26)28)31)(36) -425
18Cr-3Ni-3Mo pipe A312 8 TP317 (26)(28) -325
18Cr-3Ni-3Mo pipe A409 8 TP317 (26)28)(31)(36) -325
16Cr-12Ni-2Mo pipe A376- 8 P316H  (26)31)(36) -325|
16Cr-12Ni-2Mo pipe A3 8 TP316H (26) -325 75 30 20.0 20.0 20.0 193 17.9| 17.0
18Cr-10Ni-Ch pipe A376 8 P347H  (30)(36) -325|]
18Cr-10Ni-Cb pipe A312 8 TP347 (28) =425
Type 347 A 240 A358 8 347 (28)(30)(36) -425
18Cr-10Ni-Ch pie A376 8 TP347 (28)(30)(36) -425
18Cr-10Ni-Cb pipe A409 8 TP347 (28)(30)(36) =425 75 30 20.0 20.0 20.0 200 199 193
18Cr-10Ni-Cb pipe A312 8 TP348 (28) -325
Type 348 A 240 A358 8 348 (28)(30)(36) —325‘
18Cr-10Ni-Cb pipe A376 8 TP348 (28)(30)(36) -325
18Cr-10Ni-Cb pipe A409 8 TP348 (28)(30)(36) -325 |
18Cr-10Ni-Cb pipe A312 8 TP347H 1
18Cr-10Ni-Cb pipe A312 8 TP348H -325 75 30 20.0 20.0 20.0 200 199 193
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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 (7)

Spec.
650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.

Stainless Steel (3)(4) (Cont’d)
Di.r_\nc and-Tubes ( (Cont’d)

(~Tp3ap A312
347 A358
P34} A376
19.0 |18.6 185 184 182 181 181 180 121 91 61 44 33 22 15 12 09 “*0.8q P34 A 409
P34 A312
348 A358
P34 A 376
| TP34 A 409
18.8 |183| 180 17.4 135 133 124 105 84 64 50 37 29 23 17713 09 08 CPHIpor A451
CPH20
18.8 |183| 180 175 146 139 125 110/ 98 85 73 60 48 3500723 16 1.1 0.8‘|:TP31 A312
3108 A 358
180 [175 172 171 140 139 137 134| 130 108 80 50 35 Y27 20 14 11 1.0 CPF8f A 451
[ TP32 A312
321 A 358
179 |17.5 172 169 167 166 164 162 117 91 69 54 41 32 25 19 15 1.1 TP32 A376
P32 A 409
P32{H A 376
L TP32]H  A312
[ TP31 A 269
P31 A312
316 A358
167 163 161 159 157 155 154 153| 145 124 98 74 55 41 31 23 17 134 TP31 A376
P31 A 409
P31f A312
P31f A 409
| TP316H A 376
167 163 161 159/ 157 155 154 153 145 124 98 74 55 41 31 23 17 13 TP3fH  A312
[TP34fH  A376
P34f A312
347 A 358
TP34f A376
190 186 185 184 182 181 181 180| 171 142 105 79 59 44 32 25 18 13- TP347 A 409
TP348 A312
348 A 358
TP348 A376
| TP348 A 409

‘|:TP347H A 312
19.0 186 185 184 182 181 181 180 171 142 105 79 59 44 32 25 18  13-LTP348H A 312
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2006

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. s h ki Min.
Spec. S-No. Temp., M Temp.
Material No. 5) Grade Notes °F (6) Tensile Yield to 100 200 300 400 500 600
Stainless Steel (3)(4) (Cont’d)
Pipes and-Tubes. (‘)) (f'nnl-’d)
18Cr-8Ni tubp A269 8 TP304 (14)(26)(28)(31)(36) -425
18Cr-8Ni pip A312 8 TP304 (26)(28) -425
Type 304 A 240 A358 8 304 (26)(28)31)(36) -425 75 30 20.0 20.0 200 18.7, 17.5] 16.4
18Cr-8Ni pip A376 8 TP304 (20)(26)(28)(31)(36) -425
18Cr-8Ni pip A376 8 TP304H (26)(31)(36) -325
18Cr-8Ni pip A409 8 TP304 (26)(28)(31)(36) -425
18Cr-8Ni pip A312 8 TP304H (26) -325 75 30 20.0 20:0 ~20.0 187 17.5| 16.4
18Cr-10Ni-Mo A451 8 CPF8M (26)(28) -425 70 30 20.0 20007 20.0 19.4 18.1] 1741
20Cr-Cu tubd A268 10 TP443 1
27Cr tube A268 10l TP446 (35) -20| 70 40 233 233 214 204 19.4| 184
24Cr-9Ni-N A451 8 CPE20N (35)39) —325| 80 40 26.7 262 249 233 220 214
23Cr-4Ni-N A 7891
23Cr-4Ni-N A 790 = 10H $32304 (25) -60 87 58 29.0 279 263 253 249 24.5]
123/4Cr A426 6 CPCA-15 (10)(35) -20 90 65 30.0
22Cr-5Ni-3Mo A7891
22Cr-5Ni-3Mo A 790 - 10H 531803 (25) -60 90 65 30.0 300 289 279 272 26.9|
26Cr-4Ni-Mol A 7891
26Cr-4Ni-Md A 790 - 10H 532900 (25) =20 90 70 30.0 . |
25Cr-8Ni-3Mo- A 789
W-Cu-N
25Cr-8Ni-3Mo- A790 S-10H 532760 (25) -60 109 80 36.3 359 344 340 34.0( 34.0|
W-Cu-N
25Cr-7Ni-4Mo-N A7891
25Cr-7Ni-4Mo-N A 790 - 10H $32750 (25) -20 116 80 38.7 350 331 319 314 31.2|
24Cr-17Ni-6Mn- A358 S8 534565 (36) -325 115 60 38.3 381 358 345 338] 332
4%, Mo-N
Plates and Sheets
18Cr-10Ni A240 8 305 (26)(36)(39) -325 70 25 16.7
12Cr-Al A 240, /<7 405 (35) -20 60 25 16.7 15.3 148 145 143| 14.0
18Cr-8Ni A40° 8 304L (36) -425 70 25 16.7 16.7 16.7 156 14.8| 14.0
16Cr-12Ni-2Mo A240 8 316L (36) -425 70 25 16.7 16.7 16.7 155 14.4] 13.5
18Cr-Ti-Al A 240 X8m (35) -20 65 30 20.0
18Cr-8Ni A167 53 3028 6)28131)36)39 325 739 200 200 200 187 1741 164
18Cr-Ni A240 8 302 (26)(36) -325 75 30 20.0 20.0 200 18.7 17.4 16.4
13Cr A240 7 410S (35)(50) -20 60 30 20.0 18.4 177 174 172 168
13Cr A240 6 410 (35) -20 65 30 20.0 18.4 177 174 172 168
15Cr A240 6 429 1
17Cr A240 7 430 (35) -20 65 30 20.0 18.4 177 174 172 168
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ASME B31.3-2006

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 (7)

Spec.

650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.
Stainless Steel (3)(4) (Cont’d)

Di.r_\nc and Tubas ( (cOnt’d)

TP304 A 269

P304 A312

16.2 |16.0 15.6 152 149 146 144 138 12.2 9.7 7.7 6.0 4.7 3.7 2.9 2.3 1.8 1.47 304 A 358
P304 A 376

TP304H A 376

TP304 A 409

16.2 |16.0 15.6 152 149 146 144 13.8 12.2 9.7 7.7 6.0 4.7 3.7 2.9 23 1.8 1.4 TP304H A312
16.7 [16.2 158 155 147 144 140 134 11.4 9.3 8.0 6.8 5.3 4.0 3.0 23 1.9 1.4  CPF8 A 451
{TPM A 268

18.0 |175 169 16.2 151 13.0 6.9 4.5 ... L TP44 A 268
213 121.2 211 21.0 20.8 20.5 CPE2DN A 451
{A789

S323p4 A790

CPCA}15 A 426

‘|:A789

S318p3 A790

‘|:A789

S329p0 A 790

J;A7s9

S327p0 A 790

{A789

S327p0 A 790
33.1 |327 324 320 S345p5 A 358
Plates and Sheets

305 A 240

13.8 |13.5 11.6 11.1€ /404 9.6 8.4 4.0 405 A 240
13.7 |13.5 133 _ 130" 128 119 9.9 7.8 6.3 5.1 4.0 3.2 2.6 2.1 1.7 11 1.0 0.9 304L A 240
13.2 [129 1267124 121 118 115 112 108 10.2 8.8 6.4 4.7 3.5 25 1.8 1.3 1.0 316L A 240
Xsm A 240

161 W59 156 152 149 143 127 3028 A 167
16.1 159 15,6 152 149 146 143 13.7 302 A 240
16,5 16.2| 157 151 10.4 9.6 8.4 6.4 4.4 2.9 1.7 1.0 410S A 240
16.5 16.2| 157 151 11.2 10.4 8.8 6.4 4.4 2.9 1.7 1.0 ... 410 A 240
{429 A 240

16.5 16.2| 157 151 112 10.4 9.2 9.5 4.5 3.2 2.4 1.7 ... 430 A 240
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2006

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

P-No. or Min. Sspe‘iﬁe‘; “:‘("]' Min.
Spec. S-No. Temp., M Temp.
Material No. (5) Grade Notes °F (6) Tensile Yield to 100 200 300 400 500 600
Stainless Steel (3)(4) (Cont’d)
Plates and-Sheets. (('nnf'rl)
18Cr-13Ni-3Mo A240 8 317L (36) -325 75 30 20.0 20.0 200 18.9 ~17.7| 16.8
25Cr-20Ni A167 S8 310 (28)(35)(36)(39) ]‘—325 75 30 20.0 20.0 200 2000~ 20.0f 19.2
25Cr-20Ni A240 8 310S (28)(35)(36)
18Cr-10Ni-Ti A240 8 321 (30)(36) -325 75 30 20.0 20.0 20.0~ 200 193 183
20Cr-10Ni A167 S8 308 6)(26)31)39) -325 75 30 20.0 16,7 ¥ 15.0 13.6 125 11.6
23Cr=12Ni A167 S8 309 (12(28)(31)(35)
(36)39)
23Cr=12Ni A240 8 309S (28)(35)(36) -325 75 30 20.0 20.0 200 200 20.0f 19.2
18Cr-10Ni-C A240 8 347 (36) —425]‘ 75 30 20.0 20.0 200 200 199 193
18Cr-10Ni-C A240 8 348 (36) -325
25Cr-20Ni A167 S8 310 (28)(29)(35)(36)
39
25Cr-20Ni A240 8 310S (28)(29)(35)(36) -325 75 30 20.0 20.0 200 200 20.0f 19.2
18Cr-10Ni-Ti A240 8 321 (28)(30)(36) l
18Cr-10Ni-Ti A240 8 321H (36) -325 75 30 20.0 20.0 200 200 19.3| 183
16Cr-12Ni-2Mo A240 8 316 (26)(28)(36) —4251
18Cr-13Ni-3Mo A240 8 317 (26)(28)(36) -325 75 30 20.0 20.0 200 193 179 17.0
18Cr-10Ni-C Al67 8 347 (28)30)(36) 1
18Cr-10Ni-C A240 8 347 (28)(36) =425
18Cr-10Ni-C Al67 8 348 (28)(30)(36) :L 75 30 20.0 20.0 200 200 199 193
18Cr-10Ni-C A240 8 348 (28)(36) -325
18Cr-8Ni A240 8 304 (26)(28)(36) -426 75 30 20.0 20.0 20.0 18.7 17.5| 16.4
25Cr-8Ni-3Mo-W-Cu-N A 240  S-10H $32760 (25) -60 109 80 36.3 359 344 340 340 34.0
Forgings|and Fittings (2)
18Cr-13Ni-3Mo A182 8 F317L 9)(21a) -325 70 25 16.7 16.7 16.0 15.6 14.8] 14.0
<5 in. thk|
18Cr-8Ni AL87™ 8 F304L 9)(21a) -425
~ 18Cr-8Ni A403 8 WP304L (32)(37) —425| 70 25 16.7 16.7 16.7 158 14.8]| 14.0
16Cr-12Ni-2Mo A182 8 F316L 9)(21a) —4251
. 16Cr-12Ni-2Mo A403 8 WP316L (3237) =425 70 25 16.7 16.7 16.7 155 14.4| 135
20N|_8Cr ’I\‘ 181 Q Flﬂ (1L)(‘7Q)(30) ‘)1EI 8(\ 20 ‘)(\.I’\
18Cr-13Ni-3Mo A403 8 WP317L (32)(37) -325 75 30 20.0 20.0 200 189 17.7 16.8
25Cr-20Ni A182 8 F310 9)(21)(28)(35) -325|
39
25Cr-20Ni A403 8 WP310 (28)32)(35)(37) -325| 75 30 20.0 20.0 200 200 200 19.2
39
162

Copyright ASME International
Provided by IHS under license with ASME

No reproduction or networking permitted without license from IHS

Licensee=Aker Maritime/5944276101

Not for Resale, 08/23/2007 05:10:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2006.pdf

ASME B31.3-2006

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 (7)

Spec.

650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500  Grade No.

Stainless Steel (3)(4) (Cont’d)

Platas and Sheaat (Cont’d)

166 [16.2 158 155 152 347 A 240

188 [18.3| 180 175 146 139 125 110 71 50 36 25 15 08 05 04 03 0.2—[310 A 167

3105 A 240

179 |17.5 172 169 167 166 164 162 96 69 50 36 26 1.7 11 08 05\ 03 321 A 240

11.2 108 104 100 97 94 91 88| 85 75 57 45 32 24 18 14 10 07 308 A 167

{309 A 167

188 [18.3| 18.0 175 146 139 125 105 85 65 50 38 29 23 87 13 09  0.7-3099 A 240

19.0 |18.6 185 184 182 181 181 130/ 121 91 61 44 33 220)°15 12 09 0.8‘|:347 A 240

348 A 240

{310 A 167

188 |183| 180 175 146 139 125 110/ 98 85 73 60,048 35 23 1.6 11 0.8+ 3109 A 240

{321 A 240

179 175 172 169 167 166 164 162| 117 91  69%>54 41 32 25 19 15 1.1 32IH A 240

{316 A 240

167 |163 161 159 157 155 154 153| 145 124\N98 74 55 41 31 23 17 134317 A 240

347 A 167

347 A 240

19.0 |186 185 184 182 181 181 180/ ¥ 142 105 79 59 49 32 25 18 13- 348 A 167

348 A 240

16.2 [16.0 156 152 149 146 144 38" 122 97 77 60 47 37 29 23 18 14 304 A 240

$32760 A 240

Forgings and Fittings (2)

13.8 |13.5 132 13.0 127 F317 A 182

{FBOA A 182

13.7 [135 133 «I30° 128 119 99 78 63 51 40 32 26 21 17 11 1.0  09-WP3Q4L  A403

{me A 182

13.2 |129“126 124 121 118 115 112 108 102 88 64 47 35 25 1.8 13  10-_WP3l6L A 403

— F10 A 182

166 162 158 155 152 WP317L A 403

F310 A 182

188 183| 180 175 146 139 125 110/ 71 50 36 25 15 08 05 04 03 0.2 WP310 A 403
163
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2006

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. Temp., M Temp.
Material No. (5) Grade °F (6) Tensile Yield to 100 200 300 400 500 600
Stainless Steel (3)(4) (Cont’d)
Forgings rand-Fittings—(2)(Cont’d)
18Cr-10Ni-Ti A182 8 F21 -325 1
18Cr-10Ni-Ti A403 8 WP321 -325 75 30 200 200 200 200°\19.3[ 183
23Cr-12Ni A403 8 WP309 -325 75 30 200 200 200 1200 200| 19.2
25Cr-20Ni A182 8 F310 -325
25Cr-20Ni A403 8 WP310 -325 b 75 30 200 _ W00~ 200 200 200| 19.2
18Cr-10Ni-C A182 8 F347 -425]
18Cr-10Ni-C A403 8 WP347 -425)
18Cr-10Ni-C A182 8 F348 -325 T 75 30, 200 200 200 200 199 193
18Cr-10Ni-C A403 8 WP348 -325|
18Cr-10Ni-Tj A182 8 F321 7
18Cr-10Ni-Ti A182 8 F321H -325|
18Cr-10Ni-Ti A403 8 Wp321 ]~ - 75 30 200 200 200 200 193 183
18Cr-10Ni-Ti A403 8 WP321H -325
16Cr-12Ni-2Mo A403 8 WP316H -325| 75 30 200 200 200 193 179 17.0
16Cr-12Ni-2Mo A182 8 F316H 2325 75 30 200 200 200 193 17.9| 17.0
18Cr-10Ni-C A403 8 WP347H -325|]
18Cr-10Ni-C A182 8 F347 -425
18Cr-10Ni-C A403 8 WP347 -425)
18Cr-10Ni-C A182 8 F348 -325 75 30 200 200 200 200 199 193
18Cr-10Ni-C A403 8 WP348 -325/_
18Cr-10Ni-C A182 8 F347H
18Cr-10Ni-C A182 8 F348H -325 75 30 200 200 200 200 199 193
16Cr-12Ni-2Mo A182 8 F316 =325 ]
16Cr-12Ni-2Mo A403 8 WP316 -425| 75 30 200 200 200 193 179 17.0
18Cr-13Ni-3Mo A403 8 Wp317 -325
18Cr-8Ni A182 «8 F304 -425 1
18Cr-8Ni A 4030 )-8 WP304 -425 75 30 200 200 200 187 175 16.4
18Cr-8Ni ALo3 8 WP304H -325 1
18Cr-8Ni A182 8 F304H -325 75 30 200 200 200 187 175 164
13Cr A182 6 Féa Cl. 1 -20 70 40 233 233 226 224 220| 215
13Cr A182 6 Féa Cl. 2 -20 85 55 283 283 278 272 268| 261
25Cr-8Ni-3Mo=W=Cu-N___ A 182 ]
25C-8Ni-3Mo-W-Cu-N A 815 FS-10H  $32760 ) -60 109 80 363 359 344 340 340 340
13Cr A182  S6 Féa Cl. 3 ) -20 110 8 366
13Cr-Y4Mo A182 6 F6b ) . 110-135 90 366
13Cr A182  S6 Féa Cl. 4 ) -20 130 110 433

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Aker Maritime/5944276101

Not for Resale, 08/23/2007 05:10:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2006.pdf

ASME B31.3-2006

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 (7)

Spec.
650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.

Stainless Steel (3)(4) (Cont’d)
Fnrgings a-n-d-ﬁ-t-t-mgs—(]' i (Cont’d)

{FBZl A 182
179 175 172 169 167 166 164 162 96 69 50 36 26 17 11 08 05  037NWP33 A 403

—

188 |183| 18.0 175 146 139 125 105 8.5 6.5 5.0 3.8 2.9 23 1.7 13 0.9 0.7 WP3Q9 A 403

[ F310 A 182

188 |183| 18.0 175 146 139 125 110 9.8 8.7 7.3 6.0 4.8 3.5 23 1.6 1.1 0.8 L WP310 A 403

[ F347 A 182
WP347  A403
19.0 |18.6 185 184 182 181 181 180 121 91 61 44 33 <227 15 12 09 0.8 F348 A 182
L WP348 A 403
F321 A 182
F321H A 182

17.9 (175 172 169 167 16.6 164 162 11.7 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 WP311 A 403
L WP331H A 403

16.7 1163 161 159 157 155 154 153| 145 124 98 7.4 5.5 4.1 3.1 23 17 13 WP316H A 403

167 |163 161 159 157 155 154 153 145 12.4. (98 74 55 41 31 23 17 13 F316 A 182
(WP3q7H A 403
F347 A 182
WP347  A403
19.0 [18.6 185 184 182 181 181 18.0|-MAY 142 105 7.9 59 44 32 25 18 13- F348 A 182
L WP348 A 403

{F3471 A 182
19.0 [18.6 185 184 182 181 18T\M80 171 142 105 79 59 44 32 25 18 13- F348H A 182

[ F316 A 182
167 |163 161 159 157 155 ) 154 153| 145 124 98 74 55 41 31 23 17 139 WP3l6  A403
L WP3]7 A 403

‘[FBOA A 182
162 160 156 152{Ak9 146 144 138 122 97 77 60 47 37 29 23 18 14 WP3Q4  A403

‘|:WP3 4LH A 403
162 |160 156,52 149 146 144 138 122 97 77 60 47 37 29 23 18  14-LF04f A 182

211 (2062599 191 112 104 88 64 ... e il madl A182
257 (2501044 232 144 123 88 64 44 29 18 10 ... .. e ee oo ... Fad.2 A182
[s327b0 A182
...1.532760  A815

Féa Cl.3  A182
Féb A 182
Féa Cl.4  A182
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2006

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. Temp., M Temp.
Material No. 5) Grade Notes °F (6) Tensile Yield to 100 200 300 400 500 600
Stainless Steel (3)(4) (Cont’d)
Bar
18Cr-8Ni A479 8 304 (26)(28)(31) -425 75 30 20.0 200 200 18.7 (d%5| 16.4
Castings|(2)
28Ni-20Cr-2Mo-3Cb A351 45 CN7M 9)(30) -325 62 25 16.6
35Ni-15Cr-Mo A351  S-45 HT30 (36)39) —325| 65 28 18.6 . () e e e
25Cr-13Ni A351 8 CH8 961 -325 65 28 18.6 18.65/186 186 186| 18.0
25Cr-20Ni A351 8 CK20 9)27)(31)35)(39) —325| 65 28 18.6 186, 186 186 186]| 18.0
15Cr-15Ni-2Mo-Ch A351 S8 CF1oMmC (30) -325 70 30 20.0 o . s ce. el
18Cr-8Ni A351 8 CF3 ) -425 70 30 20:0 20.0 19.7 17.6 16.4| 15.6
17Cr-10Ni-2Mo A351 8 CF3M ©) 425 70 30 20.0 180 17.4 16.6 16.0| 15.4
18Cr-8Ni A351 8 CF8 9)26)(27)31) -425 70 30 20.0 20.0 20.0 18.7 17.4| 16.4
25Cr-13Ni A351 S8 CH10 27)(31)(35) l
25Cr-13Ni A351 8 CH20 9)27)(31)35)(39) —325| 70 30 20.0 20.0 20.0 200 20.0f 19.2
20Cr-10Ni-C A351 8 CF8C 9)(27)(30) -325 70 30 20.0 20.0 200 193 18.6| 185
18Cr-10Ni-2Mo A351 8 CF8M 9)26)(27)30) -425 70 30 20.0 20.0 20.0 19.4 181 17.1
25Cr-20Ni A351 S8 HK40 (35)(36)(39) -325 62 35 20.6
25Cr-20Ni A351 8 HK30 (3539 =325 65 35 21.6
18Cr-8Ni A351 8 CF3A 9)(56) 1
18Cr-8Ni A351 8 CF8A 9)(26)(56) -425| 77 35 233 233 226 218 2051 193
25Cr-10Ni-N A351 8 CE20N (3539 -325 80 40 26.7 262 249 233  220| 214
2 12Cr A217 6 CA15 (35) =20 90 65 30.0 215 208 200 193 18.8
24Cr-10Ni-Mo-N A351 10H CESMN ) -60 95 65 31.7 316 293 28.2 282 282
. 25Cr-8Ni-3Mo-W-Cu-N A351 S-10H CD3M- 9)(25) -60 100 65 333 333 319 319 311 311
: W-Cu-N
" 13Cr-4Ni A487 6 CABNM (9)35) -20 110 80 36.7 36.7 354 350 344 337
. CLA
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ASME B31.3-2006

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 (7)

Spec.
650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.

Stainless Steel (3)(4) (Cont’d)

Bar
162 [160 156 152 149 147 144 141] 124 98 77 61 47 37 29 23 18 14 304 A 479
Castings (2)
Y T T ¢\ /4 A 351
R O o HT30] A 351
180 [171 167 164 127 125 117 105 85 65 55 37 29 20 17 124909 07 CH8 A 351
175 [17.1] 167 164 127 125 119 110 97 85 72 60 47 35 24 Le, 11 07 (K20 A 351
CFlofc  A351
152|150 149 147 ... ... . i e L. (B A 351
150|146 144 140 132 ... .. oo e ee Lo N0 LB A 351
161 (159 155 151| 144 142 139 122 95 75 60 48 39 A3 27 23 20 17 (R A351
{cmo A351
18.7 [18.2] 18.0 175\ 136 132 125 105 85 85 50 37 2% 20 17 12 09  0.7-LCH20 A351
184 (182 182 182 181 181 181 180 171 142 105  7.9NJ54 44 32 25 18 13 CFC A 351
16.7 |16.2 157 156 147 145 140 13.1] 115 94 80 67 52 40 3.0 24 19 15 (8 A351
HK40) A 351
HK30 A351
{CFBA A 351
189 |17.6 ... .. .o o o L N ... L CF8A A 351
213 [212] 211 210 208 205 ... ... ST o e eo 20 A351
184 181 175 168 149 110 76 50( 933 23 15 1.0 ... ... ... ... ... ... CAL5 A 217
CE8MN A 351
cD3M- A 351
W-Qu-N
332 (326 ... L. e N R o1 A 487
cl.|a

167
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ASME B31.3-2006

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. Specified Mir}.
S-No. Size Temp., S”Lth’ks'
Material Spec. No. (5)(46) Class Temper Range, in. Notes °F(6) Tensile Yield
Copper and Copper Alloy
Pipes and-Tubes (‘))
Cu pipe B 42 31 C10200, C12000, 061
C12200
Cu tube B 75 31 C10200, C12000, 050, 060
C12200
Cu tube B 68 :L
Cu tube B 88 S-31 C12200 050, 060 (24) —452 30 9
Cu tube B 280 S-31 C12200 060 (24)
Red brass pipe B 43 32 C23000 061 =452 40 12
90Cu—10Ni B 467 34 C70600 WO050, WO61 > 4.5 O.D.:L
90Cu—10N;j 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—30N;j B 467 34 C71500 WO50, WO61 >4.5)0.D. (14) -452 45 15
80Cu—20Ni B 466 34 C71000 Annealed <4.5 0.D. (14) -452 45 16
Cu pipe B 42 31 €10200, C12000, H55 NPS 2Y,
C12200 thru 12
Cu tube B 75 31 C10200, C12000, H58 (14)(34) —452 36 30
C12200
Cu tube B 88 S-31 C12200 H55 (14)(24)
(34)
70Cu—30Nil B 466 34 C71500 060 (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 %
C12200 thru 2
Cu tube B 75 31 €10200, C12000, H80 (14)(34) -452 45 40
C12200
Plates anpd Sheets
Cu B 152 31 C10200, C10400, 025 (14)(24) —452 30 10
C10500, C10700
C12200, C12300
90Cu—10Nif B+171 34 C70600 e < 2.5 thk. (14) —452 40 15
Cu-Si B 96 33 C65500 061 e Ce —452 52 18
70Cu—30Nil B 171 34 C71500 Ce < 2.5 thk. (14) —452 50 20
Al-bronze B 169 35 C61400 025, 060 <2.0thk. (13) —452 70 30
Symbols in Temper Column
025 = hot rolled, annealed  WO061 = welded, fully finished,
050 = light annealed annealed
060 = soft annealed H = drawn
061 = annealed H55 = light drawn
WO050 = welded, annealed H58 = drawn, general purpose
H80 = hard drawn
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ASME B31.3-2006

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 (7)

Min.
Temp.
to 100 150 200 250 300 350 400 450 500 550 600 650 700 Class Spec. No.
Copper and Copper Alloy
Dipnc and-Tubes (2)
C10200, C12000; B 42
12200
C10200, €12000, B 75
C12200
C12200 B 68
6.0 5.1 4.8 4.8 4.7 4.0 3.0 1.5 0.8 €12200 B 88
€12200 B 280
8.0 8.0 8.0 8.0 8.0 7.0 5.0 2.0 C23000 B 43
[ €70600 B 467
8.7 8.4 8.3 8.0 7.8 7.7 7.6 7.5 7.3 7.0 6.0 . C70600 B 466
10.0 9.7 9.5 9.3 9.0 8.7 8.7 8.6 8.0 7.0 6.0 - - C70600 B 467
10.0 9.6 9.5 9.2 9.1 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 10.3 10.1 9.9 9.6 9.3 8.9 84 7.7 7.0 C71000 B 466
C10200, C12000, B 42
C12200
12.0 12.0 12.0 12.0 11.6 11.4 10.5 C10200, C12000, B 75
C12200
C12200 B 88
12.0 11.6 11.3 11.0 10.8 10.6 10.3 (101 9.9 9.8 9.6 9.5 9.4 C71500 B 466
13.3 12.7 12.3 12.1 11.8 11.7 116 11.5 11.4 11.3 11.2 111 10.4 C71500 B 467
C10200, C12000, B 42
C12200
15.0 15.0 15.0 15.0 14.7 137 4.3 C10200, C12000, B 75
C12200
Plates and Sheets
6.7 5.8 5.5 52 5.1 4.0 3.0 1.5 0.8 €10200, C10400, B 152
C10500, C10700
C12200, C12300
10.0 9.7 935 9.3 9.0 8.7 8.7 8.6 8.0 7.0 6.0 C70600 B 171
12.0 120N 1.9 117 10.0 5.0 C65500 B 96
13.3 1257 12.3 12.1 11.8 11.7 11.6 11.5 11.4 11.3 11.2 111 10.4 C71500 B 171
20.0 20,0 19.9 198 19.6 19.4 19.2 191 19.0 C61400 B 169
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. S;ecifiei I\:I(m
S-No. Size Temp., _>trength, ksi
Material Spec. No. (5)(46) Class Temper Range, in. Notes °F (6) Tensile  Yield

Copper and Copper Alloy (Cont’d)

Forgings
Cuf B 283 S-31 C11000 (14) —452 33 11
High Si-brpnze (A) B 283 S-33 C65500 (14) —452 52 18
Forging brass B 283 a 37700 (14) -325 58 23
Leaded nayal brass B 283 a C48500 (14) =325 62 24
Naval bras B 283 S-32 C46400 (14) —425 64 26
Mn-bronzd (A) B 283 S-32 C67500 (14) £325 72 34

Castings|(2)
Compositign bronze B 62 a 83600 %) -325 30 14
Leaded Ni-{bronze B 584 a C97300 -325 30 15
Leaded Ni{bronze B 584 a C97600 -325 40 17
Leaded Sntbronze B 584 a C92300 -325 36 16
Leaded Sntbronze B 584 a €92200 e -325 34 16
Steam brorze B 61 a €92200 9) -325 34 16
Sn—bronze B 584 b C90300 -325 40 18
Sn-bronze B 584 b C90500 -325 40 18
Leaded Mnf-bronze B 584 a C86400 9) -325 60 20
Leaded Ni-{bronze B 584 a C97800 -325 50 22
No. 1 Mn-bronze B 584 b C86500 -325 65 25
Al-bronze B 148 535 €95200 ©) :L
Al-bronze B 148 S-35 C95300 - —425 65 25
Si—Al-bronge B 148 S-35 C95600 -325 60 28
Al-bronze B 148 S-35 €95400 -325 75 30
Mn—-bronzg B 584 a C86700 -325 80 32
Al-bronze B 148 S-35 C95500 -452 90 40
High strength B 584 b C86200 -325 90 45

Mn-bror|ze
High strength B 584 b C86300 -325 110 60

Mn-bror|ze
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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 (7)

Min.
Temp.
to 100 150 200 250 300 350 400 450 500 550 600 650 700 Class Spec. No.
Copper and Copper Alloy (Cont’d)

Forgings
7.3 6.7 6.5 6.3 5.0 3.8 2.5 1.5 0.8 A A . A C11000 B 283
12.0 10.0 10.0 10.0 10.0 5.0 2.0 . ce . . . ... (€65500 B 283
15.3 12.5 12.0 11.2 10.5 7.5 2.0 C37700 B 283
16.0 15.2 15.0 14.1 13.0 8.5 2.0 A . e . . A C48500 B 283
17.3 15.8 153 14.2 13.0 9.0 2.0 . e . . . ... C46400 B 283
22.7 129 12.0 11.2 105 7.5 2.0 Ce e Ce e Ce ... » C67500 B 283
Captings (2)

9.4 9.4 9.4 9.4 9.1 8.9 8.6 8.5 e . . C. ... (83600 B 62
10.0 ... (€97300 B 584
10.0 7.5 7.3 6.9 6.3 . ce . e . - L ... (€97600 B 584
10.6 9.0 9.0 9.0 8.5 8.0 7.0 Ce - R Y, .. ... (€92300 B 584
10.6 10.6 10.6 10.6 10.6 10.6 10.3 Ce ce Ce Ra Ce ... (€92200 B 584

10.6 10.6 10.6 10.6 10.6 10.6 10.3 9.6 9.0 6.3 ce . ... (€92200 B 61
12.0 10.0 9.5 9.3 8.5 8.0 7.0 - A ~ - - - ... (€90300 B 584
12.0 12.0 12.0 12.0 12.0 11.9 11.0 C90500 B 584
13.3 12.8 12.0 11.3 10.5 7.5 C86400 B 584
14.6 10.4 9.4 8.5 7.5 7.0 e . 7o . - . ... (€97800 B 584
16.6 14.8 13.4 12.0 10.5 7.5 . . . . Ce A . . C86500 B 584
{@5200 B 148
16.3 15.7 15.2 14.7 14.5 14.2 1402 14.2 14.2 11.7 7.4 .. e €95300 B 148
18.8 C95600 B 148
20.0 18.8 180 173 16.3 15.6 148 129 11.0 . - . ... (095400 B 148
21.3 17.5 15.3 12.9 10.5 7.5 A e e A e A C86700 B 584
26.6 22,5 21.0 19.5 18.00_J16.5 15.0 13.5 12.0 - - .. ... (€95500 B 148
30.0 19.5 173 16.5 10.5 7.5 ... (86200 B 584
36.6 23.3 19.0 148 10.5 7.5 A e A e A . . C86300 B 584
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ASME B31.3-2006

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. " X Min.
or Size Min. Specified M"?' Temp.
Spec. S-No.  UNS Range, Temp., M to
Material No. (5 No. Class in. Notes  °F(6) Tensile Yield 100 200 300 400 500 600 650 700 750
Nickel and Nickel A"f\\,l (/l)
Pipes and Tubes (2)
Low C-Ni B161 41 1
Low C-Ni B 725 S41 N02201 Annealed >50.D. -325 50 10 6.7 64 63 62 62 62 62 6.] 6.1
Ni B161 41 1
Ni B 725 S41 -N02200 Annealed >50.D. -325 55 12 8.0 80 80 80 8.0, 8.0
Low C-Ni B161 41 1
Low C-Ni B 725 S41 N02201 Annealed <50.D. -325 50 12 8.0 7.7 75 7% A5 75 75 7.4 7.3
Ni B161 41 1
Ni B 725 S41 -N02200 Annealed <50.D. -325 55 15 10.0 10.0 10.0~10:0 10.0 10.0
Ni-Cu B165 42 1
Ni-Cu B 725 S42 _|-N04400 Annealed >50.D. ... -325 70 25 16.7 1471377 132 132 132 13.2 131 13.0
Ni-Fe-Cr B 407 45 N08800 H.F. or (76) -325 65 25 16.7 A6.7716.7 158 149 14.6 14.4 143 14.2
H.F. ann.
Ni-Cr-Fe B167 43 N06600 H.F. or >50.D. -325 75 25 wyN/16.7 16.7 16.7 16.7 16.7 16.7 16.f 16.7
H.F. ann.
Ni-Fe-Cr B 407 45 N08810 C.D. sol. (62)(76)
ann. or
H.F. ann.
Ni-Fe-Cr B 514 45 N08810 Annealed (62)(76) --325 65 25 16.7 167 167 167 16.7 16,5 16.0 151 15.4
Ni-Fe-Cr B 407 45 N08811 C.D. sol. (62)(76) -325 65 25 16.7 167 167 167 167 16,5 16.0 151 15.4
ann. or
H.F. ann.
Ni-Cu B165 42 l
Ni-Cu B 725 S42 _-N04400 Annealed <50D. ... -325 70 28 18.7 164 154 148 148 148 148 144 146
Ni-Fe-Cr-Mo| B 619 45  N08320 Sol. ann. (26) 1
Ni-Fe-Cr-Mo| B 622 45 N08320 Sol. ann. -325 75 28 18.7 187 186 179 176 175 175 17.% 174
Low C-Ni B161 41 1
Low C-Ni B 725 S41 _|-N02201 Str. rel. -325 60 30 20.0 15.0 15.0 148 147 142 ... ..
Ni-Fe-Cr B 514 45 N08800 Annealed R (76) -325 75 30 200 20.0 20.0 20.0 20.0 20.0 20.0 20.¢ 20.0
Ni-Cr-Fe B 167 43 N06600 H.F. or <50.D.
H.E annm.
Ni-Cr-Fe B 167 43 N06600  (D."ann. >50.D. -325 80 30 200 20.0 20.0 20.0 20.0 20.0 20.0 20.¢ 20.0
Ni-Fe-Cr B 407 45 N0880Q.\ C:D. ann. 61) -325 75 30 200 20.0 20.0 20.0 20.0 20.0 20.0 20.Q 20.0
Ni 81611
Ni B 725_41 N02200 Str. rel. -325 65 40 21,6 163 163 163 16.0 15.4
Cr-Ni-Fe-Mof- B 464
Cu-Ch
Cr-Ni-Fe-Mo} B 72945 N08020 Annealed (76) -325 80 35 233 20.0 19.8 194 19.3 193 19.2 19.1 19.2
Cu-Cb
Ni-Cr-Fe-Mo-Ci  \B423 45 N08825 C.D. ann. -325 85 35 233 233 233 233 233 233 233 233 232
Ni-Cr-Fe-Mo-Ci— B 705 45 NUS8Z5 ... = =375 B85 35 233 233 233 233 233 233 233 233 232
Ni-Cr-Fe-Mo-Cu B 619 45 N06007  Sol. ann. (76) -325 90 35 233 233 233 233 233 227 225 223 220
Ni-Cr-Fe-Mo-Cu B 622 45 N06007  Sol. ann. -325 90 35 233 233 233 233 233 227 225 223 220
Ni-Cr-Fe B167 43  N06600 CD.ann.  <50.. ... 1
Ni-Cr-Fe B517 43 N06600 C.D. ann. (76) -325 80 35 233 233 233 233 233 233 233 233 233
Ni-Mo-Cr B 619 44 N06455  Sol. ann. (76) -325 100 40 26.7 249 24.9 24.9 24.7 24.4 24.2 24.0 23.8
Abbreviations in Class Column:
ann. annealed forg. forged H.R. hot rolled R, rolled sol. solution
C.D. cold worked H.F.  hot worked plt. plate rel.  relieved str.  stress
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ASME B31.3-2006

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 (7)

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 (4)

Pipes and [Tubes (2)

{B 161
5.9 5.8 4.5 3.7 3.0 2.4 2.0 1.5 1.2 N02201-_B 725
B 161
N02200-_B 725
B 161
7.2 5.8 4.5 3.7 3.0 2.4 2.0 1.5 1.2 N02201-_B 725
B 161
N02200-_B 725
B 165
12.7 |11.8 8.0 N04400-_B 725
140 |13.2 131 129 128 12.7 12.7 100 7.0 6.0 4.6 3.6 2.8 2.% 1.7 NO3800 B 407
16.7 |16.5 159 159 7.0 4.5 3.0 2.2 2.0 NO§600 B 167
B 407
153 |15.1 148 146 144 13.7 116 9.3 7.4 5.9 4.7 3.8 3.0 2.4 1.9 1.5 1.2 1.0 NO§810- B 514
153 |15.1 148 146 144 13.7 129 104 8.3 6.7 5.4 4.3 3.4 2.7 2.2 1.7 1.4 1.1 NO§811 B 407
‘|:B 165
142 |11.0 8.0 N04400-_B 725
‘|:B 619
17.2 N0§320-_B 622
‘|:B 161
N02201-_B 725
20.0 183 182 179 17.6 17.0 ~13.0 9.8 6.6 4.6 2.0 1.6 1.1 1.0 0.6 NO§800 B 514
B 167
20.0 |19.6 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N0$600- B 167
20.0 1183 182 179 _1A6V 17.0 13.0 9.8 6.6 4.2 2.0 1.6 1.1 1.0 0.8 NO0§800 B 407
B 161
N02200-{ B 725
B 464
19.1 N0§020-_B 729
23.0 [229 228 226 223 NO§825 B 423
23.0 229 228 226 223 N08825 B 705
218 202 20.0 19.5 189 N06007 B 619
21.8 N06007 _B 622
‘LB 167
23.3 200 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06600-1_B 517
22.9 N06455 B 619
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ASME B31.3-2006

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. Size Temp., SULM 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 (4) (Cont’d)
Pipes and-Tubes. (‘)) (rnnf’rl)
Ni-Cr-Mo-Fé B619 43  NO06002  Sol. ann. 76) :L
Ni—Cr—-Mo—Fd B 622 43 N06002 Sol. ann. .. —-325 100 40 26.7 23.3 23.3 22.9 22.2 281 2.7 20.3
Low C-Ni-Fe-Qr-Mo-Cu B 619 45 N08031  Annealed (76)
Low C-Ni-Fe-Qr-Mo-Cu B 622 45 N08031 Annealed —-325 94 40 26.7 26.7 26.6 24.8 "23)2 22.1 21.8 21.2
Ni—-Mo-Cr B 622 44 N06455 Sol. ann. .. -325 100 40 26.8 26.7 26.7 26.A 26.7 26.7 26¢.7 26.5
Ni—Mo-Cr B 619 44 N10276  Sol. ann. (76) 7
Ni—-Mo-Cr B 622 44 N10276 Sol. ann. —325 100 41 27.3 27.3427,3 27.3 26.9 25.4 24.7 24.0
Ni-Cu B165 42 :L
Ni—-Cu B 725 S42 N04400 Str. rel. . (54) -325 85 55 28.83%.21.2 21.2 21.0 21.0” P
Fe-Ni-Cr-Md-Cu-N B 675 45 N08367  Annealed > Y6 76) |
Fe-Ni-Cr-Md-Cu-N B 690 45 NO8367  Annealed > Y6 (76)
Fe-Ni-Cr-Md-Cu-N B 804 45 N08367 Annealed > 3/15 e =325 95 45  30.0 30.0 29.9 28.6 27.7 26.2 2%.6 25.1
Fe-Ni-Cr—-Md-Cu-N B 675 45  NO08367  Annealed <Y 76 ]
Fe-Ni-Cr-Md-Cu-N B 690 45 N08367  Annealed <% (76)
Fe-Ni-Cr-Md-Cu-N B 804 45 N08367 Annealed §3/16 . _—325 100 45  30.0 30.0 30.0 29.6 27.7 26.2 23}.6 25.1
Ni-Cr—Mo B 619 44 N06022  Sol. ann. . (76)
Ni-Cr-Mo B 622 44 N06022 Sol. ann. . —325 100 45 30.0 30.0 30.0 30.0 28.6 27.1 24.5 25.9
Low C-Ni-CtMo B 619 44  N06059  Sol. ann. 76 ]
Low C-Ni-Cr}-Mo B 622 44 N06059 Sol. ann. ~—325 100 45 30.0 30.0 30.0 30.0 29.6 28.1 21.5 26.7
Ni-Mo B 619}
Ni-Mo B 622 | 44 N10001 Sol. ann. -325 100 45 30.0 30.0 30.0 30.0 30.0 30.0 3¢.0 30.0
Ni-Mo B619 44  N10665  Sol. ann. 76) :L
Ni-Mo B 622 44 N10665 Sol. ann. . —325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0
Ni-Cr-Mo-C B 444 43 N06625 Annealed (64)(70) -325 120 60 40.0 40.0 40.0 40.0 38.9 38.0 3}.7 37.4
Plates and Sheets
Low C—Ni B 162 41 N02201 H.R.
plt..ann.
Low C-Ni B 162 41 N02201 H.R. plt -325 50 12 8.0 77 75 75 75 75 76 7.4
as R.
Ni B 162 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 12.5 115
as R.
Ni—Fe—Cr B 409+ \45 N08810 Annealed All -325 65 25 16.7 16.7 16.7 16.7 16.7 16.7 14.0 15.7
Ni—-Fe-Cr B 409, 45 NO8811 Annealed All -325 65 25 16.7 16.7 16.7 16.7 16.7 16.7 164.0 15.7
Ni-Fe—-Cr-Md B.\620 45 N08320 Sol. ann. All -325 75 28 18.7 18.7 18.6 17.9 17.6 17.5 1f.5 17.5
Ni—-Cu B 127 42 N04400 H.R. -325 70 28 18.7 16.4 154 14.8 14.8 14.8 14.8 14.8
plt. ann.
Ni—Cr-Fe-Mo-Cu B 582 45 N06007 Sol. ann. > -325 85 30 20.0 20.0 20.0 20.0 20.0 19.4 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 20.0 20.0
Ni—Cr-Fe-Mo-Cu B 424 45 N08825 Annealed -325 85 35 23.3 233 23.3 23.3 23.3 23.3 23.3 23.3
Cr-Ni-Fe-Mo-Cu-Cb B 463 45 N08020 Annealed All -325 80 35 23.3 20.0 19.8 19.4 19.3 19.3 19.2 19.2
Ni—Cr-Fe—Mo-Cu B 582 45 N06007 Sol. ann. S3/4 -325 90 35 23.3 23.3 23.3 23.3 23.3 22.7 22.5 22.3
Ni—-Cr-Fe—-Mo B 435 43 N06002 H.R sol. ann. All -325 95 35 23.3 21.1 189 16.6 16.0 15.5 15.5 15.5
Ni—Cr—Fe B 168 43 N06600 H.R. plt. ann. -325 80 35 23.3 23.3 23.2 23.2 23.2 23.2 23.2 23.2
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2006

- 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 (7)

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 (4) (Cont’d)
Dipnc and Tubas (‘) (cOnt’d)
‘|:B 619
20.1 |19.8 19.7 19.6 19.5 193 19.3 175 141 113 9.3 7.7 6.1 4.8 3.8 3.0 NO60¢2 B 622
‘|:B 619
20.9 |20.5 N080B1 B 622
26.1 |25.8 NO6455 B 622
B 619
235 [23.0 226 223 221 21.8 185 150 122 9.8 7.8 N102f6 - B 622
‘|:B 165
NO4400 —{ B 725
B 675
B 690
24.7 [24.3 239 23.6 N083¢7 _=B 804
B 675
B 690
24.7 243 239 23.6 N083¢7 — B 804
B 619
25.5 |25.1 N060%2 B 622
‘|:B 619
26.1 |25.6 N060%9 B 622
‘|:B 619
30.0 |29.8 N100¢1 B 622
‘|:B 619
34.0 |34.0 ... N106¢5 B 622
37.4 |37.4 37.4 37.4 37.4 |37.4 37.4 27.7 210\.13.2 NO6625 B 444
Plates and Sheets
B 162
7.3 7.2 5.8 4.5 3.7 3.0 2.4, 2.0 1.5 1.2 N022¢1 B 162
N02200 B 162
N02200 B 162
15.4 |15.3 15.1 148 J14.6 144 13.7 11.6 93 7.4 5.9 4.7 3.8 3.0 2.4 1.9 1.5 1.2 1.0 N08810 B 409
15.4 [|15.3 15.1, 148 146 14.4 137 129 104 83 67 54 43 34 27 22 1.7 1.4 11  No88l1 B 409
17.4 |17.2 & e N08320 B 620
14.6 |14.2%"11.0 8.0 N04400 B 127
18.8 18.6 185 184 183 183 ... ... ... ... ... ... ... ... T~ NO6007 B 582
20.0 20.0 18.3 18.2 179 17.6 17.0 13.0 9.8 6.6 4.2 2.0 1.6 1.1 1.0 0.8 N08800 B 409
23.2 23.0 229 228 22.6 223 N08825 B 424
19.2 19.1 ... e e . N08020 B 463
220 21.8 203 20.0 19.5 19.0 N06007 B 582
15.5 15.5 N06002 B 435
233 233 200 160 10.6 7.0 45 3.0 22 20 NO6600 B 168
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2006

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or  UNS Min. " Min.
Spec.  S-No. No. or Size Range, Temp., M Temp.
Material No. (5) Grade Class in. Notes °F(6) Tensile Yield to 100 200 300 400 500 600 650 700
Nickel and Nickel Alloy (4) (Cont’d)
Plates and Sheets (2) (Cont’d)
Ni—-Cr—Fe B 168 43 N06600 H.R. plt. -325 85 35 23.3 21.2 21.2 21.2 21.2 21.2r.21.2 21.2
as R.
Ni-Cu B 127 42 N04400 H.R. plt. -325 75 40 25.0 23.5 21.9 21.2 21.2-212 21.2 21.2
as R.
Low C—Ni-Fe}-Cr— B 625 N08031 Annealed All -325 94 40 26.7 26.7 26.6 24.8 232 22.1 21.8 21.2
Mo—-Cu
Low C-Ni-M¢-Cr B 575 44  NO6455 Sol. ann. All -325 100 40 267 26.7 26.7)267 26.7 26.7 26.7 26.5
Low C-Ni-M¢-Cr B 575 44  N10276 Sol.ann. All -325 100 41 273 273 273 27.3 26.9 25.4 24.7 24.0
Ni—Cr-Mo-C B 443 43 N06625 Annealed All (64)(70) -325 110 55 36.7 36.2~36.7 36.7 35.6 34.8 34.6 34.3
plt.
Ni-Cr-Mo-C B 575 44 N06022 Sol. ann. <3/16 -325 100 45 30:0 ¥30.0 30.0 30.0 28.6 27.1 26.5 25.9
sheet
Fe-Ni-Cr-Md-Cu-N B 688 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-Md-Cu-N B 688 45 N08367 Annealed 53/15 -325 100 45 30.0 30.0 30.0 29.6 27.7 26.2 25.6 25.1
Low C-Ni-Cr{-Mo B 575 . N06059 Sol. ann. All -325 100 45 30.0 30.0 30.0 30.0 29.6 28.1 2Y.5 26.7
Ni-Mo B 333 44 N10001 Sol. ann. 23/16,221/2 -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 33.3 33.3 33.3 33.3 33.3 33.3 3.3 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
Forgings|and Fittings (2)
Low C-Ni B 160 41 N02201 Annealed All 9)(9a)
Low C-Ni B 366 41 N02201 B2)(74)_-325 50 10 6.7 6.4 63 62 62 62 6 6.2
Ni B366 S-41 1
Ni B 564 S-41 N02200 B32)(74) -325 55 12 8.0 80 80 80 80 8.0
Ni B 564 S-41 N02200 Anngaled All 9 -325 55 15 10.0 10.0 10.0 10.0 10.0 10.0
Ni-Fe—Cr B 564 45 NOSS]OL
Ni-Fe-Cr B 564  S-45 N08814_f{Annealed 9 -325 65 25 16.2 16.2 16.2 16.2 16.0 16.0 16¢.0 15.7
Ni-Cu B 564 42 NQ4400 Annealed ©) :L
Ni—-Cu B 366 42 NO%4400 B2)(74)_-325 70 25 16.7 14.7 13.7 13.2 13.2 13.2 13.2 13.2
Ni—-Cr-Fe B 366 _S43 N06600 (32)(74) -325 75 25 16.7 16.7 16.7 16.7 16.7 16.7 1¢.7 16.7
Ni-Fe-Cr B 366, \ 45 N08800 Annealed
Ni—-Fe-Cr B 564" 45 N08800 Annealed ) -325 75 30 20.0 20.0 20.0 20.0 20.0 20.0 2¢.0 20.0
Cr-Ni-Fe-Md-Cu—Cb=.B'366 45 N08020 Annealed 1
Cr-Ni-Fe-Md-Cu-Cby) B 462 45 N08020 Annealed ) -325 80 35 23.3 20.0 19.8 19.4 19.3 19.3 19.2 19.2
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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 (7)

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 (4) (Cont’d)
Plates and Sheets (2) (Cont’d)

21.2 |21.2 21.2 21.2 21.2 145 103 7.2 5.8 5.5 NO6690 B 168
209 (203 82 40 ... NO4490 B 127
209 205 ... ... ... NO80B1 B 625
261 |25.8 ... ... ... NO64%5 B 575
235 23.0 226 223 221 21.1 185 150 12.2 9.8 7.8 N10216 B 575
343 343 343 343 343 |34.3 343 254 21.0 132 ... NO66p5 B 443
255 251 ... ... ... N060p2 B 575
24.7 243 239 236 ... NO83¢7 B 688
24.7 1243 239 236 ... N083¢7 B 688
26.1 256 ... ... ... N060%9 B 575
30.0 [29.8 ... ... ... N10091 B 333
333 331 ... ... ... N100¢1 B 333
340 340 ... ... ... N10665 B 333

Forgings and Flttings (2)

{NOZZl B 160
61 [5.9 58 48 37 3.0 24 20  AANTL2 .. .. ..o ..o ... LNo2201 B 366
{NOZZO B 366
... LN022¢0 B 564

N02200 B 564

{NOSSO B 564
154 [153 151 148 146 1445437 116 93 74 59 47 38 30 24 19 15 1.2 1.0 | N088jl B 564

{8564
13.0 [127 110 80 .. aNS o ... ... ... ... Nosspo B 366
16.7 |16.7 165 159 <6 7.0 45 3.0 22 2.0 ... ... eeiiee e ... ... ... Noespo B 366
{8366

20.0 |20.0 18.3,%82 17.9 17.6 170 130 98 66 42 20 16 11 1.0 08 ... ... ... N0s8po B 564
‘|:N0800 B 366

19.2 (190G oo ... ... ... ... ...-1N0S0R0 B 462
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2006

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. s b ksi Min.
Spec. S-No.  UNS No. Size Temp., M Temp.
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 (4) (Cont’d)
Forgingc and Fiffingc (7) ({'nnf’rl)
Ni-Cr-Fe B 564 43 N06600  Annealed All ©) -325 80 35 23.3 23.3 233 23.3 23.3 23323 23.3
Cr—Ni-Fe-Md-Cu B 366 45 N08825  Annealed -325 85 35 23.3 233 233 233 23.3 233 23 23.3
Cr-Ni-Fe-Md-Cu B 564 45 N08825  Annealed -325 85 35 23.3 23.3 233 233 23.3 23.3 23 23.3
Ni—Cr—Mo—Fg B 366 S-43 N06002 (B32)(74) -325 100 40 26.7 23.3 23.3 22.9°\22.3 21.1 20.F 20.3
Low C—Ni-Fef-Cr- B 366
Mo-Cu
Low C—Ni—Fe}-Cr— B 564 [~S-45 N08031 Annealed All -325 94 40 26.7 26.7AN\26'6 24.8 23.2 22.1 21B 21.2
Mo—Cu HW.
Ni-Mo-Cr B366 44  N10276  Sol. ann. All . :L
Ni-Mo—-Cr B 564 44 N10276  Sol. ann. All ) =325 100 41 (293 27.3 27.3 27.3 26.9 25.4 24) 24.0
Ni:—Mo B 366 44 N10001 3B2)(74) -325 100 45 30.0 25.0 25.0 24.7 24.3 24.2 241 24.0
Nfi—Mo—Cr B 366 44 N06022 (32)(74)
NIE—Cr—Mo B 564 44 N06022 —325 100 45  30.0 30.0 30.0 30.0 28.6 27.1 26.p 25.9
Li)w C-Ni-Cri-Mo B 366
Low C-Ni-Cr-Mo B 564 _[~S-44  N06059 HW. sol. ann. All . -325 100 45 30.0 30.0 30.0 30.0 29.6 28.1 27.p 26.7
Ni—-Cr—Mo-C B 564 43 N06625  Annealed <4 9)(64) 325 120 60 40.0 40.0 40.0 40.0 38.3 38.0 37.f 37.4
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
Rod and|Bar
Ni B 160 41 N02200 HW. All ) -325 60 15 10.0 10.0 10.0 10.0 9.5 8.3
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 14.7 13.7 13.2 13.2 13.2 13p 13.2
Ni—Fe—-Cr—-Md B 621 45 N08320 Sol.<ann. All -325 75 28 18.7 187 186 179 17.6 175 17 17.5
Ni—Cr-Fe-Md-Cu B 581 45 N06007 /~Sobk=ann. >3/4 -325 85 30 20.0 20.0 20.0 20.0 20.0 19.4 19.p 19.0
Ni-Fe-Cr-Md-Cu B 425 45 N08825 “Annealed .. -325 85 35 233 23.3 233 233 23.3 23.3 23 233
Ni—-Cr—Fe-Md-Cu B 581 45 N060OZ/ Sol. ann. S3/4 -325 90 35 23.3 223 223 22.3 22.3 22.7 22p 223
Low C—Ni-Fe}-Cr— B 649  S-45_<N08031 Annealed All -325 94 40 26.7 26.7 26.6 24.8 23.2 22.1 21B 21.2
Mo-Cu
Ni—-Cu B 164 42 N04400 HW. All except -325 80 40 26.6 20.0 20.0 20.0 20.0 20.0 20.p 19.2
Ni—-Mo-Cr B, 574 44 N06455 Sol. ann. hex.>21/8 ©) -325 100 40 26.7 26.7 26.7 26.7 26.7 26.7 26.f 26.5
All
Ni—Cr-Mo-C B 446 43 N06625  Annealed > 4t010 (9)(64) -325 110 50 33.3 33.3 33.3 33.3 32.4 31.7 314 31.2
(70)
g 963 =375 T20 60 40.0 40.0 40.0 40.0 38.3 38.0 37.7/ 37.4
|_ (70)
Low C-Ni-Cr—-Mo B 574 S-44 N06059  Sol. ann. All -325 100 45 30.0 30.0 30.0 30.0 29.6 28.1 27.5 26.7
Castings (2)
Ni-Mo—Cr A 494 CW-12MW . .. 9)(46) :L
Ni-Mo-Cr A 494  S-44  CW-6M . ©) =325 72 40 24.0 17.1 16.2 16.2 16.2 16.2 16.1 16.1
Ni-Cr-Mo A 494  S-44  CX-2MW  Sol. ann. © -325 80 45 26.7 25.9 25.3 249 23.6
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Numbers

ASME B31.3-2006

Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
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 (7)

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 (4) (Cont’d)

Forgings-and-Fittings(2) (Cont’d)

233 (233 200 160 106 70 45 3.0 22 2.0 NO6S0O B 564
23.2 |23.0 229 22.8 22.6 223 NO88P5 B 366
232 (230 229 228 22.6 223 NO88P5 B 564
20.1 |19.8 19.7 19.6 19.5 193 184 175 141 113 95 77 61 43 3.8 3.0 NO6092 B 366
‘|:B 366

20.9 [20.5 NO80P1 B 564
‘|:B 366

235 [23.0 22.6 223 221 21.8 185 150 122 9.8 7.8 N102f6 -1 B 564
23.9 |23.8 N100§1 B 366
‘|:B 366

25.5 [25.1 NO60P2 - B 564
‘I:B 366

261 [25.6 ... ... ... ... .. ... ... L. NO60$9 -1 B 564
37.4 37.4 37.4 37.4 37.4] 37.4 374 234 21.0 13.2 NO66R5 B 564
34.0 |34.0 N10665 B 366

Ro¢l and Bar

N02200 B 160

N02200 B 160
13.0 [127 11.0 8.0 NO4400 B 164
17.4 |17.2 NO83P0 B 621
18.8 [18.6 18.5 18.4 183 183 N06007 B 581
232 (230 229 228 226 223 NO88P5 B 425
220 |21.8 20.3 20.0 19.5 19.0 N06007 B 581
20.9 [20.5 NO8OP1 B 649
18.5 |145 85 4.0 NO4400 B 164
26.1 |(25.8 NO64%5 B 574
31.2 3120312 31.2 31.2] 312 312 231 231 21.0 13.2 —’»Noes 5 B 446

37.4 374 37.%4 >/7.4 j/.4i >/7.4 S37.4 374 Z/7.0 Z1.0 15.7 vee

26.1 25.6 NO6059 B 574

Castings (2)
J:CW-HMW A 494

15.7 15.2 148 144 141 13.8 ... LCW-6M A 494
CX-2MW A 494

179

Copyright ASME International
Provided by IHS under license with ASME

No reproduction or networking permitted without license from IHS

Licensee=Aker Maritime/5944276101
Not for Resale, 08/23/2007 05:10:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2006.pdf

Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2006

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1)

P-No. or Min. Specified Mir]. at Metal Temperature, °F (7)
S-No. Temp., M Min. Temp.
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to 100 150 200
Titanium and Titanium Alloy
Pipes and-Tubes (‘))
Ti B 337 51 1 17) -75 35 25 11.7 10.8 9.7
Ti B 337 51 2 :L
Ti-0.2Pd B 337 51 7 17) -75 50 40 16.7 16.7 16.7
Ti B 337 52 3 17 =75 65 55 21.7 20.8 19.0
Plates anpd Sheets
Ti B 265 51 1 -75 35 25 11.6 10.8 9.7
Ti B 265 51 2 -75 50 40 16.7 16.7 16.7
Ti B 265 52 3 -75 65 55 21.7 20.8 19.0
Forgings
Ti B 381 51 F1 -75 35 25 11.7 10.8 9.7
Ti B 381 51 F2 -75 50 40 16.7 16.7 16.7
Ti B 381 52 F3 -75 65 55 21.7 20.8 19.0
Zirconium and Zirconium Alloy
Pipes and Tubes (2)
Zr B 523 :L
Zr B 658 61 R60702 -75 55 30 17.3 16.0 14.7
Zr+Cb B 523 :L
Zr + Cb B 658 62 R60705 (73) =75 80 55 26.7 24.6 22.1
Plates anpd Sheets
Zr B 551 61 R60702 . -75 55 30 17.3 16.0 14.7
Zr + Cb B 551 62 R60705 (73) =75 80 55 26.7 24.6 22.1
Forgings|and Bar
Zr B 493 l
Zr B 550 61 R60702 -75 55 30 17.3 16.0 14.7
Zr + Cbh B 493 62 R60705 (73) =75 70 55 23.3 . e
Zr + Cb B 550 62 R60705 (73) -75 80 55 26.7 24.6 22.1
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2006

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 (7)

250 300 350 400 450 500 550 600 650 700 Grade Spec. No.
Titanium and Titanium Alloy
Dipnc and-Tubes (2)
8.6 7.7 6.9 6.4 6.0 5.3 4.7 4.2 1 B 337
{ 2 B 337
13.7 12.3 10.9 9.8 8.8 8.0 7.5 7.3 7 B 337
17.3 15.6 13.9 12.3 111 9.9 8.9 8.0 3 B 337
Plates ajd Sheets
8.6 7.7 6.9 6.4 6.0 5.3 4.7 4.2 1 B 265
13.7 12.3 10.9 9.8 8.8 8.0 7.5 7.3 2 B 265
17.3 15.6 13.9 12.3 11.1 9.9 8.9 8.0 3 B 265
Forgings
8.6 7.7 6.9 6.4 6.0 5.3 4.7 4.2 F1 B 381
13.7 12.3 10.9 9.8 8.8 8.0 7.5 03 F2 B 381
17.3 15.6 13.9 12.3 11.1 9.9 8.9 8.0 F3 B 381
Zirconium and Zircpnium Alloy
Pipes and [Tubes (2)
J B 523
13.5 12.4 11.5 9.3 8.9 8.1 8.0 7.9 7.2 6.4 R60702 | B 658
J B 523
20.5 18.6 17.7 16.7 16.2 15.6 14.8 13.9 13.6 13.2 R60705 | B 658
Plates and Sheets
13.5 12.4 11.5 9.3 8.9 8.1 8.0 7.9 7.2 6.4 R60702 B 551
20.5 18.6 17.7 16.7 16.2 15.6 14.8 13.9 13.6 13.2 R60705 B 551
Forgingp and Bar
J B 493
13.5 12.4 1145 9.3 8.9 8.1 8.0 7.9 7.2 6.4 R60702 | B 550
R60705 B 493
20.5 18.6 17.7 16.7 16.2 15.6 14.8 13.9 13.6 13.3 R60705 B 550
..... 181
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ASME B31.3-2006

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 (7)

Size or Specified Mi Min.
P-No. or Thickness Min. Specl Ieh k"f' emp.
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 fittoy
 Seamless Pipes and Tubes
B 210, B 241 21 i|‘ 1060 0, H112, (14)(33) -452 8.5 2.5 1.7 1.7 1.6 1.5 13 1.1 0.8
B 345 521 H113
E[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 20 1.9 1.7 1.3 1.0
B 210 21 1100 H113 (14)(33) -452 11 3.5 23 23 2.3 2.3 1.7 1.3 1.0
B 210 21 1100 H14 (14)33) -452 16 14 5.3 5.3 5.3 4.9 2.8 1.9 1.1
B210,B241 21 1
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 g 6.7 6.7 6.7 4.8 4.3 3.0 2.3
B210,B 241 21 1
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 j|‘ Alclad 0, H112 (14)33) =452, ~ 13 4.5 3.0 3.0 3.0 2.8 2.2 1.6 1.3
B 345 S-21 3003
B 210 21 Alclad H14 (14)33) <452 19 16 6.0 6.0 6.0 4.3 3.9 2.7) 21
3003
B 210 21 Alclad H18 (14)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 10.3 103 103 7.5 6.2 4.1 23
B 210 22 5052 H34 (14)(33) -452 34 26 113 113 113 8.4 6.2 4.1 2.3
B 241 25 1
B 210, B 345 S-25 5083 0, H112 (33) -452 39 16 10.7  10.7
B 241 25 i|‘ 5086 0, H112 (33) -452 35 14 9.3 9.3
B 210, B 345 S-25
B 210 S-25 5086 32 (33) =452 40 28 133 133
B 210 S-25 5086 H34 (33) =452 44 34 147 147
B 210 22 5154 0 e -452 30 11 7.3 7.3
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 75 F 5456 0, H112 (33) -452 41 19 12.7 12.7
B 241 S-25
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 1
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 (7)

Size or ified Mi Min.
P-No. or Thickness Min. Sspea Ieh k"}' emp.
S-No. Range, Temp., M to

Spec. No. (5) Grade Temper in. Notes °F(6) Tensile Yield 100 150 200 250 300 350 400
Alumjuum Alloy (Cont’d)

Seamless Pipes and Tubes (Cont’d)
B 210 23 6061 T6 e (33) =452 42 35 14.0 14.0 140 13.2, 113 7.9 5.6
B 241 23 j|‘ 6061 T6 . (33)(63) -452 38 35 12.7 127 127 121 10.6 7.9 5.6
B 345 S-23
B 210,[B 241 23 j|‘ 6061 T4, T6 (22)(63) =452 24 o 8.0 8.0 8.0 7.9 7.4 6.1 4.3
B 345 S-23 wld.
B 210 23 6063 T4 (33) =452 22 10
B 241 23 1
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 1
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 el (33) -452° 33 28 11.0  11.0 105 9.5 7.0 3.4 2.0
B 241 23 1
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 j" 6063 T4, 15, T6 e e —-452 17 ce. 5.7 5.7 5.7 5.6 5.2 3.0 2.0
B 345 S-23 wild.

Welded Pipes and Tubes
B 547 25 5083 0 . 7. -452 40 18 120 120

Striictural Tubes
B 221 21 1060 0, H112 e (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 el (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 . (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 A (33)(69) -452 13 4.5 3.0 3.0 3.0 2.8 2.2 1.6 1.3

300%

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 10.7
B 221 25 5086 0 (69) -452 35 14 9.3 9.3
B 221 22 5154 0 (69) -452 30 11 7.3 7.3
B 221 22 5454 0 (69) -452 31 12 8.0 8.0 8.0 7.4 5.5 4.1 3.0
B 221 25 5456 © {69 H5—4t 19 12+7 12+7
B 221 23 6061 T4 e (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 . (33)(63)(69) -452 38 35 127 127 127 121 106 7.9 5.6
B 221 23 6061 T4, T6 wld. e (22)(63)(69) -452 24 o 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 (7)

Size or - . Min.
P-No. or Thickness Min. Specified M"!‘ emp.
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
Aluminum Alloy (Cont’d)
Structurdl 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
B 221 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 54 5.6 5.2 3.0 2.0
wld.
Plates and Sheets
B 209 21 1060 0 e . -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 e . -452 1% 3.5 23 23 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 33 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 45 ]
3003 0:499
B 209 21 Alclad 0 0.500- (68) -452 14 5 I 3.0 3.0 3.0 2.8 2.2 1.4 1.3
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 1.4 1.3
3003 2.000
B 209 21 Alclad H12 0.017- (33)(66) -452 16 11 )
3003 0.499
B 209 21 Alclad H12 0.500- (33)(68) =452 17 12 | 51 5.1 5.1 3.6 3.2 2.7) 2.1
3003 2.000 ~
B 209 21 Alclad H14 0.009- (33)(66) -452 19 16
3003 0.499
B 209 21 Alclad H14 0.500- (33)(68) -452 20 17 I 6.0 6.0 6.0 4.3 3.9 2.7) 21
3003 1.000
B 209 22 3004 0 . =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 23
B 209 22 3004 H34 (33) -452 32 25 10.7 107 10.7 8.0 5.8 3.8 2.3
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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 (7)

Size or " . Min.
P-No. or Thickness Min. Specified M”}' emp.
S-No. Range, Temp., m to
Spec. No. (5) Grade Temper in. Notes °F(6) Tensile Yield 100 150 200 250 300 350 400
Alumipum Alloy (Cont’d)
Plaes and Sheets (Cont’d)
B 209 22 Alclad 0 0.006- (66) -452 21 8 7
3004 0.499
B 209 22 Alclad 0 0.500- (68) -452 22 85 I 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
3004 0.499
B 209 22 Alclad H112 0.500 (33)(68) =452 23 9 I~ 54 5.4 5.4 5.4 5.2 3.4 21
3004 3.000
B 209 22 Alclad H32 0.017- (33)(66) =452 27 20 ¢
3004 0.499
B 209 22 Alclad H32 0.500- (33)(68) -452 28 21 I 84 8.4 8.4 6.3 5.2 3.4 21
3004 2.000
B 209 22 Alclad H34 0.009- (33)(66) -452 31 2% )
3004 0.499
B 209 22 Alclad H34 0.500- (33)(68) —452%. 32 25 1 96 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 40 4.0 2.8 1.4
B 209 S-21 5050 H112 A (33) -452 20 8 5.3 5.3 5.3 5.3 5.3 2.8 1.4
B 209 S-21 5050 H32 e (33) =452 22 16 7.3 7.3 7.3 5.5 53 2.8 1.4
B 209 S-21 5050 H34 . (33) =452 25 20 8.3 8.3 8.3 6.3 5.3 2.8 1.4
B 209 2 50528 O 7
5652 J
B 209 22 5052 & H112 0.500- (13)(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 (33) -452 31 23 103 103 103 7.5 6.2 4.1 2.3
5652
B 209 22 5052 & H34 (33) -452 34 26 113 113 113 8.4 6.2 4.1 2.3
5652
B 209 25 5083 0 0.051- (13) -452 40 18 12.0 12.0
1.500
B 209 25 5083 H321 0.188- (13)33) -452 44 31 14.7 14.7
1.500
B 209 25 5086 0 A A -452 35 14 1
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 28 133 133
B 209 25 5086 H34 .. (33) =452 44 34 14.7 147
B 209 22 5154 & 0 ]
5254 i
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 . (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 (7)

Size or . . Min.
P-No. or Thickness Min. SSPECIer: 'T(m emp.
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)
Plates|and Sheets (Cont’d)
B 209 22 5454 0 .. .. l
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 s (33) -452 36 26 120 120 120 7.5 5.5 4.1 3.0
B 209 22 5454 H34 .. (33) -452 39 29 13.0 13.0 ~13.0 7.5 5.5 4.1 3.0
B 209 25 5456 0 0.051- (13) =452 42 19 12.7 AN,
1.500
B 209 25 5456 H321 0.188- (13)33) -452 46 33 153 § 15.3
0.499
B 209 23 6061 T4 e (33)(63) -452 30 16 10.0 10.0 10.0 9.8 9.2 7.9 5.6
B 209 23 6061 T6 s
B 209 23 6061 T651 0.250- (13)(33) =452 42 35 14.0 140 140 132 112 7.9 5.6
4.000
B 209 23 6061 T4, T6 .. (22)(63) =452 (24 .. 8.0 8.0 8.0 7.9 7.4 6.1 4.3
wld.
B 209 23 Alclad T4 s (33)(66) <452 27 14
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
6061 3.000
B 209 23 Alclad T6
6061
B 209 23 Alclad T651 0.250- (33)(66) -452 38 32 126 126 126 119 101 7.1 5.0
6061 0.499
B 209 23 Alclad T651 0.500- (33)(68) -452 42 35
6061 4.000
B 209 23 Alclad T4, 76 e (22)(63) -452 24 . 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, e 932)(33) =452 38 16 10.7 10.7
H112
wld.
B 247 23 6061 T6 . 9)33) -452 38 35 127 127 127 121 106 7.9 5.6
B 247 23 6061 Té wld. . 92 =452 24 .. 8.0 8.0 8.0 7.9 74 6.1 4.3
B 361 S-21 WP1060 0, H112 e (13)(14)(23) =452 8 2.5 1.7 1.7 1.6 1.5 1.3 1.1 0.8
(32)333)
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal
Temperature, °F (7)

Size or ified Mi Min.
P-No. or Thickness Min. SspeCI Ieh klsn Temp.
S-No. Range, Temp., & to
Spec. No. (5) Grade Temper in. Notes °F(6) Tensile Yield 100 150 200 250 300 350 400
Alumipum 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 . (13)14)(23)(32) -452 14 5 3.3 3.3 3.3 3.1 2.4 1.8 1.4
(33)
B 361 S-21 WP Alclad 0, H112 el (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 el (13)(23)32)(33) =452 39 16 10.Z 10.7
B 361 S-22 WP5154 0, H112 . (23)32)(33) =452 30 11 7.3 7.3
B 361 S-23 WP6061 T4 . (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 10.6 7.9 5.6
(63)
B 361 S-23 WP6061 T4, T6 wid. e (22)(23)(32)(63) =452 24 ce. 8.0 8.0 8.0 7.9 7.4 6.1 4.3
B 361 S-23 WP6063 T4 e (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 .. (13)(23)32)(33)  -452 30 25 100 10.0 98 9.0 6.6 3.4 2.0
B 361 S-23 WP6063 T4, T6 wld. .. (23)32) -452 17 .. 5.7 5.7 5.7 5.6 5.2 3.0 2.0
Castings (2)
B 26 e 443.0 F (9)(43) -452 17 6 4.0 4.0 4.0 4.0 4.0 4.0 3.0
B 26 e 356.0 T6 9)(43) =452 30 20 10.0 10.0 10.0 84 ... e A
B 26 . 356.0 T71 (9)(43) -452 25 18 8.3 8.3 8.3 8.1 7.3 5.5 2.4
187
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ASME B31.3-2006

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
A7 Watteabteromastings 1700 )
A 48 Gray iron castings 1.00 ©)
A 126 Gray iron castings 1.00 (©)
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 ), (40)
A 352 Ferritic steel castings 0.80 9), (40)
Low and Intermediate Alloy Steel
A 217 Martensitic stainless and alloy castings 0.80 ), (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), (40)
B 62 Composition hronze castings 0.80 9), (40)
B 148 Al-bronze ‘and Si—Al-bronze castings 0.80 9), (40)
B 584 Copper alloy castings 0.80 9), (40)
Nickel and Nickel Alloy
A 494 Nickel and nickel alloy castings 0.80 9), (460)
Aluminum Alloy
B 26, TempefF Aluminum alloy castings 1.00 9, (10)
B 26, TempetT6, T71 Aluminum alloy castings 0.80 9), (40)
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ASME B31.3-2006

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
Heetriefuston-weldedpipedotble buth—straight 655
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 146 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 1719 Seamless tube 1.00 ..
A 181 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 ...
A 3130 Forgings and fittings 1.00 9
A 349 Seamless pipe 1.00 R
A 381 Electric fusiomwelded pipe, 100% radiographed 1.00 18)
Electric fusion welded pipe, spot radiographed 0.90 (19)
Electricfusion welded pipe, as manufactured 0.85
A 430 Welded fittings, 100% radiographed 1.00 (16)
A 524 Seamless pipe 1.00
A 537 Electric resistance welded pipe 0.85
A 611 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 612 12, 22, 32, 42752 Electric fusion welded pipe, 100% radiographed 1.00
13, 23, 3374353 Electric fusion welded pipe, double butt seam 0.85
A 691 12, 22, 32,742, 52 Electric fusion welded pipe, 100% radiographed 1.00
13, 23y 33, 43, 53 Electric fusion welded pipe, double butt seam 0.85
Low and Intermediate-Alloy Steel
A 1§82 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
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
13, 23, 33, 43, 53 Electric fusion welded pipe, double butt seam 0.85
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ASME B31.3-2006

- 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 APIl, 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
A 691 4222324252 Eleetrie-fusion-welded-pipe—+00%—tadiosraphed 1-00
13, 23, 33, 43, 53 Electric fusion welded pipe, double butt seam 0.85
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 seam 0.85
- Electric fusion welded tube, single butt seam 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% radiographed 1.00 (16)
Welded fitting, double butt seam 0.85
Welded fitting, single butt seam 0.80
A 409 Electric fusion welded pipe, double butt seam 0.85
Electric fusion‘welded pipe, single butt seam 0.80 e
A 487 Steel castings 0.80 (9)(40)
A 789 Seamiless 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 Gopper Alloy
B 42 Seamless pipe 1.00
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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ASME B31.3-2006

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
Nickel and Nickel Alloy
B 160 Forgings and fittings 1.00 ©)
B 161 Seamless pipe and tube 1.00 e
B 164 Forgires—andfittines 160 )
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 407 Seamless pipe and tube 1.00
B 444 Seamless pipe and tube 1.00
B 464 Welded pipe 0:80
B 514 Welded pipe 0.80
B 517 Welded pipe 0.80 R
B 54 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 6715 All Welded pipe 0.80
B 690 Seamless pipe 1.00
B 705 Welded pipe 0.80
B 725 Electric fusion welded pipe, double butt seam 0.85
Electric fusion welded-pipe, single butt seam 0.80
B 729 Seamless pipe anddube 1.00
B 804 1,3,5 Welded pipes100% radiographed 1.00
2, 4 Welded pipey double fusion welded 0.85
6 Weldedpipe, single fusion welded 0.80
Titanipim and Titanium Alloy
B 337 Seamless pipe 1.00
Electric fusion welded pipe, double butt seam 0.85
Zircorfium 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
Alumipum Alloy’
B 210 Seamless tube 1.00
B 241 Seamless pipe and tube 1.00 -
B2 Forgings and fittings 1.00 (Q)
B 345 Seamless pipe and tube 1.00
B 361 Seamless fittings 1.00 ..
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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006

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., M Temp.
Material No. Grade Diam., in. Notes °F (6) Tensile Yield to 100 200 300 400 500 600
Carbon Steel
A 675 45 (8f)(8g) -20 45 22.5 11.2 11.2 11.2 11.2 11.2] 11.2
A 675 50 (8f)(8g) =20 50 25 12.5 12.5 12.5 125 2.5 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 (8f)(8g) -20 60 13.7 13.7 13.7 13.7 13.7
A 675 60 (8f)(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 16,20 16.2 16.2] 16.2
A 675 70 (8g) -20 70 35 17.5 17.5, 1745 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 :L
A 194 2HM 42 =55
Nuts A 563 A, hvy hex (42b) [ -20
Alloy Steel
Cr-0.2Mo A193 B7M <4 -55 ]_
Cr-0.20Mo A320 L7M < 21/2 e -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 - (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 A320 L43 <4 :I_(
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 25.01 25.0
L7C
Cr—-Mo A 193 B7 < 21/2 Ce -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 25.01 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 nut{ A194 7 42) -150
Cr—Mo nuty A194 7M 42) -150
Stainless Steel
316 A 1931
316 A320_FB8M Cl. 2 >1Y,<1%  (15)(60) -325 90 50 18.8 16.2 16.2 16.2 16.2| 16.2
304 A“193
304 A320 B3 Cl 2 1Y <! (15)(60) =325 100 50 188 172 160 150 140l 13.4
347 A 1931
347 A320_FB8CClL2 >1Y,<1% (15)(60) -325 100 50 18.8 17.8 16.5 163 163 16.3
321 A 1931
321 A 320_—B8T Cl. 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 B8FCL1 815 39) -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 B31.3-2006

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Design Stress, ksi (1), at Metal Temperature, °F (7)

Spec.

650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.
Carbon Steel
11.2 |11.0 10.2 9.0 7.7 6.5 45 A 675
125 (121 111 9.6 8.0 6.5 50. A 675
13.7 [13.2 12.0 10.2 8.3 6.5 55 A 675
B A 307
15.0 (143 129 10.8 8.6 65 ... . 60 A 675
16.2 |15.5 13.8 115 8.9 6.5 4.5 2.5 65 A 675
17.5 |16.6 147 12.0 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, H A 194
. 2HM A 194
A, hvy hex A 563
Alloy Steel
[B7M A193
20.0 120.0 200 185 16.2 125 8.5 4.5 e e e ah e L7M A 320
20.0 120.0 20.0 185 145 10.4 7.6 5.6 4.2 3.1 2.0 1.3 B5 A 193
220 1220 220 220 21.0 185 153 11.0 6.3 2.8 B16 A 193
200 |... BC A 354
23.0 |23.0 222 200 163 125 8.5 4.5 .. B7 A 193
{Lzo A320
25.0 |25.0 . L7 A 320
25.0 L7A, L7B, A 320

L7C
25.0 250 236 21.0 170 125 8.5 435 e e B7 A 193
25.0 [25.0 250 25.0 23,5 20.5 160 )11.0 6.3 2.8 B16 A 193
30.0 BD A 354
3 A 194
4 A 194
7 A 194
M A 194
Stafinless Steel
{A 193
12,5 12,5125 125 109 108 10.7 10.6 B8M Cl| 2 A 320
A 193
12.5 125 12 5 125 125 125 125 125 R (Cl A320
{A 193
131 129 128 127 126 126 125 125 B8C Cl. 2 A 320
{A 193
133 129 127 125 125 125 125 125 B8T Cl. 2 A 320
8.9 8.6 8.3 8.0 B8F Cl. 1 A 320
193
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Table A-2 Design Stress Values for Bolting Materials' (Cont’d)

ASME B31.3-2006

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Specified Min.

Min. . 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 1535 —20 95 50 |
19Cr-9Ni A 453  651B <3 (15)(35) -20 95 60 J»19.o 19.0 19.0 19.0 A90| 19.0
19Cr-9Ni A 453 651A >3 (15)(35) -20 100 60 l
19Cr-9Ni A 453  651A <3 (15)(35) -20 100 70 20.0 20.0 20.0 20.0' |,720.0] 20.0
316 A 1931

A320_BSMCL2 >1,<1Y (15)(60) -325 105 65 18.8 16.2 1620162  16.2| 16.2
347 A 193}

A320 FB8CCL2 >1,<1Y% (15)(60) -325 105 65 18.8 1722¢{16.0 15.0  14.0| 13.4
304 A 1931

A 320_FB8Cl 2 >1,<1Y, (15)(60) -325 105 65 18.8.. 16.7 163 163  16.3| 16.3
321 A 1931

A320_FB8TCL2 >1,<1Y% (15)(60) -325 105 65 88 17.8 16.5 163  16.3| 16.3
321 A193 BSTCL1 (8H(15)(28) -325 75 30 18.8 17.8 16.5 153  14.3| 13.5
304 A320 B8CL1 (8H(15)(28)  -425 75 30 18.8 16.7 150 13.8  12.9| 12.1
347 A193 B8CClL1 (8H(15)(28)  -425 75 30 18.8 17.9 16.4 155  15.0| 14.3
316 A193 B8MClL 1 (8H(15)(28) -325 75 30 18.8 17.7 15.6 143  13.3| 12.6
316 str. hd A 1931

A320 FB8MCL2 >3,<1 (15)(60) -325¢\ 100 80 200 20.0 20.0 20.0 20.0| 20.0
347 str. hd. A 1931

A320 FB8CCL2 >3,<1 (15)(60) =825 115 80 200 17.2 16.0 15.0  14.0| 13.4
304 str. hd A 1931

A 320_FBs8Cl 2 >, <1 (15)(60) -325 115 80 200 20.0 20.0 20.0 20.0| 20.0
321 str. hd A 1931

A320_FB8TCL2 >3%,<1 (15)(60) -325 115 80 20.0 20.0 20.0 20.0  20.0| 20.0

194
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Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

ASME B31.3-2006

Table A-2 Design Stress Values for Bolting Materials® (Cont’d)

Design Stress, ksi (1), at Metal Temperature, °F (7)

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] 190 190 19.0 19.0 189 18.2 6518 A 453
200 [20.0] 200 200 200 200 198 19.2 651A A 453
{sz

162 [162 162 162 109 108 107 10.6 BsMCl2 - A320
‘|:A193

13.8 [129 128 127 126 126 125 125 BscCl{2 L A32
‘|:A193

163 [163 163 163 163 163 163 163 B8 Cl. A 320
‘|:A193

163 [163 163 163 163 163 163 163 BsT |2 A 320
133 [129 127 125 124 123 121 121 96 69 50 36 25407 11 07 05 03 BsTClt A 193
120 [11.8 115 112 110 108 106 104 101 98 77 60 4 37 29 23 18 14 B8Cl A 320
141 (138 137 136 135 135 134 134 121 91 61 44 83 22 15 12 09 08 Bsccllt  A193
123 [121 119 117 116 115 114 113 112 110 98  74%N55 41 31 23 17 13 BaMcl1  A193
{A193

200 (200 200 200 109 108 107 106 BsMcl2 -LA320
‘|:A193

131 [129 128 127 126 126 125 125 Bsccl{2 L A32
‘|:A193

200 [200 200 200 200 200 200 20.0 B8 Cl. A 320
‘|:A193

200 {200 200 200 200 20.0 200 20.0 B8T CL)2 A 320

195
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Table A-2 Design Stress Values for Bolting Materials' (Cont’d)

ASME B31.3-2006

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Specified Min.

Min. S h. ksi Min.
Spec. Size Range, Temp., M 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 21.2] 21.2
13Cr A193 B6 <4 (15)(35) -20 110 85 21.2  21.2 21.2 21.2 21.2] 21.2
14Cr-24Ni A 453  660A/B (15)(35) -20 130 85 21.3 20.7 20.5 20.4 20.3] 20.2
316 str. hd. A 1931

A320_B8M Cl.2 < 3/4 (15)(60) -325 110 95 22.0 22.0 22.0'22.0 22.0] 22.0
347 A 1931

A 320_B8CCl. 2 < 3/,, (15)(60) -325 125 100 25.0 25.0» 250 25.0 25.01 25.0
304 A 1931

A 320_B8 Cl. 2 < 3/,, (15)(60) -325 125 100 25.0 172 16.0 15.0 14.0| 13.4
321 A 1931

A 320_[-B8TCl. 2 < 3/4 (15)(60) -325 125 100 25.0% 25.0 25.0 25.0 25.01 25.0
12Cr A 437 B4B (35) -20 145 105 26.2 26.2 26.2 26.2 26.2| 26.2
12Cr nuts A1l194 6 (35)(42) -20
303 nuts A 194 8FA 42) -20
316 nuts A 194 8MA :L
321 nuts A 194 8TA A 42) -325
304 nuts A194 8
304 nuts A 194 8A . 42) =425
347 nuts A 194 8CA

196
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Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

ASME B31.3-2006

Table A-2 Design Stress Values for Bolting Materials® (Cont’d)

Design Stress, ksi (1), at Metal Temperature, °F (7)

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)

212 [212 BiC A 437
212 212 |12 196 156 120 ... ... B6 A 193
202 {204 1200 199 199 199 19.8 19.8 660A/H A 453
‘|:A193

220 (220 220 220 109 108 107 106 BsMcl2 -LA320
‘|:A193

250 (250 250 250 250 250 250 25.0 BecCll2 4A320
‘|:A193

131 [12.0 108 105 103 101 99 97 B8 Cl. A 320
‘|:A193

250 (250 250 250 250 250 250 25.0 B8T CLf2 A 320
262 [26.2 B4B A 437
6 A 194

8FA A 194

‘|:8MA A 194

... L8TA A 194

8 A 194

. 8A A 194

8CA A 194
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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

- . Min.
Min. Specme: l\:l(ln emp.
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 ('np.r_\nr A"f\\,l
Naval brass B 21 C46400, C48200, C48500 060 (89 -325 50 20 5.0 4.8 )
Cu B 187 10200, €11000, 12000, 060 (89 -325 30 10 6.7 5.5
(12200
Cu-Si B 98 C65100 060 8 (52) -325 40 12 8.0 8.0 7.9
Cu-Si B 98 C65500, C66100 060 (8f)(52) -325 52 15
Cu-Si B 98 65500, C66100 HO1 e (8 -325 55 24
Cu-Si B 98 C65500, C66100 HO2 <2 e -325 70 38 10.0 10.0 10
Cu-Si B 98 C65100 HO6 >1,<1Y% -325 75 40,
Cu-Si B 98 C65100 HO6 S, <1 -325 75 45 113 113 113
Cu-Si B 98 C65100 HO6 < 1/2 -325 85 55 13.7 13.7 13
Al-Si-bronze B 150 C64200 HR50 >1,<2 -325 80 42 ]
Al-Si-bronze B 150 C64200 HR50 >, <1 =325 85 42 16.7 140 134 11.0
Al-Si-bronze B 150 C64200 HR50 < 1/2 -325 90 42 |
Al-bronze B 150 C61400 HR50 >1,<2 -325 70 32 7
Al-bronze B 150 C61400 HR50 > Y%, <1 -325 75 35 17.5 175 173 175
Al-bronze B 150 C61400 HR50 < 1/z -325 80 40 |
Al-bronze B150 63000 HR50 >2,<3 1 _
Al-bronze B 150 C63000 M20 >3, <4 e -325 85 42.5
Al-bronze B 150 C63000 HR50 >.1( )2 -325 90 45 20.0 20.0 20.d 20.0
Al-bronze B 150 C63000 HR50 > <1 -325 100 50 |
Nickel and [Nickel Alloy
Low C-Ni B 160 N02201 Aan. hat fin. (8f) -325 50 10 6.7 6.4 6.3 6.2
Ni B 160 N02200 Hot, fin. (89 -325 60 15 10.0 10.0 10.9 10.0
Ni B160  N02200 Annealed (8 -325 55 15 l
Ni B 160 N02200 Cold drawn e -325 65 40 10.0 10.0 10.9 10.0
Ni-Cu B 164 N04400 C.D./str. rel. (54) -325 84 50 l
Ni-Cu B 164 N04405 Cold drawn (54) -325 85 50 12.5 125 124 125
Ni-Cu B 164 N04400 Cold drawn (54) -325 85 55 13.7 13.7 131 137
Ni-Cu B 164 NO0440Q/N04405 Annealed (89 -325 70 25 16.6 146 134 13.2
Ni-Cu B 164 NO4405 Hot fin. Rod <3 cee -325 75 35 18.7 18.7 18] 187
Ni-Cu B 164 NO4400 Hot fin. 21/8 <hex. <4 (8f) -325 75 30 18.7 18.7 18.] 187
Ni-Cu B 164 N04400 Hot fin. All except -325 80 40 20.0 20.0 20.d 20.0
hex. > 2%

Symbols in Temper Column

060 = soft anneal

HO1 = quarter-hard

H02 = half-hard

HO6 = extra hard

HR50 = drawn, stress-relieved
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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 (7)

UNS No.

or Spec.

500 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 Grade No.
rnppnr and ropper Alloy

C46400, ¢tc. B 21
(10200, ¢tc. B 187

C65100 B 98

65500, ¢tc. B 98

C65500, ¢tc. B 98

€65500, ¢tc. B 98

C65100 B 98

65100 B 98

65100 B 98
5.2 1.7 C64200 B 150
16.8 C61400 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
{ NO4400 B 164
12.5 N04405 B 164
13.7 N04400 B 164
13.1 13.1 13.1 18.1 13.0 12.7 11.0 8.0 N04400, gtc. B 164
18.7 18.7 18.% 18.0 17.2 14.5 8.5 4.0 N04405 B 164
17.8 17.4 7.2 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

" . Min.
Min. Specnfle: n?(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 A"f\\,l (rnnf’d)
- Ni-Cr-Fe B 166 N06600 Cold drawn Rod <3 (41)(54) -325 105 80 10.0 9.5 9.2 9.1
¢ Ni-Cr-Fe B 166 N06600 Hot fin. Rod <3 e -325 90 40 10.0 95 9.2 9.1
Ni-Cr-Fe B 166 N06600 Annealed ce e -325 80 35 20.0 200 20.4 20.0
Ni-Cr-Fe B 166 N06600 Hot fin. Rod > 3 . -325 85 35 21.2 21.2 21} 21.2
Ni-Mo B 335 N10001 Annealed . . -325 100 46 25.0 25.0 25. 247
Ni-Mo-Cr B 574 N10276 Sol. ann. e e -325 100 41 25.0 25.0 254 21.2
Aluminum Alloy
B 211 6061 T6, T651 wid. > 1/8, <8 (8 (43)(63) -452 24 e 4.8 4.8 4.8 3.5
B 211 6061 Té, T651 > 1/g, <8 (43)(63) -452 42 35 8.4 8.4 8.4 4.4
B 211 2024 T4 >6Y%,<8 (43)(63) =452 58 38 9.5 9.5 9.5 4.2
B211 2024 T4 > 4Y, < 6% (43)(63) 452 62 40 100 100 104 4.5
B 211 2024 T4 2> 1/2, < 41/1 (43)(63) -452 62 42 10.5 105 10.4 4.5
B 211 2024 T4 >V <Y (43)(63) -452 62 45 113 113 104 4.5
B 211 2014 T6, T651 2 1/8, <8 (@3)(63) -452 65 55 13.0 13.0 11.4 3.9
200
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Table A-2 Design Stress Values for Bolting Materials® (Cont’d)

ASME B31.3-2006

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Design Stress, ksi (1), at Metal Temperature, °F (7)

UNS No.

or Spec.

500 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 Grade No.
Nickel and Nickel A lgy (cOnt’d)
9.1 ... NQ6600 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 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 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 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
Aluinum 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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APPENDIX B
STRESS TABLES AND ALLOWABLE PRESSURE TABLES FOR
NONMETALS

The data and Notes in Appendix B are requirements of this Code.
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Specification Index for Appendix B (06)
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 RIR Pipe
D 3000 PB Plastic Pipe (SDR-PR), Based on Outside Diameéter
D 3035 PE Plastic Pipe (DR-PR) Based on Controlled‘Qutside Diameter
D 3309 Polybutylene (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
F 442 CPVC Plastic Pipe (SDR-PR)
AWWA
C300 Reinforced.Concrete Pressure Pipe, Steel Cylinder Type, for Water and Other Liquids
c301 Prestressed Concrete Pressure, Pipe Steel Cylinder Type, for Water and Other Liquids
€302 Reinfoyced Concrete Pressure Pipe, Steel Non-Cylinder Type, for Water and Other Liquids
€950 Glass-Fiber-Reinforced Thermosetting-Resin Pressure Pipe
GENERAENOTE: 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
organjzations, are shown in Appendix E.
NOTES:
(1) For names of plastics identified only by abbreviation, see para. A326.3.
(2) The term fiberglass RTR takes the place of the ASTM designation “fiberglass” (glass-fiber-reinforced
thermosetting resin).
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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. th
strength.

(2) These frecommended limits apply only to materials listed. Manufacturers should be consulted for temperature limits on specific t
and kirlds of materials not listed.

(3) Use thdse hydrostatic design stress (HDS) values at all lower temperatures.

(4) Mean short term burst stresses are based on values listed in applicable ASTM Specifications, excluding the lower cenfidence lim
multipl{er of 0.85 applied to the mean stress value.

(5) The intent of listing in this Table is to include all the types, grades, classes, and hydrostatic design baseg’in the listed specificat
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Table B-1 Hydrostatic Design Stresses (HDS) and Recommended Temperature Limits for (06)
Thermoplastic Pipe
Mean Short-
Term Burst
Recommended Stress at
Temperature 23°C
Limits [Notes (1), (2)] Hydrostatic Design Stress at [Note (4)]
ASTM 23°C 73°F
Spec Minimum Maximum  [Note (3)] [Note (3)] 38°C 100°F 82°C 180°F
No. Material °C °F °C °F MPa ksi MPa ksi MPa ksi MPa ksi
ABS55535 -40 -40 80 176
AP -18 0 77 170
D 284p
F 441 CPVC4120 -18 0 99 210 13.8 2.0 11.0 1.6 3.4 0.5 5L.9 7.53
F 442
ECTFE -40 -40 149 300
ETFE -40 -40 149 300
D 251B 1
D 266pR
D 2666 - PB2110 -18 0 99 210 6.9 1.0 5.5 0.8 3.4 0.5 1.9 2.59
D 300p
D 3309
D210k T
D 223p
D 244)
D 251B - PE3408 -34 -30 82 180 5.51 0.80 3.4 0.5 - - 2p.4  2.96
D 273y
D303 |
PEEK -40 -40 2304 450
PFA -40 40230 450
POP2125 -1 30 99 210
PP -1 30 99 210
D 178b PVC1120 -18 0 66 150 13.8 2.0 11.0 1.6 519 7.53
D 22411 PVC1220 -18 0 66 150 13.8 2.0 11.0 1.6 51.9 7.53
D 251B PVC211Q -18 0 54 130 6.9 1.0 5.5 0.8 40.5 5.88
D 267p PVC2420 -18 0 66 150 13.8 2.0 11.0 1.6 51.9 7.53
PVDC 4 40 71 160
PVDF -18 0 135 275

Table B-2 Listed Specifications for Laminated
Reinforced Thermosetting Resin Pipe®

Spec. No.

ASTM C 582
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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 2996

D 2997
D 3517

D 3754

AWWA (950

Table-B-4—AllewablePressures—and-Recommended

Temperature Limits for Concrete Pipe
Recommended
Allowable Gage Temperature Limits, [Note (2)]
Pressure Minimum Maximym
Spec. No.| Material Class kPa psi °C °F °C °F
25 69 10
50 138 20
ASTM C 36] Reinforced concrete 75 205 30
100 275 40
125 345 50
AWWA C30 Reinforced concrete 1795 260
AWWA C301 Reinforced concrete Lined 1725 250
cylinder
AWWA C30L Reinforced concrete Embedded 2415 350
cylinder
AWWA C30p 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 Maximym
No. Material DN NPS kPa psi °C °F °C °F
8-15 Y=Y 690 100
20 %, 515 75
C 599 Borosilicate glass 25-80 1-3 345 50 232 450
; 100 4 240 35
150 6 138 20
206
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APPENDIX C
PHYSICAL PROPERTIES OF PIPING MATERIALS
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NOTES FOR APPENDIX C TABLES

GENERAL NOTE: Tables C-2, C-4, and C-7 containing data in Sl units are not included at this time. To convert data in U.S. customary units
to SI metric units

(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

(©(1) for Table C-1, multiply the value (in./100 ft) by 0.833 to obtain the total linear thermal expansion (mm/m) between*21°C and the
given femperature
(3) for Table C-3, multiply the value (win./in.-°F) by 1.80 to obtain the mean coefficient of linear thermal expansion (im/m-4C) between

21°C @nd the given temperature
(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
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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 UNS
Carbon—-Moly- 5Cr-Mo Stainless 12Cr, N04400 Copper
Temp., Low-Chrome Through Steels 17Cr, Monel and
°F (Through 3Cr-Mo) 9Cr-Mo 18Cr-8Ni 27Cr 25Cr-20Ni 67Ni-30Cu 31/,Ni Copper Alloys
-450 -3.93
-425 303
-400 -3.p1
=375 +3.87
-350 -3J)9
-325 -2.37 -2.22 -3.85 -2.04 -2.62 -2.25 =367
-300 -2.24 -2.10 -3.63 -1.92 -2.50 247 -3.53
=275 -2.11 -1.98 -3.41 -1.80 -2.38 £2.07 -3.B6
-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.p7
-200 -1.71 -1.62 -2.73 -1.46 -2.02 -1.76 -2J)6
-175 -1.58 -1.50 -2.50 -1.35 =1.90 -1.62 253
-150 -1.45 -1.37 -2.27 -1.24 =1.79 -1.48 -2.30
-125 -1.30 -1.23 -2.01 -1.11 -1.59 -1.33 -2J06
-100 -1.15 -1.08 -1.75 -0.98 -1.38 -1.17 -1.81
-75 -1.00 -0.94 -1.50 -0.85 -1.18 -1.01 -1p6
-50 -0.84 -0.79 -1.24 -0.72 -0.98 -0.84 -1.80
=25 -0.68 -0.63 -0.98 -0.57 -0.77 -0.67 -1.p4
0 -0.49 -0.46 -0.72 -0.42 -0.57 -0.50 -0)y7
25 -0.32 -0.30 -0.46 -0.27 -0.37 -0.32 -0.0
50 -0.14 -0.13 -0.21 -0.12 -0.20 -0.15 -0.R2
70 0 0 0 0 0 0 0 0
100 0.23 0.22 0.3%, 0.20 0.32 0.28 0.23 0.p4
125 0.42 0.40 0.62 0.36 0.58 0.52 0.42 0.p3
150 0.61 0.58 0.90 0.53 0.84 0.75 0.61 0.p1
175 0.80 0.76 1.18 0.69 1.10 0.99 0.81 1.p0
200 0.99 0.94 1.46 0.86 1.37 1.22 1.01 1.9
225 1.21 1.13 1.75 1.03 1.64 1.46 1.21 1.y9
250 1.40 1.33 2.03 1.21 1.91 1.71 1.42 2.p9
275 1.61 1.52 2.32 1.38 2.18 1.96 1.63 2.8
300 1.82 1.71 2.61 1.56 2.45 2.21 1.84 2.p8
325 2.04 1.90 2.90 1.74 2.72 2.44 2.05 2.p9
350 2.26 2.10 3.20 1.93 2.99 2.68 2.26 3.p9
375 2.48 2.30 3.50 2.11 3.26 2.91 2.47 3.p9
400 2.70 2.50 3.80 2.30 3.53 3.25 2.69 3.p0
425 2.93 2.72 4.10 2.50 3.80 3.52 2.91 4.p1
450 3.16 2.93 4.41 2.69 4.07 3.79 3.13 4.51
475 3.39 3.14 4.71 2.89 4.34 4.06 3.35 4.82
500 3.62 3.35 5.01 3.08 4.61 4.33 3.58 5.14
525 3.86 3.58 5.31 3.28 4.88 4.61 3.81 5.45
550 4.11 3.80 5.62 3.49 5.15 4.90 4.04 5.76
210
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Table C-1 Total Thermal Expansion, U.S. Units, for Metals

ASME B31.3-2006

Total Linear Thermal Expansion Between 70°F and Indicated Temperature, in./100 ft

Material
UNS UNS
NO8XXX NO6XXX
Gray Series Series Ductile Temp.,
Aluminum Cast Iron Bronze Brass 70Cu-30Ni Ni-Fe-Cr Ni-Cr-Fe Iron °F
-450
-425
-400
=375
-350
-4]68 -3.98 -3.88 -3.15 -325
-4146 -3.74 -3.64 -2.87 -300
-4]21 -3.50 -3.40 -2.70 =275
=397 -3.26 -3.16 -2.53 -250
=371 -3.02 -2.93 -2.36 A -225
=344 -2.78 -2.70 -2.19 -1.51 -200
-3J16 -2.54 -2.47 -2.12 -1.41 =175
-2/88 -2.31 -2.24 -1.95 -1.29 -150
-2457 -2.06 -2.00 -1.74 -1.16 -125
=227 -1.81 -1.76 -1.53 -1.04 -100
-1{97 -1.56 -1.52 -1.33 -0.91 -75
-1J67 -1.32 -1.29 -1.13 -0.77 =50
-1132 -1.25 -1.02 -0489 -0.62 =25
-0{97 -0.77 -0.75 =0.66 -0.46 0
-0J63 -0.49 —-0.48 =0.42 -0.23 25
-0J28 -0.22 -0.21 -0.19 -0.14 50
0 0 0 0 0 0 0 0 70
046 0.21 0.36 0.35 0.31 0.28 0.26 0.21 100
0485 0.38 0.66 0.64 0.56 0.52 0.48 0.39 125
123 0.55 0.96 0.94 0.82 0.76 0.70 0.57 150
162 0.73 1.26 1.23 1.07 0.99 0.92 0.76 175
2{00 0.90 156 1.52 1.33 1.23 1.15 0.94 200
2141 1.08 1:86 1.83 1.59 1.49 1.38 1.13 225
2483 1.27 2.17 2.14 1.86 1.76 1.61 1.33 250
324 1.45 2.48 2.45 2.13 2.03 1.85 1.53 275
367 1.64 2.79 2.76 2.40 2.30 2.09 1.72 300
4§09 1.83 3.11 3.08 2.68 2.59 2.32 1.93 325
4)52 2.03 3.42 3.41 2.96 2.88 2.56 2.13 350
4)95 2.22 3.74 3.73 3.24 3.18 2.80 2.36 375
539 2.42 4.05 4.05 3.52 3.48 3.05 2.56 400
5183 2.62 4.37 4.38 3.76 3.29 2.79 425
6.28 2.83 4.69 4.72 4.04 3.53 3.04 450
6.72 3.03 5.01 5.06 4.31 3.78 3.28 475
7.17 3.24 5.33 5.40 4.59 4.02 3.54 500
7.63 3.46 5.65 5.75 4.87 4.27 3.76 525
8.10 3.67 5.98 6.10 5.16 4.52 3.99 550
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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 UNS
Carbon-Moly- 5Cr-Mo Stainless 12Cr, NO04400 Copper
Temp., Low-Chrome Through Steels 17Cr, Monel and
°F (Through 3Cr-Mo) 9Cr-Mo 18Cr-8Ni 27Cr 25Cr-20Ni 67Ni-30Cu 3%/,Ni Copper Alloys
575 4.35 4.02 5.93 3.69 5.42 5.18 4.27 6.07
600 466 bR 624 356 5695 546 456 &9
625 4.86 4.47 6.55 4.10 5.96 5.75 4.74
650 5.11 4.69 6.87 4.31 6.23 6.05 4.98
675 5.37 4.92 7.18 4.52 6.50 6.34 5.22
700 5.63 5.14 7.50 4.73 6.77 6.64 5.46
725 5.90 5.38 7.82 4.94 7.04 6.94 570
750 6.16 5.62 8.15 5.16 7.31 7.25 5.94
775 6.43 5.86 8.47 5.38 7.58 7.55 6.18
800 6.70 6.10 8.80 5.60 7.85 7.85 6.43
825 6.97 6.34 9.13 5.82 8.15 8.16 6.68
850 7.25 6.59 9.46 6.05 8.45 8.48 6.93
875 7.53 6.83 9.79 6.27 8.75 8.80 7.18
900 7.81 7.07 10.12 6.49 9.05 9.12 7.43
925 8.08 7.31 10.46 6.71 9.35 9.44 7.68
950 8.35 7.56 10.80 6.94 9.65 9.77 7.93
975 8.62 7.81 11.14 7.17 9.95 10.09 8.17
1000 8.89 8.06 11.48 7.40 10.25 10.42 8.41
1025 9.17 8.30 11.82 7.62 10.55 10.75
1050 9.46 8.55 12.16 7,95 10.85 11.09
1075 9.75 8.80 12.50 8.18 11.15 11.43
1100 10.04 9.05 12.84 8.31 11.45 11.77
1125 10.31 9.28 13,18 8.53 11.78 12.11
1150 10.57 9.52 13.52 8.76 12.11 12.47
1175 10.83 9.76 13.86 8.98 12.44 12.81
1200 11.10 10.00 14.20 9.20 12.77 13.15
1225 11.38 10.26 14.54 9.42 13.10 13.50
1250 11.66 10.53 14.88 9.65 13.43 13.86
1275 11.94 10.79 15.22 9.88 13.76 14.22
1300 12.22 11.06 15.56 10.11 14.09 14.58
1325 12.50 11.30 15.90 10.33 14.39 14.94
1350 12.78 11.55 16.24 10.56 14.69 15.30
1375 1306 11.80 16.58 10.78 14.99 15.66
1400 13.34 12.05 16.92 11.01 15.29 16.02
1425 17.30
1450 17.69
1475 . . 18.08
1500 18.47

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)
Total Linear Thermal Expansion Between 70°F and Indicated Temperature, in./100 ft

ASME B31.3-2006

Material
UNS UNS
NO8XXX NO6XXX
Gray Series Series Ductile Temp.,
Aluminum Cast Iron Bronze Brass 70Cu-30Ni Ni-Fe-Cr Ni-Cr-Fe Iron °F

8.56 3.89 6.31 6.45 5.44 4.77 4.22 575
963 44+ 66k 686 572 562 brtrte 600
4.34 6.96 7.16 6.01 5.27 4.66 625
4.57 7.29 7.53 6.30 5.53 4:90Q 650
4.80 7.62 7.89 6.58 5.79 5.14 675
5.03 7.95 8.26 6.88 6.05 5.39 700
5.26 8.28 8.64 7.17 6.31 5.60 725
5.50 8.62 9.02 7.47 6.57 5.85 750
5.74 8.96 9.40 7.76 684 6.10 775
5.98 9.30 9.78 8.06 7.10 6.35 800
6.22 9.64 10.17 8.35 6.59 825
6.47 9.99 10.57 8.66 6.85 850
6.72 10.33 10.96 8.95 7.09 875
6.97 10.68 11.35 926 7.35 900
7.23 11.02 11.75 9.56 7.64 925
7.50 11.37 12.16 9.87 7.86 950
7.76 11.71 12.57 10.18 8.11 975
8.02 12.05 12.98 10.49 8.35 1000
12.40 13.39 10.80 1025
12.76 13.81 11.11 1050
13.11 14.23 11.42 1075
13.47 14.65 11.74 1100
12.05 1125
12.38 1150
12.69 1175
13.02 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

Material
Carbon Steel Austenitic UNS
Carbon—-Moly- 5Cr-Mo Stainless 12Cr, N04400 Copper
Temp., Low-Chrome Through Steels 17Cr, Monel and
°F (Through 3Cr-Mo) 9Cr-Mo 18Cr-8Ni 27Cr 25Cr-20Ni 67Ni-30Cu 31/,Ni Copper Alloys
-450 6.30
-425 61
-400 6.3
=375 /7.R4
-350 7.p1
-325 5.00 4.70 8.15 4.30 - 5.55 4.76 74
-300 5.07 4.77 8.21 4.36 . 5.72 4090 7.p4
=275 5.14 4.84 8.28 4.41 Ce 5.89 5.01 8.1
-250 5.21 4.91 8.34 4.47 R 6.06 5.15 8.p6
=225 5.28 4.98 8.41 4.53 R 6.23 5.30 8.0
-200 5.35 5.05 8.47 4.59 - 6.40 5.45 8.p1
-175 5.42 5.12 8.54 4.64 R 6.57 5.52 8.p2
-150 5.50 5.20 8.60 4.70 . 6.75 5.59 8.J2
-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 5.78 8.89
-75 5.72 5.38 8.83 4.93 LN 7.05 5.83 8.p7
-50 5.80 5.45 8.90 5.00 A 7.15 5.88 9.p4
=25 5.85 5.51 8.94 5.05 Ce 7.22 5.94 In1
0 5.90 5.56 8.98 5.10 . 7.28 6.00 N7
25 5.96 5.62 9.03 5.04 R 7.35 6.08 9.p3
50 6.01 5.67 9.07 5.19 . 7.41 6.16 9.p8
70 6.07 5.73 9.11 5.24 R 7.48 6.25 9.B2
100 6.13 5.79 9.16 5.29 ce 7.55 6.33 9.B9
125 6.19 5.85 920 5.34 .. 7.62 6.36 943
150 6.25 5.92 9.25 5.40 e 7.70 6.39 9.48
175 6.31 5.98 9.29 5.45 . 7.77 6.42 9.2
200 6.38 6.04 9.34 5.50 8.79 7.84 6.45 9.p6
225 6.43 6L08 9.37 5.54 8.81 7.89 6.50 9.60
250 6.49 6112 9.41 5.58 8.83 7.93 6.55 9.p4
275 6.54 6.15 9.44 5.62 8.85 7.98 6.60 9.8
300 6.60 6.19 9.47 5.66 8.87 8.02 6.65 or1
325 6.65 6.23 9.50 5.70 8.89 8.07 6.69 oVa
350 6,71 6.27 9.53 5.74 8.90 8.11 6.73 9V8
375 6.76 6.30 9.56 5.77 8.91 8.16 6.77 9.B1
400 6.82 6.34 9.59 5.81 8.92 8.20 6.80 9.84
425 6.87 6.38 9.62 5.85 8.92 8.25 6.83 9.B6
450 6.92 6.42 9.65 5.89 8.92 8.30 6.86 9.89
475 6.97 6.46 9.67 5.92 8.92 8.35 6.89 9.92
500 7.02 6.50 9.70 5.96 8.93 8.40 6.93 9.94
525 7.07 6.54 9.73 6.00 8.93 8.45 6.97 9.97
550 7.12 6.58 9.76 6.05 8.93 8.49 7.01 9.99
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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, win./in.-°F

Material
UNS UNS
NO8XXX NO6XXX
Gray Series Series Ductile Temp.,
Aluminum Cast Iron Bronze Brass 70Cu-30Ni Ni-Fe-Cr Ni-Cr-Fe Iron °F
-450
-425
-400
=375
-350
9190 e 8.40 8.20 6.65 e . . -325
10404 . 8.45 8.24 6.76 . e e -300
10418 . 8.50 8.29 6.86 . . . =275
1033 R 8.55 8.33 6.97 N " - -250
1047 . 8.60 8.37 7.08 A e A =225
10J61 Ce 8.65 8.41 7.19 . . 4.65 -200
1076 R 8.70 8.46 7.29 - - 4.76 =175
1090 . 8.75 8.50 7.40 .l Ce 4.87 -150
11)08 - 8.85 8.61 7.50 Y. A 4.98 -125
11§25 ce 8.95 8.73 7.60 Ce Ce 5.10 -100
1143 - 9.05 8.84 7.70 A e 5.20 -75
11)60 ce 9.15 8.95 7.80 e - 5.30 =50
11473 e 9.23 9.03 7.87 e . 5.40 =25
1186 - 9.32 9.11 794 A A 5.50 0
1199 Ce 9.40 9.18 8.02 Ce . 5.58 25
12{12 . 9.49 9.26 8.09 . A 5.66 50
12025 . 9.57 9.34 8.16 - 7.13 5.74 70
1239 Ce 9.66 9.42 8.24 . 7.20 5.82 100
12453 . 9.75 9.51 8.31 - 7.25 5.87 125
12)67 ce 9.85 9.59 8.39 e 7.30 5.92 150
1281 ce 9.93 9.68 8.46 . 7.35 5.97 175
1295 5.75 10.03 9.76 8.54 7.90 7.40 6.02 200
13J03 5.80 10.05 9.82 8.58 8.01 7.44 6.08 225
1312 5.84 10.08 9.88 8.63 8.12 7.48 6.14 250
13J20 5.89 10.10 9.94 8.67 8.24 7.52 6.20 275
1328 5.93 10.12 10.00 8.71 8.35 7.56 6.25 300
1336 5.97 10.15 10.06 8.76 8.46 7.60 6.31 325
13144 6.02 10.18 10.11 8.81 8.57 7.63 6.37 350
13)52 6.06 10.20 10.17 8.85 8.69 7.67 6.43 375
13}60 6.10 10.23 10.23 8.90 8.80 7.70 6.48 400
1368 6.15 10.25 10.29 P 8.82 7.72 6.57 425
13.75 6.19 10.28 10.35 e 8.85 7.75 6.66 450
13.83 6.24 10.30 10.41 . 8.87 7.77 6.75 475
13.90 6.28 10.32 10.47 R 8.90 7.80 6.85 500
13.98 6.33 10.35 10.53 C 8.92 7.82 6.88 525
14.05 6.38 10.38 10.58 R 8.95 7.85 6.92 550
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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
Carbon Steel Austenitic UNS
Carbon-Moly- 5Cr-Mo Stainless 12Cr, NO04400 Copper
Temp., Low-Chrome Through Steels 17Cr, Monel and
°F (Through 3Cr-Mo) 9Cr-Mo 18Cr-8Ni 27Cr 25Cr-20Ni 67Ni-30Cu 31/,Ni Copper Alloys
575 7.17 6.62 9.79 6.09 8.93 8.54 7.04 10.1
600 723 666 9-82 633 854 858 768 +0-04
625 7.28 6.70 9.85 6.17 8.94 8.63 7.12
650 7.33 6.73 9.87 6.20 8.95 8.68 7.16
675 7.38 6.77 9.90 6.23 8.95 8.73 7.19
700 7.44 6.80 9.92 6.26 8.96 8.78 7.22
725 7.49 6.84 9.95 6.29 8.96 8.83 7¢25
750 7.54 6.88 9.99 6.33 8.96 8.87 7,29
775 7.59 6.92 10.02 6.36 8.96 8.92 7.31
800 7.65 6.96 10.05 6.39 8.97 8.96 7.34
825 7.70 7.00 10.08 6.42 8.97 9.01 7.37
850 7.75 7.03 10.11 6.46 8.98 9.06 7.40
875 7.79 7.07 10.13 6.49 8.99 9.11 7.43
900 7.84 7.10 10.16 6.52 9.00 9.16 7.45
925 7.87 7.13 10.19 6.55 9.05 9.21 7.47
950 7.91 7.16 10.23 6.58 92.40 9.25 7.49
975 7.94 7.19 10.26 6.60 9.15 9.30 7.52
1000 7.97 7.22 10.29 6.63 9.18 9.34 7.55
1025 8.01 7.25 10.32 6.65 9.20 9.39
1050 8.05 7.27 10.34 6.68 9.22 9.43
1075 8.08 7.30 10.37 6.70 9.24 9.48
1100 8.12 7.32 10.39 6.72 9.25 9.52
1125 8.14 7.34 10.41 6.74 9.29 9.57
1150 8.16 7.37 10:44 6.75 9.33 9.61
1175 8.17 7.39 10.46 6.77 9.36 9.66
1200 8.19 7.41 10.48 6.78 9.39 9.70
1225 8.21 7.43 10.50 6.80 9.43 9.75
1250 8.24 7445 10.51 6.82 9.47 9.79
1275 8.26 7.47 10.53 6.83 9.50 9.84
1300 8.28 7.49 10.54 6.85 9.53 9.88
1325 8.30 7.51 10.56 6.86 9.53 9.92
1350 8.32 7.52 10.57 6.88 9.54 9.96
1375 8,34 7.54 10.59 6.89 9.55 10.00
1400 8.36 7.55 10.60 6.90 9.56 10.04
1425 10.64
1450 10.68
1475 10.72
1500 10.77

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, win./in.-°F

Material
UNS UNS

NO8XXX NO6XXX

Gray Series Series Ductile Temp.,
Aluminum Cast Iron Bronze Brass 70Cu-30Ni Ni-Fe-Cr Ni-Cr-Fe Iron °F

14.13 6.42 10.41 10.64 - 8.97 7.88 6.95 575
1426 ChF +O44 16-65 — 9-66 756 658 600
6.52 10.46 10.75 - 9.02 7.92 7.02 625
6.56 10.48 10.81 . 9.05 7.95 7 B4 650
6.61 10.50 10.86 . 9.07 7.98 7.08 675
6.65 10.52 10.92 - 9.10 8.00 7.11 700
6.70 10.55 10.98 . 9.12 8.02 7.14 725
6.74 10.57 11.04 e 9.15 8.05 7.18 750
6.79 10.60 11.10 e 9.17 8.08 7.22 775
6.83 10.62 11.16 . 9.20 8.10 7.25 800
6.87 10.65 11.22 - 9.22 R 7.27 825
6.92 10.67 11.28 - 9.25 R 7.31 850
6.96 10.70 11.34 ... 927 R 7.34 875
7.00 10.72 11.40 R 930 ce 7.37 900
7.05 10.74 11.46 R 9.32 R 7.41 925
7.10 10.76 11.52 . 9.35 e 7.44 950
7.14 10.78 11.57 ceq 9.37 e 7.47 975
7.19 10.80 11.63 o\ 9.40 R 7.50 1000
10.83 11.69 N 9.42 A e 1025
10.85 11.74 ... 9.45 ce e 1050
10.88 11.80 R 9.47 e e 1075
10.90 11.85 9.50 1100
10.93 1191 9.52 1125
10.95 11.97 9.55 1150
10.98 12.03 9.57 1175
11,00 12.09 R 9.60 R - 1200
9.64 e A 1225
9.68 R - 1250
9.71 e e 1275
9.75 R R 1300
9.79 ce e 1325
9.83 R R 1350
9.86 e e 1375
9.90 e e 1400
9.94 e e 1425
9.98 P e 1450
10.01 R e 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 e 3.6
Acrylonitrile-butadiene-styrene
ABS 1208 60 c. 108 .
ABS 121¢ 55 75=55 99 7-13
ABS 1316 40 e 72
ABS 211p 40 C 72
Cellulose agetate butyrate
CAB MH(Q8 80 Ce 144
CAB S00# 95 . 171
Chlorinated| poly(vinyl chloride)
CPVC 4120 35 R 63
Polybutylenfe PB 2110 72 R 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
Polypropylégne
PP1110 48 33-67 86 1-19
PP1208 43 Ce 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 e 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 .. 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 e 21.5-27
Glass-ppoxy, filament-wound 9-13 S 16-23.5

Other|Nonmetallic Materials

Borosilicate glass 1.8 S 3,25

GENERAL NOTES:
(@) Fdr Code references to this Appendix, see para. A319.3.1. These data are for use in the abseng€.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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Table C-6 Modulus of Elasticity, U.S. Units, for Metals

ASME B31.3-2006

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 c.. . L. c.. 13.4 13.2 12.9 12.6
Carbon steels, C < 0.3% 31.9 31.4 30.8 30.2 29.5 28.8 28.3 27.7
Carbon steels, C > 0.3% 31.7 31.2 30.6 30.0 29.3 28.6 28.1 27.5
Carbon—-mdly steels 31.7 3T.1 30.5 29.9 29.2 28.5 28.0 27.4
Nickel stee|s, Ni 2%—-9% 30.1 29.6 29.1 28.5 27.8 27.1 267 26.1
Cr-Mo steqls, Cr l/2%—2% 32.1 31.6 31.0 30.4 29.7 29.0 28.5 27.9
Cr—Mo stedls, Cr 2Y,%-3% 33.1 32.6 32.0 31.4 30.6 29.8 29.4 28.8
Cr—Mo steqls, Cr 5%-9% 33.4 32.9 32.3 31.7 30.9 30,1 29.7 29.0
Chromium kteels, Cr 12%, 17%, 27% 31.8 31.2 30.7 30.1 29.2 28.5 27.9 27.3
Austenitic $teels (TP304, 310, 316, 321, 347) 30.8 30.3 29.7 29.0 283 27.6 27.0 26.5
Copper and Copper Alloys (UNS Nos.)
Comp. and|leaded Sn-bronze (C83600, C92200) 14.8 14.6 14.4 14.0 13.7 13.4 13.2
Naval bras$, Si— & Al-bronze (C46400, C65500, 15.9 156 15.4 15.0 14.6 14.4 14.1

€95200,[C95400)
Copper (C1j1000) 16.9. 16.6 16.5 16.0 15.6 15.4 15.0
Copper, red brass, Al-bronze (C10200, C12000, 18.0 17.7 17.5 17.0 16.6 16.3 16.0
C12200,(C12500, C14200, C23000, C61400)
90Cu-10Ni (C70600) 19.0 18.7 18.5 18.0 17.6 17.3 16.9
Leaded Ni-bronze 20.1 19.8 19.6 19.0 18.5 18.2 17.9
80Cu-20Ni (C71000) 21.2 20.8 20.6 20.0 19.5 19.2 18.8
70Cu-30Nj (C71500) 23.3 22.9 22.7 22.0 21.5 21.1 20.7
Nickel and |Nickel Alloys (UNS Nos.)
Monel 400{N04400 283 27.8 27.3 26.8 26.0 25.4 25.0 24.7
Alloys N0O6907, NO8320 30.3 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 NO64#55, N10276 32.5 31.6 31.3 30.6 29.8 29.1 28.6 28.3
Alloys NO2P00, N02201, N06625 32.7 32.1 31.5 30.9 30.0 29.3 28.8 28.5
Alloy NO66P0 33.8 33.2 32.6 31.9 31.0 30.2 29.9 29.5
Alloy N100p1 33.9 33.3 32.7 32.0 31.1 30.3 29.9 29.5
Alloy N106p5 34.2 33.3 33.0 32.3 31.4 30.6 30.1 29.8
Unalloyed Titanium
Grades 1, 2, 3, and.¥ 15.5 15.0 14.6 14.0
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Table -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 R e e Gray cast iron
27.3  26.7 255 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 22.2 20.1 17.8 15.3 Carben-moly steels
25.7|1 25.2 24.6 23.0 . . . . . . Nickel steels| Ni 2%—-9%
27.5] 269 26.3 255 24.8 23.9 23.0 21.8 20.5 18.9 Cr—Massteels, |Cr Y4%—2%
28.3 27.7 27.1 263 25.6 24.6 23.7 22.5 21.1 19.4 Cr—Mo steels, (r 21/4%—3%
28.6] 28.0 27.3 26.1 247 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 e e Chromidm 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 Austenitié steels (TP304, 310, 316, 321, 347)
Copper and Copper Alloyq (UNS Nos.)

129 12,5 12.0 Comp. and leaded Sn-bronze (C836Q0, C92200)
13.8| 13.4 12.8 Naval brass, Si— & Al-bronze (C46400, C65500,
95240, C95400)

14.7] 142 13.7 Coppér (C11000)
15.6| 15.1 14.5 Copper, red brass, Al-bronze (C1020p¢, C12000,
C12200, C12500, C14200, C230d0, C61400)

16.6| 16.0 15.4 90Cu—-10Ni (C70600)
17.5] 16.9 16.2 Leaded Ni-bronze
18.4| 17.8 17.1 80Cu-20Ni (C71000)
20.2] 19.6 18.8 70Cu-30Ni (C71500)
Nickel and Nickel Alloyq (UNS Nos.)

24.3 24.1 23.7 23.1 22.6 22.1 21.7 21.2 Monel 400 N0O4400
26.0|1 25.7 253 247 24.2 23.6 23.2 22.7 Alloys N06097, NO8320
26.6| 26.4 259 25.4 24.8 24.2 23.8 23.2 Alloys N0O8800, N08810, N06002
279 27.6 271 265 259 253 24.9 24.3 Alloys N06455, N10276
28.1| 27.8 27.3 26.7 263 25.5 25.1 24.5 Alloys N02200, N02201, N06625
29.0| 28.7 28.2 27.6 /7270 26.4 25.9 25.3 Alloy N06600
29.1] 28.8 28.3 27.78\V27.1 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
Unalloyed Titanium

13.3| 126119 11.2 Grades 1,2, 3, and 7
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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
6063 (A24430, A91060, A91100, A93003,
A93004, A96061, A96063)

111 10.8

10.5 10.0 9.6 9.2

Grades 5097, 5154, 5454, 5652 (A95057, 116
A95154,|A95454, A95652)

Grades 354, 5083, 5086, 5456 (A03560, 11.7
A95083,|A95086, A95456)

10.7 10.2 9./ 9.4

10.8 10.3 9.8 AR5

8.7

8.9

9.0
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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 2 895
PVC, Type 1220 410 2 825
PVC, Type 2110 340 2 345
PVC, Type 2116 380 2 620
Chloripated PVC 420 2 895
Chloripated polyether 160 1105
PE, Type 2306 90 620
PE, Type 3306 130 895
PE, Type 3406 160 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(plrfluoroalkoxy alkane) 100 690
Thermlosetting Resins, Axially Reinforced
Epoxyjglass, centrifugally cast 1200-1900 8 p75-13 100
Epoxy{glass, filament-wound 1100-2000 7 $85-13 790
Polyedter-glass, centrifugally cast 1200-1900 8 p75-13 100
Polyedter-glass, hand lay-up 800-1000 5§ 515-6 895
Other
Borosilicate glass 9800 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
Factor [Notes (2), (3)]

Flexibility Flexibility
Factor, Out-of-Plane, In-Plane, Characteristic,
Description k Iy i h Sketch
T—
4
- T ¢
Welding eldow or pipe bend 1.65 0.75 0.9 TRy ‘ ro
[Notes (3), (4)-(7)] h p23 p23 2 }
2 Rq =bend
radius
Closely spag¢ed miter bend 1.52 0.9 0.9 cot 6 5_7'
s<r, (1]+ tan 6) PEQ p23 p23 2 r2
[Notes (3), (4), (5), (7)]
Single mitef bend or widely 1.52 0.9 0.9 1+cot Z
spaced mjter bend p5l6 23 p2I3 2 "
s> r, (1] + tan 6)
[Notes (2), (4), (7)1
_ T
Welding ted per ASME B16.9 1 0.9 Vsl + Ya 311 T
[Notes (q), (4), (6), (11), (13)] 23 A W ) ry
NjK T
Ix
_ir
. . 3 . 1 — — 2
Reinforced fabricated/tee 1 0.9 Yo o+ /4 (T +Y T7,)%° -— - —
with pad for saddlé 23 s, 4 | f:"r
[Notes (), (47,08}, (12), (13)] 2 7= , LU
Tr = T T
Pad Saddle "
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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 I B r2
[Notes (2)_(4) (12) (13)] 2L = N— I 14
[] : ] =1
*
4T
Extruded welding tee with 1 0.9 AR/ L T T T
r20.05 D, PEE ") T dr
7.415T .
[Notes (2), (4), (13)] Iy
Weldef-in contour insert 1 0.9 AR/ 8 z
[Notes (2), (4), (11), (13)] p23 T h
Branch welded-on fitting 1 0.9 0.9 T
. . —_— —_— 3.3 —
(intggrally reinforced) p23 p2/3 ry
[Notes (2), (4), (9), (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 welded joint, or socket weld flange or 1 Note (14)
fitting
Lap joint flange (with ASME B16.9 lap joint 1 1.6
stub)
Threaded pipe joint or threaded flange 1 2.3
Corrugated straight pipe, or corrugated or 5 2.5
creased bend [Note (10)]
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Table D300 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

100
80 Flexibility factor for
elbows k = 1.65/h
60 \
// Flexibility factor for
40 - miters k= 152/8%
\ / _ Stress intensification
- 20 N > factor / = 0.9//12/3
2 -
&5 15
c o Stress intensification
o8 . 2,
2% factor i = 0.75/h"3
S‘;':)' ;; 10R \/
z 8
22 s " = AN
£3 /
é’ & 6 \
& N
4 \N\\
3 \\\\ N\
15 \\\\
0.02 0.03 0.04 0.06 0.10 0.15 0.2 03 04 06 081.0 15
Characteristic h
Chart A
1.00 >
—/ /
0.75
< / ‘ //
§ = /
& 050
: //’\ \\
Q,.-0.375 / AN 1 End flanged ¢q = h'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)

NOTES:
(1) Stress intensification and flexibility factor data in Table D300 are for use in the absence of more directly applicable data (see para.

@

©)
@

O]
©
@

®
©)
(10)
(11)
(12

(13)

(14)

Copyright ASME International

319.3.6). Their validity has been demonstrated for D/ T < 100.

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.
A single intensification factor equal to 0.9/h*> may be used for both i; and i, if desired.
The values of k and i can be read directly from Chart A by entering with the characteristic h computed from the formulas

b NI las H £oll
DoOve oM eRtatuetS—aSToows:

given

D, = outside diameter of branch
= bend radius of welding elbow or pipe bend
= see definition in para. 304.3.4(c)
mean radius of matching pipe
= miter spacing at centerline
= 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 ih,the sketches
T, = pad or saddle thickness

0 = one-half angle between adjacent miter axes

—_n S s R
Il

ead directly from Chart B, entering with the computed h.

sed. Large errors may be introduced unless the effect of these greater thicknessesyis considered.

[able, divide k by

7 1
e[ [V R
TOLEIFE |
Hivide / by
5 2
P\ | 72 Ry 7
1¥3.25(=||= —
E T ry

For consistency, use kPa and mm for SI metri¢;“and psi and in. for U.S. customary notation.

When T, is > 1Y%, T, use h = 4 T/r.

[he designer must be satisfied that this\fabrication has a pressure rating equivalent to straight pipe.

Factors shown apply to bending. Flexibility factor for torsion equals 0.9.

fr,> Y% D, and T, > 1.57, a flexibility characteristic of 4.4 T/r, may be used.

[he out-of-plane stress intensification factor (SIF) for a reducing branch connection with branch-to-run diameter ratio of 0.

.0 may be nonconservative:="A smooth concave weld contour has been shown to reduce the SIF. Selection of the appropr
he designer’s responsibility.

bf the branch cénterline. More closely loaded branches may require special consideration.

maller leg forC,.

Where flanges are attached to one or both ends, the values of k and i in the Table shall ,be\corrected by the factors C;, which can be
[he designer is cautioned that cast buttwelded fittings may have considerably heavier walls than that of the pipe with which they are

n large diameter thin-wall elbows and bends, pressure can significantly affect.the"magnitudes of k and i. To correct value$ from the

<d/D<
ate SIF is

btress intensification. factors for branch connections are based on tests with at least two diameters of straight run pipe on| each side

P.1 max. or 2.1 T/CX, but not less than 1.3. C, is the fillet weld leg length (see Fig. 328.5.2C). For unequal leg lengths, usp the
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APPENDIX E
REFERENCE STANDARDS

h in this Appendix. It is not practical to refer to a specific edition of each standard throughout the [Code
ad, the specific edition reference dates are shown here. Specific edition reference dates are net\proyided
i codes and standards. For ASME codes and standards, the latest published edition in effect at the| time
is specified is the specific edition referenced by this Code unless otherwise specified in ‘the engingering

iance

design. Slibsequent issues and revisions of these referenced standards and any new standards ineorporated in the
Code by teference in Code Addenda will be listed (after review and acceptance by the Code Committee) in revisions
of this Appendix E.
A component ordinarily is not marked to indicate the edition date of the standard te.WHich it is manufactured
It is thergfore possible that an item taken from inventory was produced in accordanée”with a superseded e%;cion,
or an edifion not yet approved by the Code (because it is of later date than that listed and is in use). If comp
with a specific edition is a requirement of the intended service, it usually will(bé necessary to state the splecific
requirement in the purchase specification and to maintain identification of the/component until it is put in sefvice.
ASTM Specffications ASTM Specifications (Cont’d) ASTM Specifications (Cont’d)
A 20-96a A 276-97 A 487-93 (R1998)
A 36-97a A 278-93 A 494-98
A 47-90 (R1996) A 283-97
A 48-94a A 285-90 (R1996) A 508/A 508M-05
A 299-97 A 515-92 (R1997)
A 53-97 A 516-90 (R1996)
A 302-97 A 524-98
A 105-98 A 307-97 A 530-98
A 106-97a A 312-95a A 537-95
A 126-95 A 320-97
A 134-96 A 325-97 A 553-95
A 135-97 A333-98 A 563-94
A 139-96 A)334-96 A 570-96
A 335-95a A 571-84 (R1992)
A 167-96 A 350-97 A 587-96
A 179-90a [R1996)
A 181-95b A 351-94a A 645-97
A 182-97¢ A 352-93 (R1998)
A 193-97a A 353-93 A 671-96
A 194-97 A 354-97 A 672-96
A 197-98 A 358-95a A 675-90a (R1995)
A 369-92 A 691-98
A 202-57 A 370-97a
A 203-57 A 376-96 A 723/A 723M-02
A 20493 | o~ A 381-96 A 789-95
A 210/A 2T6#-6 A 387-92 (R1997) A 790-95
A 21693 (R1998) A 395-98 A 815-94
A 217-95
A 234-97 A 403-98 B 21/B 21M-01
A 240-97a A 409-95a B 26-98
A 420-96a B 42-98
A 263-94a A 426-92 (R1997) B 43-98
A 264-94a A 437-98 B 61-93
A 265-94a B 62-93
A 268-96 A 451-93 (R1997) B 68-99
A 269-96 A 453-96 B 75-99
A 479-97a B 88-99
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REFERENCE STANDARDS (CONT'D)
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ASTM Specifications (Cont’d) ASTM Specifications (Cont’d) ASTM Specifications (Cont’d)
B 96/B 96M-01 B 514-95 D 2657-03
B 98/B 98M-98 B 517-98 D 2662-96a
B 523-97 D 2666-96a
B 127-98 B 547-95 D 2672-96a (R2003)
B 148-97 B 550-97 D 2683-04
B 150-95a D 2737-03
B 551-97
B 152fB 152M-00 B 564-98a D 2837-04
B 160}93 B 574-98 D 2846/D 2846M-99¢
B 161}93 B 575-98 D 2855-96 (R2002)
B 162{93a B 581-97 D 2992-01
B 16495 B 582-97 D 2996-01
B 16598 B 584-00
B 166{97a D 2997-01
B 167}98 B 619-98 D 3000-95a
B 16898 B 620-98a
B 169)B 169M-01 B 621-95a D 3035'03a
B 171)B 171M-99 B 622-98a D,3439-98 (R2005)
B 187}00 B 625-95 D 3261-03
B 649-95 D 3309-96a (R2002)
B 20996
B 210}95 B 658-97 D 3517-04
B 211}95a B 675-96 D 3754-04
B 221{96 B 688-96 D 3839-02¢
B 241}96 B 690-96 D 3840-01
B 247}95a
B 705-94 D 4024-05
B 265|95a B 725-93 D 4161-01
B 280f99 B 729-95
B 283|199 B 804-96 D 5421-00
B 861-05 D 6041-97
B 333}98
B 335}97 C 14:95 E 94-00
B 337}95 C 80198 E 112-96
B 338}05b € 361-96 E 114-01
B 345|196 E 125-63 (R1997)
C 582-95 E 155-00
B 361}95 € 599-91 (R1995) E 165-95
B 36304 E 186-98
B 366}98a D 1527-99¢ E 213-04
B 381{97 D 1600-99 E 272-99
D 1694-95 (R2000) E 280-98
L B 407196 D 1785-04a E 310-99
B 4091962 E 446-98
" B 42399 D 2104-03 E 709-95
- B 424}98a D 2235-04
B 425199 D 2239-03 F 336-02
- B 435/98a D 2241-04b F 437-99
B 443}99 D 2282-99¢ F 438-04
" B 4449 D Z3T00T 73902
B 446-98 D 2321-04 F 441/F 441M-02
D 2447-03 F 442/F 442M-99
B 462-97 D 2464-99¢ F 493-04
B 463-98a D 2466-02 F 714-01
B 464-93 D 2467-04¢
B 466/B 466M-98 D 2468-96a F 1055-98¢<
B 467-88 (R1997) F 1290-98a (R2004)
B 491-95 D 2513-04a F1412-01¢
B 493-83 (R1993) D 2517-05 F 1498-00¢!
D 2564-04 F 1545-97 (R2003)
D 2609-02
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REFERENCE STANDARDS (CONT'D)

ASME Standards (Cont’d)

AWWA Standards

F 1673-04 B36.10M 110-1998

F 1970-01 B36.19M C111-2000

C115-1999

AISC Publication B46.1 8;2;532

. €200-1997

MO16 (Manual of Steel Construction, API Specifications €207-2001

Allowable-Stress—Bester—SthEdition; 3082001

1989) 5B, 1996 300-1997

5L, 41st Ed., 1995 €301-1992

ASCE Standard 15LE, 3rd Ed., 1995 302-1995
15LR, 6th Ed., 1990 €500-1993 (A1995)

ASCE 7-02

ASME Codés (Use Latest Edition)

API Standards

C504-2002
C€900-1989
€950-1995

526, 1995
ASME Boilgr and Pressure Vessel Code 594, 1997
Section ||, Part D 599, 2002 CDA Publication
Section 600, 2001
Section Vlll, Div. 1 Copper Tube Handbook, 1995
Section \IlI, Div. 2 602, 6th Ed., 1998
Section VI, Div. 3 603, 5th Ed., 2001
Section | 608. 2002 CGA Publication
609, 4th Ed., 1997 G h Ed
ASME Stanflards (Use Latest Edition) -4.1-1996, 4th Ed.
B1.1 APl Recommended Practice L
B1.20.1 CSA Publication
B1.20.3 RP 941, 5th Ed., 1997
B1.20.7 7245.1-1998
B16.1 ASNT Standard L.
B16.3 EJMA Publication, 8th Ed., 2003
B16.4 SNT TC-1A-2001
B16.5 EJMA Standards
B16.9
B16.10 ASQ Standards
B16.11 MSS Standard Practices
B16.14 Q 9000-1: 1994
B16.15 Q 9000-2: 1997 SP-6-2001
B16.18 Q 9000-3: 1997 SP-9-2001
B16.20 Q 9001: 2000 SP-25-1998
) Q 9002: 1994
B16.21 Q 9003: 1994 SP-42-1999
Bl6.22 SP-43-1991 (R2001)
B16.24 SP-44-1996
B16.25 AWS Standards SP-45-2003
B16.26 SP-51-2003
B16.28 A3-0-200% 5P-53-+999(R2602)
Bl6:34 A5.1-1991 SP-55-2001
B16.36 A5.4-1992 SP-58-2002
B16.39 A5.5-1996 SP-65-1999
A5.9-1993 SP-70-1998
B16.42 A5.11-1997
B16.47 A5.14-1997 SP-71-1997
B16.48 A5.22-1995 SP-72-1999
SP-73-2003
B18.2.1
B18.2.2
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MSS Standard Practices (Cont’d)

SP-75-1998
SP-79-1999 (A1999)
SP-80-1997
SP-81-2001
SP-83-2001
SP-85-2002
SP-88-1993 (R2001)

ASME B31.3-2006

REFERENCE STANDARDS (CONT'D)

NFPA Specification

1963-1998

PFI Standard

ES-7-2004

PPI Technical Report

TR-21-1974

SAE Specifications

J 513-1999
) 514-2001

SP-95
SP-97
SP-10
SP-11

NACE

Corrod
MR 01
RP 01
RP 04

2000

2001

b-1996 (R2001)
P-2003

Publication

ion Data Survey, 1985
75-97

70-93 (R1997)

2-95

) 518-1993

GENER
and A
by the
latest

AL NOTE: The issue date shown immediately following the hyphen after the nunibér of the standard (e.g., B16.9-1978,
47-77) is the effective date of the issue (edition) of the standard. Any additiopalknumber shown following the issue date 3
letter “R” is the latest date of reaffirmation [e.g., C101-1967 (R1977)]. Any edition number prefixed by the letter “A” is thq
addenda accepted [e.g., B16.36-1975 (A1979)].

207-1978,
nd prefixed
date of the
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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

Copyright ASME International

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--Streat—NW ChartHisireiria204512923
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 M9OW 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
wWw.asme.org www.ejmaorg
(Qrder Department MSS Manufacturers Standardization Society of the Valvd
32 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 www.nace.org
American Society for Quality NFPA National Fire Protection Association
€411 East Wisconsin Ave. 1 Batterymarch Park
Milwaukee, WI 53202 Quincy, Massachusetts 02169-7471
(BOO) 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 HarbarDrive 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
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400 Commonwealth Drive
Warrendale, Pennsylvania 15096-0001
(724) 776-4970 or (800) 832-6723
WWW.Sae.org
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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 American National Standards Institute, 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

to provide drainage from low areas to avoid damage

This Appendix provides guidance in the form of pre-
cautionaty 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 subjects can be found in the literature.

F301 DESIGN CONDITIONS

Selectign of pressures, temperatures, forces, and other
conditior}s that may apply to the design of piping can
be influepced 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) aind subjected to heating and consequent expan-
sion, megns of pressure relief should be considered to
avoid exdessive pressure buildup.

F301.5 DOynamic Effects

geysering] an effect that can occur in piping handlifig
fluids at ¢r near their boiling temperatures under condi-
tions wh¢n 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 associdted with vertical
pipelines|but may occur in inclined lines under certain
conditions.)

F301.7 Thermal Expansion and_Contraction Effects
bowing during cooldown: an.effect that can occur, usually
in horizoptal piping, ond{ntroduction of a fluid at or near
its boiling temperatuke and at a flow rate that allows
stratified |two-phase-flow, causing large circumferential
temperature gadients and possibly unacceptable
stresses gt archors, supports, guides, and within pipe
walls. (Two+phase flow can also generate excessive pres-

from water hammer or corrosion.

F304 PRESSURE DESIGN

F304.7 Pressure Design of Other Metallic
Components

F304.7.4 Expansion Joints./ Thé following arg spe-
cific considerations to be evaldated by the desjgner
when specifying expansion-joint requirements, in pddi-
tion to the guidelines given in EJMA Standards:

(a) susceptibility toystress corrosion cracking ¢f the
materials of constfuction, considering specific alloy con-
tent, method of manufacture, and final heat treated con-
dition.

(b) consideration of not only the properties gf the
flowing;medium but also the environment extermal to
the €xpansion joint and the possibility of condendation
orice formation due to the operation of the bellops at
ajreduced temperature.

(c) consideration of specifying a minimum bellows
or ply thickness. The designer is cautioned that reqyiring
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 wifl not
be extended, compressed, or offset to compensate for
improper alignment of piping, other than the intentional
offset specified by the piping designer.

(g) need torequest data from the expansion jointman-
ufacturer, including

(1) effective thrust area
(2) lateral, axial, and rotational stiffness (spring

sure oscillations and surges that may damage the
piping.)
F301.10 Thermal Fatigue at Mixing Points
Consideration should be given to the potential for
thermal fatigue on surfaces exposed to the fluid when
mixing fluids of different temperatures (e.g., cold drop-
lets impinging on the pipe wall of a hot gas stream).
F301.11 Condensation Effects

Where there is a possibility of condensation occurring
inside gaseous fluid piping, means should be considered

L £\
constatit)

(3) calculated design cycle life under specified
design conditions

(4) friction force in hinges, tie rods, etc.

(5) installed length and weight

(6) requirements for additional support or restraint
in the piping

(7) expansion joint elements that are designed to
be uninsulated during operation

(8) certification of pressure containing and/or
restraining materials of construction
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(9) maximum test pressure
(10) design calculations

F307 VALVES

(a) Extended bonnet valves are recommended where
necessary to establish a temperature differential between
the valve stem packing and the fluid in the piping, to
avoid packing leakage and external icing or other heat

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

flux problems. The valve should be positioned to pro-
vide fhis temperature differential. Consideration should para.( 433;2';:) material, strength (cold and-‘&b
be gilen to possible packing shrinkage in low tempera- ture), and specificatioéls for tigghtening of bolts
ture fluid service. F309.,1)

(b)| The effect of external loads on valve operability (5) design for access to the joint
and Jeak tightness should be considered. (b) Installation

(1) condition of flange mating surfaces

F30§ FLANGES AND GASKETS (2) joint alignment and gasket placemg
F308{2 Specific Flanges boltup

Slip-On Flanges. The need for venting the space
betwleen 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

Gasket materials not subject to cold flow should
nsidered for use with raised face flanges for fluid
bes at elevated pressures with temperatures signifi-
iy above or below ambient.
Use of full face gaskets with flat faced flanges
d be considered when using gasket materials sub-
ject tp cold flow for low pressure and vacuum services
at moderate temperatures. When such.gasket materials
are used in other fluid services, the-tise of tongue-and-
grooye or other gasket-confining tlange facings should
be cqnsidered.

(c)| The effect of flange facing finish should be consid-
ered fin gasket material selection.

BOLTING
L1 General

F309
F309

The use_of.eOntrolled bolting procedures should be
considerédyin high, low, and cycling temperature ser-
viceq, and under conditions involving vibration or

tempera-
(see para.

nt before

(3) implementationt of specified bolting procedures

F321 PIPING SUPPORT
F321.4 Wear\of Piping at Support Points

The usef pads or other means of pipe attathment at
supportpoints should be considered for piping systems
subject to wear and pipe wall metal loss from relative
nievement between the pipe and its supports (e.g., from
Wwave action on offshore production applicatipns).

F322 DESIGN CONSIDERATIONS FOR SPE
SYSTEMS

F322.6 Pressure Relief Piping

Stop Valves in Pressure Relief Piping. If stop YValves are
located in pressure relief piping in accordance yith para.
322.6.1(a), and if any of these stop valves are to|be closed
while the equipment is in operation, an authofized 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 ajithorized
person should lock or seal the stop valves in[the open
position.

CIFIC

F323 MATERIALS

(a) Selection of materials to resist deterioratjon in ser-

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
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vice 15 ot withirthe scope of this—Code._However,
suitable materials should be specified or selected for use
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.
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(b) Information on material performance in corrosive
environments can be found in publications, such as “The
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):

(800°F) of carbon steels, plain nickel steel, carbon-
manganese steel, manganese-vanadium steel, and
carbon-silicon steel

(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

(a) tht;l‘possmmty of exposure of the piping to fire (U170 SIIICON minimum) 10T temperatures above 82°C
and the melting point, degradation temperature, loss of (900°F)
strength at elevated temperature, and combustibility of (6) the possibility of damage due to hydrogen gxpo-

the pipin|
(b) the

e material under such exposure
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
resistancg, 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

sure at elevated temperature (see API R2941); hyd
damage (blistering) may occur at lower’temperg
under exposure to aqueous acid sdltions'

(6) the possibility of stress cott@sion cracking
exposed to cyanides, acids, acid salts, or wet hyd
sulfide; a maximum hardpesslimit is usually spe
(see NACE MR0175 and:RP0472)!

(7) the possibility of sulfidation in the presenjce of
hydrogen sulfide dt elevated temperatures

(c) High Alloy, (Stainless) Steels

fogen
tures

iwhen
ogen
rified

socket welded joints, and in other stagnant, confined (1) the pessibility of stress corrosion crackihg of
areas austenitic stainless steels exposed to media such as{chlo-
(e) the|possibility of adverse electrolytic effects if the ~ rides and“other halides either internally or exterhally;
metal is gubject to contact with a dissimilar metal the latter can result from improper selection or applica-
(f) thecompatibility of lubricants or sealants used on  tion of thermal insulation, or from use of marking|inks,

threads With the fluid service

paints, labels, tapes, adhesives, and other accepsory

(¢) the| compatibility of packing, seals, and O-rings ~\ materials containing chlorides or other halides
with the fluid service (2) the susceptibility to intergranular corrosipn of
(h) the| compatibility of materials, such as cements,  austenitic stainless steels sensitized by exposure tq tem-
solvents, [solders, and brazing materials, with the.fluid ~ peratures between 427°C and 871°C (800°F and 1600°F);
service as an example, stress corrosion cracking of sensftized

(i) the [chilling effect of sudden loss of\pressure on
highly vdlatile fluids as a factor in determining the low-
est expecfed service temperature

(j) the|possibility of pipe support failure resulting
from expgsure to low temperatiires (which may embrit-
tle the sfipports) or high temperatures (which may
weaken them)

(k) the|compatibility-of materials, including sealants,
gaskets, Jubricantsand insulation, used in strong oxi-
dizer fluid service/(e.g., oxygen or fluorine)

F323.4 Ypecific Material Considerations — Metals

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|com-
pounds
(4) the brittleness of ferritic stainless steels at
temperature after service at temperature above |
(700°F)
(d) Nickel and Nickel Base Alloys

room
71°C

The foH

4 1L A | ' ot
lovwing-are-some—specific-considerations—that
should be evaluated when applying certain metals in
piping:

(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

236

! Titles of referenced documents are

API RP 941, Steels for Hydrogen Service at Elevated Tempera-
tures and Pressures in Petroleum Refineries and Petrochemical
Plants

NACE MR0175, Sulfide Stress-Cracking Resistant Metallic Mate-
rials 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

NACERP0170, Protection of Austenitic Stainless Steel in Refiner-
ies Against Stress Corrosion Cracking by Use of Neutralizing Solu-
tions During Shutdown
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(1) the susceptibility to grain boundary attack of
nickel and nickel base alloys not containing chromium
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

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
higher-strength normalized and tempered materials,
there is consequently a possibility of reducing tensile

3) the possibility of stress corrosion cracking of  properties of the base material, particularly if long hold-
nickgl-copper Alloy 400 in hydrofluoric acid vaporinthe  ing times at the higher temperatures are usSed.
presgnce of air, if the alloy is highly stressed (including
residpal stresses from forming or welding) F335 ASSEMBLY AND ERECTION

(e)| Aluminum ant? Alummum Allo.ys F335.9 Cleaning of Piping

1) the cor.npatlbllllty with alummu.rrT of thread com- The following are some genmeral considerafions that

pounids used in aluminum threaded joints to prevent b 1 . 4 I .
o . may be evaluated in determinihg the need fof cleaning
seizifig and galling of piping;

2) the possibility of corrosiqn from copcrete, mor- (a) requirements of-the service, including possible
tart ll.me, plaster, or other alkaline materials used in  contaminants and corfosion products during fabrication,
buildings or structures assembly, storage;yerection, and testing.

3) the susceptibility of Alloy Nos. 5083, 5086, 5154, (b) for lowtemperature service, removal of [moisture,

“and $456 to exfoliation or intergranular attack; and the  oil, grease;and other contaminants to preverjt sticking
uppé¢r temperature limit of 66°C (150°F) shown in  of valves 6r blockage of piping and small cayities.
Appé¢ndix A to avoid such deterioration (c) for strong oxidizer fluid service (e.g., gxygen or

(f)| Copper and Copper Alloys fluerine), special cleaning and inspection. Refefence may
1) the possibility of dezincification of brass alloys Xxnade to ’{he Compressed Gas Assoc1at10n’§ Pamphlet
- . . G-4.1 Cleaning Equipment for Oxygen Service.

3 2) the susceptibility to stress-corrosion cracking of
coppkr-based alloys exposed to fluids such as ammonia F345.4.1 Test Fluid. Consideration should be given
or ammonium compounds to susceptibility to microbiologically influenged corro-

3) the possibility of unstable acetylide fefmation SO0 (MIC)' Th%s cond1t1qn is especially prevalent in no-
wher} exposed to acetylene ﬂlow,dhlgh rcrllmstlgle e?lwrontme.n:s.;. Intfeﬁ:alt\/ﬂf (r:lnay

(¢)| Titanium and Titanium Alloys. The ‘pessibility of 4150 Cepenc or the characteristics of the freated of

o o . untreated test fluid.

detetjioration of titanium and its alloys® above 316°C . o
o Internal MIC may be lessened or possibly eliminated

(600°). by properly draining and drying systems apd/or by

(h)| Zirconium and Zirconium Alloys. The possibility of proper selection of test fluid.
detetioration of zirconium and)zZirconium alloys above . . .
316°C (600°F). FA323.4 Material Considerations — Nonmetals

(i) | Tantalum. Above 299°C (570°F), the possibility of The following are some considerations to be pvaluated
reactjvity of tantaldm-with all gases except the inert when applying nonmetals in piping. See also ppras. F323
gaseq. Below 2999C) the possibility of embrittlement of ~ and F323-.1: o
tantalum by nascent (monatomic) hydrogen (but not (a) Static Charges. Because of the possibilify of pro-
molefular hixdrbgen). Nascent hydrogen is produced by ducing hazardous electrostatic charges in nqnmetallic
galvdnicGetion, or as a product of corrosion by certain  PiPing and metallic piping lined with nonmgtals, con-
cherlicals. sideration should be given to grounding th¢ metallic

(j) Metals With Enhanced Properties. The possible loss
of strength, in a material whose properties have been
enhanced by heat treatment, during long-continued
exposure to temperatures above its tempering temper-
ature.

(k) The desirability of specifying some degree of pro-
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.
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fluids.

(b) Thermoplastics. 1If 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.
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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 01£0 minimize the harmful consequences of pos-
sible piping failure.

(b) In1hostinstances, 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 Cqde 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
conditions.

(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, proxifwnity 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 qorro-
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 hazagdous
work; or special~training for operating, mainterjance,
and emergency crews

(d) meansfor 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 cohtrols
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

238
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APPENDIX H
SAMPLE CALCULATIONS FOR BRANCH
REINFORCEMENT

H30(L INTRODUCTION

Th

e following examples are intended to illustrate the

application of the rules and definitions in para. 304.3.3
for welded branch connections. (No metric equivalents
are gjiven.)

H301
An

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 thg
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 = 0.235,in!
Thus, the required area
Ay = 0.080 (4.286) (2% sin 90 deg) = 0.34
The reinforcement aréain run wall
Ay = 4.28670.282 — 0.08 — 0.10) = 0.437
in branch wall
A= 2(0.268) [(0.207 — 0.042) — 0.10] = 0.0
in branch welds
Ay = 2(%) (0.235)* = 0.055 sq in.
The total reinforcement area = 0.527 sq

This is more than 0.343 sq in. so that no 3
reinforcement is required to sustain the
pressure.

H302 EXAMPLE 2

There is an NPS 8 branch at right angles t|
12 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 weldg

sq in.

5q in.

B5 sq in.

fin.

dditional
internal

b an NPS
of alumi-
seamless
4 in. O.D.
f NPS 12
pipe and
llowable
rcordance
have the

Copyright ASME International

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.
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4. A zero

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.
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Fig. H301 Illustrations for Examples in Appendix H
i S~
\ 0.237 in. nom.
H301 Example 1 0.235 1 \)/ ) % Reinforcement
.235 in. /{0_166 =010 m.-—% Jone
0.322 in. nom. ) 4 o — )
0.282 in_min N L4 =0.268 in.
= o
7 4286 inf P 7
DT
C=0.10in. 4.286 in. 4.286 in. 8.625.in.0. D.
A
C=000i :s 0.500 in. nom.
=0.00 in N : ;
8.625 in. t\‘ 0.438 in. min.
H302 Example 2 L A
=~ \\ N
0.687 in. nom. N !§ Reinforcement
0.601 in. min. ?) 0.250 in N le 0'354 in. zone
0.687 in. nom. ¢ |' —- 7 - % ,mn . _
0.601 in. min. N - ' L4 =1.603 in.

C=0.00in.

H303 Example 3

0.500 in. nom.
0.438 in. min.

T I

7.749 in.

..

re——— 7.749in.

C=0.10in.

0.280 in. nom.
0.245 in. min.

0.500 in. nom.

, <\ \
&\\\ .\\‘ _\

¥

AN
“=2O\\\\\

12.75in. 0. D.
0.344 in.

Reinforcement
zone

L4=0.845in.

c=0.10in. 7 7.315in. 16 in. 0.D.
—=l 0.0488 in.
—A o VY Ir'_
. 0.237 in. nom.
"—C=0.150]n. 0.207 in. min.
4.500 in.
H304 Example 4 ' 6% in.
0.322 in. nom. Reinforcement
0.282 in. min. )/ 5 in.
03322 in. nom. ?2 - fin 0.166 in zone
0.09354n- 0.282 in. min. | 4.387 in._| '_‘ _E L4 =0.234 in.
Ti o 0,
i 4387in.— J\Y¥ %
€=0.189in. e 4.387in. -387in. 5 161 i:x.ezs in. 0. D.
240
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Leg dimensions of welds

[This

Usin

The 1

The 1

At the maximum permissible normal operating pres-
sure, the required area and the reinforcement area are

te 0250 . equal; thus
W = m = 0354 m.
98.80q = 8.638 — 124.73q
0.5 (0.687)
————"~ = 0.486 in.
0.707 m 22353 = 8.638
Ty = 0.687 (0.875) = 0.601 in. g = 0.0386
T, = 0.500 (0.875) = 0.438 in. But also
P
T, = 0.687 (0.875) = 0.601 in. 1= 16,000 + 0.8P
Ly = 2.5 (0.601 — 0.00) = 1.503 in. Thus
is smaller than 2.5 (0.438 — 0.00) + 0.601 = 1.695 in.] P = 0.0386 (16,000 0.8P) = 618.3 +
d, = d; = 8.625 — 2(0.438 — 0.00) = 7.749 in. 0.961P = 618.3
12.75P P = 643.1 psig

=

2(8000) (1.00) + 2(0.4) (P)

8.625P
2(8000) (1.00) + 2(0.4) (P)

t, =

b the symbol

B p
1= 16,000 + 0.8P

in briefly write
ty = 12.75q and t, = 8.625¢
equired area
A, = 7.749, = 68180q

einforcement area in runh wall

0.0309P

which is the-maximum permissible design piessure.

H303 “EXAMPLE 3
An NPS 6 Schedule 40 branch has its axis a

t a 60 deg

angle to the axis of an NPS 16 Schedule 40 ruz (header)

in an oil piping system (Fig. H301). Both pip¢
5L Grade A seamless. The connection is reinfo
a ring 12 in. O.D. (measured along the run) nf
Y% in. ASTM A 285 Grade C plate. All fillet
equivalent to 45 deg fillet welds with % in. le

s are API
rced with
lade from
welds are
bs. Corro-

sion allowance = 0.10 in. The design pressiire is 500

psig at 700°F. Is the design adequate for th
pressure?

Solution
From Appendix A, S = 14.4 ksi for API 511

b internal

Grade A
0 for API

25

Ay = 7.749.00.601 - 12.759 — 0.00) and ASTM A 285 Grade C (Table A-1); E = 1.
5L seamless (Table A-1B).
7 4657 - 98.80q T, = 0.500 (0.875) = 0.438 in.
in branch wall T, = 0.280 (0.875) = 0.245 in.
‘A = 2(1.503) (0.438 — 8.625¢ — 0.00) T, = 0.500 in.
= 1317 - 25934 Ly = 2.5 (0.245 - 0.10) + 0.500 = 0.86
in ring This is greater than 2.5 (0.438 — 0.10) = 0.845 in.

Ay = 0.601 (14 — 8.625) (5700/8000) = 2.302

in fillet welds

Copyright ASME International

Ay = 2(%) (0.354)% + 2(%) (0.486)* = 0.362

The total reinforcement area = 8.638 — 124.73q
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500 (16
t, = (ae) = 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 )

sin 60 deg ~0.866
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The required area
Ay = (0.274) (7.315) (2 - 0.866) = 2.27 sq in.
The reinforcement area in run wall
Ay = 7.315 (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

A2l o nis 6445 610y — 6062 serim
17 =0.866 ] ' T
in ring
Ay = 0.500 (12 - %) = 2175 sq in.

in fillet welds
Ay = 4(%)(%)* = 0.281 sq in.
The total reinforcement area = 2.986 sq in.

This total is greater than 2.27 sq in., so that no addi-
tional reipforcement is required.

H304 EXAMPLE 4

An NS 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
conditior}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 corrodéd away
so that agea A; as defined in para. 304.3.3(c)(1)-is zero.
What reipforcement is required for this connéction?

Solution

From Appendix A, S = 16.0cksi-for API 5L Grade A
(Table A-ll); E = 1.00 for API 5 seamless (Table A-1B).

3507(8:625) i
= = 0.0935 in.
2(16,000) (1.00) + 2(0.4) (350)
4.
1 350 (4.500) = 0.0488 in.

o 2(16,000) (1.00) + 2(0.4) (350)

dy = 4.500 — 2(0.0488) = 4.402 in.

T, = 0.322(0.875) = 0.282 in.
New Ly = 2.5(0.0488) + 0.282 = 0(404"in.
or 2.5(0.0935) = 0.234"in.

Use 0.234 in.
Reinforcement area in the fing (considering only the
thickness within L)

X; = 0.234(6!25 - 4.5) = 0.410 sq in.

0.5(0.322)

0707 = (0.228 in.

Leg dimension of weld =

Reinforcément 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. |O.D.,
cut from a piece of NPS 8 Schedule 40 API 5L (srade
A seamless pipe and welded to the connection|with
minimum size fillet welds would provide adequatd 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 nun is
ASTM A 53 Grade B seamless pipe. The design pressure
is 400 psi and the design temperature is 450°F. The dorro-

Required reinforcement area
A; = 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.

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 Egs. (2) and (3).
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APPENDIX )
NOMENCLATURE

(06)

Units [Note ()T Reference
Symb Definition Sl u.s. Paragraph  Table/Fig./App. quation
A Factor for determining minimum value of R, 304.2.3 (5)
Ay Cross-sectional area of pipe mm? in.? P319.4.4 (P17a) (P17b)
As Conveyed fluid cross-sectional area mm? in.2 $302.6 (51)
considering nominal pipe thickness less
allowances
Asp Pipe cross-sectional area considering nominal mm? in.2 S302.6 (S1)
pipe thickness less allowances
Ay Area required for branch reinforcement mm? in.2 304.3.3 304.3.3 ® (9
304.3.4 304.3.4
H300
A, Area available for branch reinforcement in run mm? in.? 304.3.3 304.3.3 @) (10)
pipe 304.3.4 304.3.4
H300
As Area available for branch reinforcement in mm? in.2 304.3.3 304.3.3 ®) (11)
branch pipe 304.3.4 304.3.4
H300
A, Area available for branch reinforcement in mm? in.2 304.3.3 304.3.3 12)
pad or connection 304.3.4 304.3.4
H300
C Cold spring factor 319.5.1 22) (23)
C Material constant used if computing V303.1.3 vV2)
Larson-Miller paranieter V303.1.4 (V3)
Cx Size of fillet weld,\socket welds other than mm in. 328.5.2C
flanges
G Estimateéd-self-spring or relaxation factor 319.5.1 (23)
c Suin*of mechanical allowances (thread or mm in. 302.3.5 304.3.3 @) (4a) (4b)
groove depth) plus corrosion and erosion 302.4 304.3.4 4c) (7) (8)
allowances 304.1.1 328.5.5 3) (14)
304.2.3 H301 (15) (25)
304.4.1 (33) (36)
304.5.2 (37
304.5.3
A304.1.1
H300
K302.3.5
K304.1.1
K304.1.2
K304.5.2
K304.8.4
S300
243
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Symbol

Definition

Units [Note (1)]

Reference

Sl u.s.

Paragraph

Table/Fig./App.

Equation

(4]

Co

Dy

Dy,

d,

E

Copyright ASME International

Sum of internal allowances

Sum of external allowances

K304.1.1
K304.1.2

K304.1.1
K304.1.2

(34b) (34d)
(35a) (35b)
(35¢) (35d)

(34a) (34

0

(35a) (35h)
(35¢) (35d)

Dutside diameter of pipe as listed in tables of
standards and specifications or as
measured

Dutside diameter of branch pipe

Dutside diameter of header pipe

nside diameter of pipe (note differences in
definition between paras. 304.1.1 and
K304.1.1)

nside diameter of branch pipe

nside or pitch diameter of gasket

nside diameter of header pipe

Design inside diameter of extruded putlet

Fffective length removed from) pipe at branch

Half-width of reinforcement zone

Dualityfactor

mm in.

304.1.1
304.1.2
304.1.3
319.4.1
A304.1.1
A328.2.5
K304.1.1
K304.1.2
K304.1.3
K304.8.4
S300

3043.4

304.3.3
304.3.4

304.1.1
K304.1.1
K304.1.2
304.3.4
304.5.3
304.3.4

304.3.4

304.3.3
H300

304.3.3
304.3.4
H300

302.3.1
304.1.1
304.1.2

304.1.1
304.2.3

304.3.3
304.3.4
D300

304.3.3
304.3.4

304.3.4

304.5.3

304.3.4

304.3.4

304.3.3

304.3.3
304.3.4

H300

(3a)3b)
(5)(16
27) 3
(340) (|
(350) (

(34b) (34
(35b)

(15)

9 (10)
© )

@

(3a) (3b)
(4a) (4

B9
(26)
)]
B5a)
B7)

d)
B35d)

(39
b)

(409 (1

b)

Modulus of elasticity (at specified condition)
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304.2.3
304.3.3
304.4.1
304.5.1
304.5.2
304.5.3
305.2.3
306.1.3
S300

A319.3.2
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Units [Note (1)] Reference
Symbol Definition SI u.s. Paragraph  Table/Fig./App. Equation
E, Reference modulus of elasticity at 21°C MPa ksi 319.3.2 (22) (23)
(70°F) 319.4.4
319.5
319.5.1
P319.4.4
P319.5
E, Casting quality factor 302.3.1 302.3.3C
302.3.3 Table A-1A
305.2.3
306.1.3
K302.3.3
K306.1.2
E; Joint quality factor 302.3.1 302.3.4
302.3.4 Table A-1B
305.2.3
306.1¢3
32%1.3
341041
341.5.1
K302.3.4
K305.1
K306.1.2
K328.5.4
En Modulus of elasticity at maximum or MPa ksi 319.3.2 22) (23)
minimum temperature 319.5.1
En Modulus of elasticity at the temperature of MPa ksi P319.5
the condition
E; Modulus of elasticity at test temperature MPa ksi X302.2.3 (X2)
F Service (design) factor A302.3.2 2649
A304.1.1
A304.1.2
F, Axial force N Ibf x 1000 P319.4.4 (P11a) (P17b)
(kips)
Fsq Sustained axial.foree”including the effects of N b S302.6 (S1),
weight, othler.sustained loads, and internal
pressuré
f StreSs¢range factor 302.3.5 (1a)[(1b) (10)
P302.3.5 (H10)
S300
f Stress range reduction factor P302.3.5 (P1a) (P1b)
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
i Stress intensification factor 319.3.6 D300
245 e
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Units [Note (1)] Reference
Symbol Definition Sl u.s. Paragraph  Table/Fig./App. Equation
ia Axial force stress intensification factor P319.4.4 (P17a) (P17b)
i In-plane stress intensification factor 319.4.4 D300 (18) (19) (20)
S300
iy Out-plane stress intensification factor 319.4.4 D300 (18) (19) (20)
P319.4.4
fsi n-plane sustained stress index S$302.6 (52
is,o Dut-plane sustained stress index S$302.6 (52)
K Factor determined by ratio of branch diameter 304.3.4 304.3.4 (O]
to run diameter
Ks 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 3193.6 D300
L Developed length of piping between anchors m ft 304.2.4 (16)
319.4.1
K304.2.4
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 L arson-Miller parameter, used to estimate V303.1.3 vV2) (V3)
design life V303.1.4
M L ength of full thickness pipe adjacent te.thiter ~mm in. 304.2.3 304.2.3
bend
M; n-plane bending moment N-mm in.-Ibf 319.4.4 319.4.4A (18) (19)[(20)
319.4.4B
Mo Dut-plane bending mantent N-mm in.-lbf 319.4.4 319.4.4A (18) (19){(20)
319.4.4B
Ms,; n-plane berding moment for the sustained N-mm in.-Ibf S302.6 (52)
condition’being evaluated
Ms,o Dut-plane bending moment for the sustained N-mm in.-Ibf $302.6 (52)
condition being evaluated
Mg Sustained torsional moment N-mm in.-Ibf S$302.6 (S3)
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 (10) (1d)
302.3.5
319.4.5
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Units [Note (1)] Reference
Symbol Definition SI u.s. Paragraph  Table/Fig./App. Equation
N Equivalent number of full operating cycles P300.2 (P1c) (P1d)
P302.3.5
P319.4.4
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 (P19)
stress range, S; (i = 1, 2,...)
N; Number of fatigue tests performed to develop X302.1.3 (X2)
the material factor, X,
P Design gage pressure kPa psi 30%41.1 D300 (3a)|(3b) Bc)
304.1.2 15) (24)
304.4.1 26) (34a)
304.5.1 J4b) (35a)
304.5.2 35b) (35¢)
304.5.3 35d) (37)
345.4.2
A304.1.1
A304.1.2
A304.5.1
H300
K304.1.1
K304.1.2
K304.7.2
K304.8.4
K345.4.2
S300
Py See BPV Code, Section VIII, Pivision 1, 304.1.3
UG-28
P; Gage pressure duripg\service condition i kPa psi V303.1.1 (V1)
P; Piping maximum:internal pressure for load kPa psi S300 S301
case j=2s.multiple cases subscripted,
2, 3, .50
P Maximum allowable internal pressure for kPa psi 304.2.3 (4a)| (4b) (40)
miter bends
Prnax Maximum allowable gage pressure for continu- kPa pci V30311 (/1)
ous operation of component at maximum
design temperature
Ps Limiting design pressure based on column kPa psi X302.2.3 (X3)
instability, for convoluted U-shaped bellows
Pr Minimum test gage pressure kPa psi 345.4.2 24) 27) X2)
A382.2.5
X302.2.3
R Range of reaction forces or moments in flexi- N or N-mm  lbf orin.-lbf ~ 319.5 22
bility analysis 319.5.1
247
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Units [Note (1)] Reference
Symbol Definition u.s. Paragraph  Table/Fig./App. Equation
Ry Estimated instantaneous reaction force or N or N-mm  Ibf orin.-lbf  319.5.1
moment at installation temperature
Rm Estimated instantaneous maximum reaction N or N-mm Ibf or in.-lbf  319.5.1 22)
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)
Ry Ratio of the average temperature dependent 302.3.2(d)(8)
trend curve value of tensile strength to the
room temperature tensile strength
Ry Ratio of the average temperature dependent 302.3.2(d)(8) 1)
trend curve value of yield strength to the K302.3.2
room temperature yield strength
R: Fffective radius of miter bend mm in. 304.2.3 304.2.3 (4b) (5)
R Bend radius of welding elbow or pipe bend mm in. 304.2.1 D300 3H B9
ri Ratio of lesser computed displacement stress 302.3.5 (1d)
range, S;, to maximum computed stress
range, S;; (= 1,2,...)
ri Ratio of lesser computed operating stress P302.3.5 (P1d)
range, S;, to maximum computed stress
range, S (i = 1,2,...)
Iy Fxternal 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)|(40)
thickness, T 319.4.4 D300 21
S Basic allowable stress for metals MPa ksi 300.2 A-1 (Ba) 3b)|(Bc)
302.3.1 (4a) (4p) (40)
304.1.1 (15) (2B)
304.1.2
304.1.3
304.2.3
304.3.3
304.4.1
304.5.1
304.5.2
304.5.3
319 3 /4
345.4.2
H300
S300
S Bolt design stress MPa ksi 300.2 A-2
302.3.1
S Design stress for nonmetals A304.1.1 B-1 (26)
A304.1.2
A304.5.1
A304.5.2
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Units [Note (1)] Reference
Symbol Definition SI u.s. Paragraph  Table/Fig./App. Equation
S Allowable stress for metals MPa ksi K304.1.1 K-1 (34a) (34b)
K304.1.2 (34¢) (34d)
K345.4.2 (35a) (35h)
(350) (35d)
S Stress intensity MPa ksi K304.8.4 - 37)
Sa Allowable stress range for displacement MPa ksi 300.2 ... (1a)|(1b) 32)
stress 302.3.5
319.2.3
319.3.4
319.4.4
319.4.5
K302.3.5
P319.4.5
S300
Sa Bolt design stress at atmospheric temperature ~ MPa ksi 304.5¢1
A304.5.1
Sa Stress due to axial force MPa ksi P319.4.4 - (P17a) (P17b)
Sp Bolt design stress at design temperature MPa ksi 304.5.1
A304.5.1
Sp Resultant bending stress MPa Ksi 319.4.4 - 17)[@8) (19)
P319.4.4 20) (P17a)
(A17b)
Se Basic allowable stress at minimum metal tem-  MPa ksi 302.3.5 . (1a)|(1b) 32)
perature expected during the displacement K302.3.5 (H1a)
cycle under analysis P302.3.5
S300
Sd Allowable stress from Table A-1 for thé mate- MPa ksi V303.1.1 .. (V1)
rial at design temperature
S Computed displacement stressjrange MPa ksi 300.2 . 17)(23)
302.3.5
319.2.3
319.4.4
319.4.5
319.5.1
S300
Se Maximum operating stress range MPa ksi P300.2 ... (P17b)
P319.4.4
St Allowable stress for flange material or pipe MPa ksi 304.5.1
304.5.2
Sy Mean long-term hydrostatic strength (LTHS) kPa psi A328.2.5 . 27
Sh Basic allowable stress at maximum metal MPa ksi 302.3.5 L. (1a) (1b) (23)
temperature expected during the 319.5.1 (32) (P1a)
displacement cycle under analysis K302.3.5
P302.3.5
S300
S; A computed displacement stress range MPa ksi 302.3.5 ... (1d)
smallerthan Se (= 1, 2,...)
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Units [Note (1)] Reference
Symbol Definition Sl Paragraph  Table/Fig./App. Equation
S; A computed operating stress range smaller MPa ksi P302.3.5
than Se (i =1,2,...)
S; Equivalent stress during service condition, i MPa ksi V303.1.1
(the higher of S, and S;) V303.1.2
S, Sum of longitudinal stresses MPa ksi 30235 (1h)
302.3.6
K302.3.5
K302.3.6
S300
So Dperating stress MPa ksi P319.4.4 (P17a)
Soa Allowable operating stress limit MPa ksi P300.2 (P1a)
P302.3.5
P319.4.4
P319.4.5
Som Greatest of maximum operating stress and MPa ksi P302.3.5
maximum operating stress range R319.4.4
Spi Fquivalent stress for pressure during service MPa ksi V303.1.1 V1)
condition, i
Ss Mean short-term burst stress kPa psi A328.2.5 @7
Ssa Btress due to the sustained axial force kPa psi S$302.6 (S1)
summation
Ssb Btress due to the indexed sustained bending kPa psi S$302.6 (S1) (52)
moments’ vector summation
St btress due to the sustained torsional-moment  kPa psi S302.6 (S1) (S3)
Sr Specified minimum tensile strength”at room MPa ksi 302.3.2
temperature
Sr Allowable stress at test\temperature MPa ksi 345.4.2 (24) (38)
K345.4.2
: St [orsional stress MPa ksi 319.4.4 17)
: P319.4.4 (P17a) (PL7b)
St [otal“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 3B1)
temperature K302.3.2
K328.2.1
S, Yield strength (BPV Code) MPa ksi 302.2.4
Sy Yield strength at temperature MPa ksi K302.3.2 3B
s Miter spacing at pipe centerline mm in. D300
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Units [Note (1)] Reference
Symbol Definition SI u.s. Paragraph  Table/Fig./App. Equation
T Pipe wall thickness (measured or minimum mm in. 304.1.1 323.3.1 (4a) (4b) (40)
per purchase specification) 304.2.3 328.5.2B (27) 35a)
306.4.2 K323.3.1 (35b) (350)
A304.1.1 (35d)
A328.2.5
K304.1.1
K304.1.2
S300
Ty Branch pipe wall thickness (measured or mini-  mm in. 304.3.3 304.3.3 ® (11) 12
mum per purchase specification) 304.3.4 304.3.4
H300
T. Crotch thickness of branch connections mm in. D300
Te Design temperature during service condition, i  °C °F V303.1.2 (V2)
(temperature corresponding to S;, Table V303.1.3
A-1)
Ty Header pipe wall thickness (measured or mini-  mm in. 304.3.3 304.3.3 @ (10
mum per purchase specification) 304.3.4 304.3.4
H300
T Actual temperature during service condition, i °C °F V303.1.4 (V3)
T; Pipe maximum or minimum metal tempera- °C °F S300 5301
ture for load case j = 1; multiple cases
subscripted, 2, 3, ...
T Minimum thickness of reinforcing ring or sad- mm in. 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 (21)
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
T Nominal wall\thickness of pipe mm in. 302.3.5 328.5.2B
S300 328.5.5
K302.3.3D
D300
Ty Nominal branch pipe wall thickness mm in. 319.4.4 304.3.3
32854 328-L-4D
331.1.3
T, Nominal header pipe wall thickness mm in. 319.4.4 304.3.3
328.5.4 328.5.4D
331.1.3
7 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
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Symbol

Units [Note (1)]

Reference

Definition SI u.s.

Paragraph  Table/Fig./App. Equation

tp

th

tm

tmin
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Pressure design thickness mm in.

304.1.1
304.1.2
304.1.3
304.3.3
304.4.1
304.5.2
A304.1.1

304.1.1
328.5.2C

(2) (3a) (3b)
(39 (3d)
(13) (14)
(25) (26)
(33) (34a)
(34b) (340)
(34d) (36)

Pressure design thickness of branch mm in.

[hroat thickness of cover fillet weld mm in.

Pressure design thickness of header mm in.

[otal duration of service condition, i, at pres- h hr
sure, P;, and temperature, T;

Minimum required thickness, including mm in.
mechanical, corrosion, and erosion allow-
ances

For branch, the.smaller of _Tb or T, mm in.

Rupture_life*of a component subjected to h hr
repeated service conditions, i, and stress,
Si

A304.1.2
A304.1.3
K304.1.1
K304.1.2
K304.1.3
K304.5.2
S$300

304.3.3
304.3.4
H300

304373
304.3.4

® (11

328.,5.4
3314.3
H300

328.5.4

304.3.3
304.3.4
H300

304.3.3
304.3.4

© ) ) (10)

V303.2 . (v4)

304.1.1
304.2.1
304.4.1
304.5.2
304.5.3
328.4.2
A304.1.1
A304.2.1
K304.1.1
K304.2.1
K304.5.2
K328.4.2
S300

328.3.2
328.4.3
K328.4.2
K341.3.2

2 (13) (o)
15 (2p)
(33) Gp)

328.5.4 328.5.4

V303.1.4
V303.2

(V3) (V&)

Straight line distance between anchors m ft

Creep-rupture usage factor, summed up from
individual usage factors, t;/t;

Weld joint strength reduction factor

252

319.4.1 R (16)

V303.2 ce (V4)
V303.3

302.2.2
302.3.5
304.1.1
304.1.2
304.2.1
304.2.3
304.3.3

(3a) (3b) 30)
(4a) (4b)
(4c) (15)
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Units [Note (1)] Reference
Symbol Definition S us. Paragraph  Table/Fig./App. Equation
304.4.1
304.5.1
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 Size of fillet weld to slip-on or socket welding mm in. 328.5y2B
flange
Y Coefficient for effective stressed diameter 304.1.1 304.1.1 (3a)
304.1.2
S300
Y+ Single acting support — a pipe support that S302
provides support to the piping system in
only the vertically upward direction
Resultant of total displacement mm in, 319.4.1 (16)
Z Section modulus of pipe mm?> i’ 319.4.4 18)[ (19
Z, Effective section modulus for branch mm3 in.? 319.4.4 (20)| 21)
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
B Smaller angle between axes of branch and deg deg 304.3.3 304.3.3 ® (8
run
AT, Range of temperature change_for full cycle °C °F 302.3.5
AT, Range of temperature change for lesser cycle °C °F 302.3.5
h=1,2..)
[ Angle of miter eut deg deg 304.2.3 304.2.3 (4a)| (4c) (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)
thhtimay-be used in computations, if stress values in ksi and MPa are multiplied by 1,000 for use in equations that also inyolve pres-
surein psi and kPa valiles
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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 ............cviiiiininennann. 256
A 105 Forgings, Carbon Steel, for Piping Components . .. ... ...ttt it ee i eieennn 256
A 106 Seamless Carbon Steel Pipe for High-Temperature Service ..........cooiiiiiiniiniininneneenennensdn 256
A 182 Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-Temperature

S]] o O 258, 264, 262

A 210 Seamless Medium-Carbon Steel Boiler and Superheater Tubes ........ ...l ... 256
A 234 Piping Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and Elevated Temperatres®. ........ 256
A 312 Seamless and Welded Austenitic Stainless Steel Pipe ... ittt N ee e e 258, 260
A 333 Seamless and Welded Steel Pipe for Low-Temperature Service ............c... . @0 T .. 256, 258
A 334 Seamless and Welded Carbon and Alloy-Steel Tubes for Low-Temperature Service™™\»...........cooot... 256, 258
A 335 Seamless Ferritic Alloy Steel Pipe for High-Temperature Service ........... ). Yo o oo oot 256
A 350 Forgings, Carbon and Low-Alloy Steel Requiring Notch Toughness Testing for\Piping Components ......... 256, 258
A 358 Electric-Fusion-Welded Austenitic Chromium-Nickel Alloy Steel Pipe for HighsTemperature Service ......... 258, 260
A 403 Wrought Austenitic Stainless Steel Piping Fittings . ....... .. . 0N T i 260, 262
A 420 Piping Fittings of Wrought Carbon Steel and Alloy Steel for Low-Temperature Service ................... 256, 258
A 508 Quenched and Tempered Vacuum-Treated Carbon and Alloy, Steel Forgings for Pressure Vessels .......... 258
A 723 Alloy Steel Forgings for High-Strength Pressure Component Application .......... ... i, 258
B 164 Nickel-Copper Alloy Rod, Bar and Wire . ... e N ettt ittt it it it et et 264
B 165 Nickel-Copper Alloy (UNS N04400) Seamless\Pipe and Tube .........cooiiiiininniiiiiiniiiiinann 264
B 166 Nickel-Chromium-Iron Alloy (UNS N0660Q) Rod, Bar and Wire ...........ouiiineiiineennnennnnennnnn 264
B 167 Nickel-Chromium-Iron Alloy (UNS NO6600-N06690) Seamless Pipe and Tube ...........covvvevrnnnn... 264
B 338 Seamless and Welded Titanium and Titanium Alloy Tubes for Condensers and Heat Exchangers .......... 266
B 363 Seamless and Welded Unalloyed Titanium and Titanium Alloy Welding Fittings .............. ... ... .... 266
B 366 Factory-Made Wrought Nickel)and Nickel-Alloy Welding Fittings . ............ciiiiiiiiiiiniinnennn.. 264
B 381 Titanium and Titanium AlGY FOrgings . ...ttt it it it it e et ettt et et ie e 266
B 564 NiCKel ALlOY FOTgiMgS = . . . oottt ettt it it ettt et et e ettt it i i ettt 264
B 574 Low-Carbon Njckel-Molybdenum-Chromium Alloy Rod ....... ...t 264
B 622 Seamless Nickel and Nickel-Cobalt Alloy Pipe and Tube ....... ... ... i, 264
B 861 Titanidm~and Titanium Alloy Seamless Pipe . ..ottt i i it it ettt ettt eiaanns 266
API
5L [T T = PP 256

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 TABLES

GENERAL NOTES:

®

This type or grade is permitted only in the seamle

SS con-

@

(b)

©

NOTES:

@

@

©)
)

5)

(©)
@

[he allowable stress values and P-Number or S-Number
hssignments in Table K-1, together with the referenced Notes
hnd double bars [see Note (7) of Notes for Appendix A
[ables], are requirements of Chapter IX.

Notes (1) through (7) and Notes (17) and (18) are referenced
n Table headings and in headings for material type and prod-
ict form; Notes (8) through (16) and (19) through (21) are
eferenced in the Notes column for specific materials.

A\t this time, metric equivalents have not been provided in
[able K-1. To convert stress values in Table K-1 to MPa at a
Eiven temperature in °C, determine the equivalent tempera-
ure in °F and interpolate to calculate the stress value in ksi
ht the given temperature. Multiply by 6.895 to determine
hllowable stress in MPa at the given temperature.

[he stress values in Table K-1 are allowable stresses in ten-
ion in accordance with para. K302.3.1(a). Stress values in
hear and bearing are stated in para. K302.3.1(b), those in
ompression in para. K302.3.1(c).

bamples representative of all piping components, as well as
heir fabrication welds, shall be impact tested in accordance
vith para. K323.3.

Material minimum service temperature shall be in accor-
Hance with para. K323.2.2.

[he temperature limit for materials shall be in accordance
vith para. K323.2.1. A double bar (|)) after a tabled/stress
ndicates that use of the material is prohibitéd above that
emperature.

btress values printed in italics exceed ¢wothirds of the
pxpected yield strength at temperatdre) Stress values in bold-
ace are equal to 90% of yield stfength at temperature. See
bara. K302.3.2.

\ product analysis of the niatetial shall be performed. See
para. K323.1.5.

bee para. 328.2.1(f) fora“description of P-Number and
b-Number groupings«P-Numbers are indicated by number or
by a number followed by a letter (e.g., 8, or 5B, or 11A).
b-Numbers ,are-preceded by an S (e.g., S-1).

©

(10)

(11)
(12)
(13)

(14)

(15)

(16)
17)
(18)
(19)
(20)

(1)

dition.

If this grade is cold expanded, the most severely
portion of a representative sample shall bé impad
accordance with para. K323.3.

This material may require special consideration fo
qualification. See the BPV Code,-Seetion IX, QW/(
use in this Code, a qualified WPS.is required for 4
strength level of material.

No welding is permitted on\this material.

Welds in components=shall be of a design that p¢g
interpretable radiographic examination; joint qual
Ej, shall be 1.00xin accordance with para. K302.3,
Pipe furnished'to this specification shall be suppl
solution hedt treated condition.

This unstabilized grade of stainless steel increasir
to precipitate intergranular carbides as the carbon
increases above 0.03%. See also para. F323.4(c)
Stress values shown are for the lowest strength b
rial permitted by the specification to be used in t
ture of this grade of fitting. If a higher strength bg
is used, the higher stress values for that material
used in design.

Galvanized pipe furnished to this specification is
ted for pressure containing service. See para. K32
Pipe and tubing shall be examined for longituding
accordance with Table K305.1.2.

Material defects may be repaired by welding only
dance with para. K323.1.6.

For material thickness > 127 mm (5 in.), the spec
mum tensile strength is 448 MPa (65 ksi).

For material thickness > 127 mm (5 in.), the spec
mum tensile strength is 483 MPa (70 ksi).

At temperatures above 100°F, the allowable stress
Table A-1 for this material may be used for Chapt
cations. Alternatively, allowable stresses may be g

accordance with the requirements of para. K323.2.

Heformed
t tested in

I welding
B-422. For
ach

rmits fully
ity factor,
.

ed in the

gly tends
content
D).

pse mate-
e manufac-
se material
may be

hot permit-
3.4.2(b).

| defects in
in accor-
fied mini-
fied mini-
es listed in
r IX appli-

erived in
1.
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Table K-1 Allowable Stresses in Tension for Metals for Chapter |

ASME B31.3-2006

X1—6, 18

Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Spected
Spec. or S-No. Type g,
Material No. ) or Grade Notes Tensile Yield
Carbon Steel
Pipes and Tubes (17)
A53 1 B (®6)
A 106 1 B .
A 333 1 6 ® 60 3]
A 334 1 6 @®
API 5L S-1 B ®0)
A 210 1 A-1 60 37
A 106
A 210 1 C 70 4(
API 5L S-1 X42 8)©®)(21) 60 43
APl 5L S-1 X46 ®0©)(1) 63 46
API 5L S-1 X52 ®0©9)(21) 66 53
APl 5L S-1 X56 8)(9)(10)(21) 71 54
API 5L S-1 X60 (8)(9)(10)(21) 75 6(
API 5L S-1 X65 (8)(9)(10)(21) 77 61
API 5L S-1 X70 ®0©@10)(21) 82 7(
API 5L S-1 X80 8)(9)(10)(21) 90 8(
Forgings|and Fittings
A 234 1 WPB
A 420 1 WPL6 8) 60 3]
A 350 1 LF2
A 105 1 Ce . 70 346
A 234 1 WPC ® 70 4
Low and Intermediate Alloy Steel
Pipes pnd Tubes (17)
C-YMo A 335 3 P1 55 3
1Cr-Y,Mo A 335 4 P12 60 32
1Y,cr-Y%Mp A335 4 P11 60 3
5Cr-Y4Mo A/335 5A P5 60 3(
21/4Cr—1Nl0 A 335 5A P22 60 3(
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX'~5 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
100 200 250 300 400 500 600 650 700 Type or Grade Spec. No.
Carbon Steel
Pipes and Tubes (17)
B A 53
B A 106
23.3 21.3 20.7 20.0 18.9 17.3 16.9 16.8 6 A 333
6 A 334
B API 5L
24.7 22.5 21.9 21.1 20.0 18.3 17.9 17.8 A-1 1 A210
l A 106
26.7 24.3 22.9 23.7 21.6 19.7 19.4 19.2 C | A210
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 and Fittings
J: WPB A 234
23.3 21.3 20.7 20.0 18.9 17.3 16.9 16.8 WPL6 A 420
J: LF2 A 350
24.0 21.9 21.3 20.6 19.5 17.7 17.5 17.3 . A 105
26.7 24.3 23.7 22.9 2.6 19.7 19.4 19.2 WPC A 234
Low and Intermediate Alloy Steel
Pipes and Tubes (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 L7l 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 IX'% 18 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Spec. or S-No. Type g,
Material No. 7) or Grade Notes Tensile Yield
Low and Intermediate Alloy Steel (Cont’d)
Pipes and Tubes (17) (Cont’d)
3Y4Ni A 333 9B 3 l
3Y4Ni A 334 9B 3 (8) 65 3p
9Ni A 333 1
9Ni A 334 11A 8 ® 100 7p
Forgings|and Fittings
3Y,Ni A 420 9B WPL3 ) 65 3p
3Y4Ni A 350 9B LF3 ... 70 37|5
1Cr-%Mo A 182 4 F12, Cl. 2 ... 70 4p
1Y,Cr-Y%Mp A 182 4 F11, ClL. 2 RY: 70 4p
c-Y%Mo A 182 3 F1 \. . 70 4
5Cr-Y5Mo A 182 58 F5 ... 70 4
2Y,Cr-1Md A 182 5A F22, CL. 3 ... 75 4p
9Ni A 420 11A WPL8 ® 100 7p
3Y4Ni-1%/,¢r-Y,Mo A 508 11A 4N, Cl. 2 . 115 10p
Ni-Cr—Mo A 723 . 1,2,30C1 (11) 115 10p
Ni-Cr-Mo A 723 ... 1,293 Cl. 2 (11) 135 12p
Ni-Cr-Mo A 723 . 152,33 (11) 155 14p
~ Stainless Steel (5)
Pipes and Tubes (17)
© 16Cr-12Nit2Mo A 312 8 TP316L (12) l
316L, A 24D A 358 8 316L, Cl. 1 & 3 (12)13) 70 2b
©16Cr-12Ni} 2Mo-N A 312 8 TP316LN (12) l
“316LN, A 240 A 358 8 316LN, Cl. 1 & 3 (12)13) 75 3p
18Cr-8Ni A312 8 TP304L (12) l
304L, A 240 A 358 8 304L, Cl. 1 & 3 (12)(13) 70 2b
18Cr-8Ni- A 312 8 TP304LN (12) l
304LN, A 240 A 358 8 304LN, Cl. 1 & 3 (12)(13) 75 3p
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX!~% 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)
J A 333
23.3 21.3 20.7 20.0 18.9 17.3 17.0 15.7] 3 | A334
J 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 F11)ek 2 A 182
26.7 24.6 23.4 22.5 21.7 20.9 20.5 20.1 F1 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 24.0 237 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 1,2,3Cl1 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 84.5 834 81.9 80.3 1,2,3Cl.3 A723
Stainldss Steel (5)
Pipes and Tubes (17)
{ TP316L A312
16.7 16.7 16.7 15.8 14.8 14.0 13.8 13.5 316L, Cl. 1 &3 A 358
J: TP316LN A312
20.0 20.0 20.0 18.9 17.5 16.5 16.0 15.6 316LN, Cl. 1 & 3 A 358
{ TP304L A312
16.7 16.7 1677 15.8 14.7 14.0 13.7 13.4 304L, Cl. 1 &3 A 358
{ TP304LN A 312
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 IX'% 18 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Spdied 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_—Ti A 312 8 TP321 70 5
smls. > Y4 in. thick
18Cr—10NitTi A 312 8 TP321 12) 7
smls. < ¥4 in. thick or wld.
321, A 240 A 358 8 321,Cl.1&3 12)(13) 75 0
18Cr-8Ni A 312 8 TP304 12)(14) :L
304, A 24( A 358 8 304,Cl.1&3 (12)(13)(124) 75 0
16Cr-12Ni{+2Mo A 312 8 TP316 (12)(14)
316, A 240 A 358 8 316, Cl. 1 &3 @2)(13)(14) 75 0
18Cr-13Ni{+3Mo A 312 8 TP317 (12)(14)
18Cr-10Ni+Cb A 312 8 TP347 12) :L
347, A 24( A 358 8 347,Cl.1&3 12)(13) 75 0
18Cr-8Ni- A 312 8 TP304N 12)(14) :L
304N, A 240 A 358 8 304N, Cl, 1@u3 (12)(13)(14) 80 5
16Cr-12Ni+2Mo-N A 312 8 TP316N 12)(14) l
316N, A 240 A 358 8 316N, Cl. 1 & 3 (12)(13)(14) 80 5
Forgings|and Fittings
16Cr-12Ni}2Mo A 182 8 F316L 19 l
16Cr-12Ni{+2Mo A 403 8 WP316L, Cl. S & WX (12) 70 5
16Cr-12Nit+2Mo-N A 182 8 F316LN (20) :L
16Cr-12Ni{2Mo-N A 403 8 WP316LN, Cl. S & WX 12) 75 0
18Cr-8Ni A 182 8 F304L (19) l
18Cr-8Ni A 403 8 WP304L, Cl. S & WX (12) 70 5
18Cr-8Ni- A 182 8 F304LN (20) l
18Cr-8Ni- A 403 8 WP304LN, Cl. S & WX 12) 75 0
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX!~% 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
100 200 300 400 500 600 650 700 Type or Grade Spec. No.
Stainless Steel (5) (Cont’d)
Pipes and Tubes (17) (Cont’d)
16.7 16.7 16.7 16.7 16.1 15.2 14.9 14.6 TP321 A 312
smls. > 34 in. thick
TP321 A 312
smls. < %4 in. thick & twld.
20.0 20.0 20.0 20.0 19.4 18.3 17.9 17.5 321,Cl.1&3 A 358
{ TP304 A312
20.0 20.0 20.0 18.6 17.5 16.4 16.1 15.9 304, Cl. 1483 A 358
TP316 A 312
20.0 20.0 20.0 19.3 18.0 17.0 16.7 16.3 316;Cl.1&3 A 358
TP317 A 312
{ TP347 A312
20.0 20.0 20.0 20.0 20.0 19.4 19.0 18.6 347,Cl.1&3 A 358
J: TP304N A312
23.3 23.3 22.5 20.3 18.8 17.8 176 17.2 304N,Cl.1&3 A 358
{ TP316N A312
23.3 23.3 23.3 23.3 22.2 2141 20.5 20.1 316N, Cl.1 &3 A 358
Forgings and Fittings
F316L A 182
16.7 16.7 16.7 15.8 14.8 14.0 13.8 13.5 WP316L, Cl. S & WX A 403
F316LN A 182
20.0 20.0 20.0 189 17.5 16.5 16.0 15.6 WP316LN, Cl. S & WX A 403
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
{ F304LN A182
20.0 20.0 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 IX'% 18 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Spec. or S-No. Type g,
Material No. ) or Grade Notes Tensile Yield
Stainless Steel (5) (Cont’d)
Forgings and Fittings (Cont’d)
18Cr-10Ni{-Ti A 182 8 F321 (20) l
18Cr—10Ni}-Ti A 403 8 WP321, Cl. S & WX (12) 75 0
18Cr—8Ni A 182 8 F304 (14)(20) :L
18Cr—8Ni A 403 8 WP304, Cl. S & WX (12)(14) 75 0
16Cr—12Nif-2Mo A 182 8 F316 (14)(20)
16Cr-12Ni{2Mo A 403 8 WP316, Cl. S & WX (12)(14) 75 0
18Cr-13Ni{3Mo A 403 8 WP317, Cl. S & WX (12)(14)
18Cr-10Ni}-Cb A 182 8 F347 (20) :L
18Cr—10Ni{-Ch A 403 8 WP347, Cl. S & WX (12) 75 0
18Cr—8Ni- A 182 8 F304N (14) 1
18Cr—8Ni- A 403 8 WP304N, Cl. S & WX (12)(14) 80 5
16Cr-12Ni{-2Mo-N A 182 8 F316N (14) 1
16Cr—12Nit2Mo-N A 403 8 WP316N, Cl. S.& WX (12)(14) 80 5
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX'~% 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)
l F321 A182
20.0 20.0 Ce 20.0 20.0 19.4 18.3 17.9 17.5 WP321, Cl. S & WX A 403
J: F304 A 182
20.0 20.0 R 20.0 18.6 17.5 16.4 16.1 15.9 WP304, Cl. S & WX A 403
F316 A 182
20.0 20.0 - 20.0 19.3 18.0 17.0 16.7 16.3 WP316, CloS &WX A 403
WP317,€l£S& WX A 403
J: F347 A182
20.0 20.0 . 20.0 20.0 20.0 19.4 19.0 18.6 WP347, Cl. S & WX A 403
{ F304N A182
23.3 23.3 Ce 22.5 20.3 18.8 17.8 17.6 17.2 WP304N, Cl. S & WX A 403
J: F316N A 182
23.3 23.3 R 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 IX'™% 18 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

e
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 R5
Ni-Cr—Fe B 167 43 N06600 H.W. :L

Ni—-Cr—Fe B 167 43 N06600 HW. ann. >50.D 75 P5
Ni—-Cu B 165 42 N04400 Annealed <5 0.D. . 70 P8
Ni—Cr—Fe B 167 43 N06600 H.W. <5 0.D. e

Ni—Cr—Fe B 167 43 N06600 H.W. ann. <5 0.D. 80 B0
Ni—Cr-Fe B 167 43 N06600 C.W. ann. > 5 0.D.

Ni—Cr—Fe B 167 43 N06600 CW. ann. <5 0.D. - 80 B5
Ni—-Mo—-Cr B 622 44 N10276 . All ce 100 41
Ni-Cu B 165 42 N04400 Str. rel. All - 85 55

Forgings|and Fittings

Ni-Cu B 366 S-42 NO4400 .. All (12)(15) :L
Ni—Cu B 564 42 N04400 Annealed All 70 D5
Ni-Cr—Fe B 366 S-43 N06600 .. All (12)(15) 75 D5
Ni—Cr—Fe B 564 43 N06600 Annealed All 80 35
Ni-Mo-Cr | B 366 44 N10276 All (12 ]» 100 i1
Ni—-Mo—-Cr B 564 44 N10276 Annealed All .

Rod and|Bar
Ni—Cu B 164 42 N04400 Annealed All - 70 P25
Ni—Cr—Fe B 166 43 N06600 CW(ann. & HW. ann. All .. 80 35
Ni—-Cr-Fe B 166 43 N06600 HW., AW. Sq., rec. & hex. :L
Ni—Cr—Fe B 166 43 N06600 HW., AW, >3 rd. 85 35
Ni—Cu B 164 42 NO4400 H.W. Rod, sq. & rec. <12, ... 80 .0

hex. < 2%

Ni—Cr—Fe B 166 43 N06600 HW., AW. Y to 3 rd. 90 1.0
Ni-Mo-Cr | B 574 44 N10276 . All 100 i1
Ni—Cr—Fe B 166 S-43 N06600 HW., AW. Y. to Y rd. ... 95 15

Abbreviations in Condition and Size Range Columns:

ann. annealed rd. rounds
AW. as worked rec. rectangle
CW. cold worked rel. relieved
M.V, Mot WOTRed Sq. Squdres
hex. hexagons str. stress
0.D. outside diameter
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX'~% 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 14.7 e 13.7 13.2 13.2 13.2 13.2 13.2 N04400 B 165
16.7 16.7 Ce 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 N04400 B 165
20.0 20.0 20.0 20.0 20.0 20.0 20.0 2010, 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 A 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| A T - N04400 B 165
Forgings ar{d Fittings

{ NO4400 B 366

16.7 14.7 . 13.7 13.2 13.2 13.2 13.2 13.2 N04400 B 564
16.7 16.7 ce 16.7 16.7 16.7 16.7 16.7 16.7 N06600 B 366
23.3 23.3 R 23.3 23.3 23.3 23.3 23.3 23.3 N06600 B 564
27.3 27.3 . 27.3 27.3 26.9 25.2 24.6 24.0 ‘Ii N10276 B 366
N10276 B 564

Rold 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 . 23.3 2373 23.3 23.3 23.3 23.3 N06600 B 166
26.7 23.5 - 21.9 21.2 21.2 21.2 21.2 21.2 N04400 B 164
26.7 24.5 e 23.1 22.0 21.2 20.7 20.6 20.4 N06600 B 166
27.3 27.3 L 27.3 27.3 26.9 25.2 24.6 24.0 N10276 B 574
30.0 21.2 NY 21.2 21.2 21.2 21.2 21.2 21.1 N06600 B 166
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(06) Table K-1 Allowable Stresses in Tension for Metals for Chapter IX!-% 18 (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. Strength, ksi
. Material No. (7) Grade Notes Tensile Yield
,ETitanium and Titanium Alloy
" Pipes and Tubes (17))
Ti R 861 51 2
T B 338 51 2 ®)
Ti-0.2 Pd B 861 51 7 .. 50 40
Ti-0.2 Pd B 338 51 7 ®
Ti B 861 52 3 . l
Ti B 338 52 3 ® 65 55
Forgings|and Fittings
Ti B 363 51 WPT2 ®
Ti B 381 51 F2 .. 50 40
Ti-0.2 Pd B 381 51 F7 e
Ti B 363 52 WPT3 ® l
Ti B 381 52 F3 Q) 65 55
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX1-5 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)
2 B 861
2 B 338
26.7 21.0 17.1 13.1 9.9 7.6 a 7 B 861
L 7 B 338
'3 B 861
36.7 29.3 23.8 19.1 15.0 11.4 L™ 3 B 338
Forgings ar{d Fittings
[ wem2 B 363
F2 B 381
26.7 21.0 17.1 13.1 9.9 7.6 —_ F7 B 381
{ WPT3 B 363
36.7 29.3 23.8 19.1 15.0 11.4 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, and 600.

Requirgments 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 addition 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 ot\other 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 L301.2U,
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 rterntetHto I 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 SPP-25,
except as follows. Marking shall be stamped on theledge
of each flange:
L302.1 Name

The manufacturer’s name or trademark shdll 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 7, 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

Pressures Are in kPa; Temperatures Are in °C

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 4965 4895 4825 4655 9930 9790 9655 9345
6061-T6 [Note (3)] 1265 1240 1215 1195 3310 3265 3215 3105 6620 6525 6435 6230

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) Rdtings apply to welding neck, lapped, and blind flanges.
(3) Rdtings apply to slip-on and socket welding flanges.
Table L301.2U Pressure-Temperature Ratings
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 19 185
6061-T6 [Note (2)] 275 270 265 260 720 710 700 675 1440 1420 140 1355
6061-T6 [Note (3)] 185 180 175 175 480 475 465 450 960 945 93 905
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) R4tings 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 materlals in Ta.ble L303.2, and bolting listed as 1nterm§—
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 6061 T6, T261 L303.2.3 Low Strength Bolting. Bolting [materials
listed as low strength in ASME B16.5, Table 1B, may be
GENERAL NOTE: Repair welding, of bolting material is prohibited. used in Classes 150 and 300 ﬂanged joints. See para.
L305.
and effect on, temper and ductility. Repair welding of L303.3 Gaskets
any drea other than the weld bevel on 6061-T6 welding Gaskets listed in ASME B16.5, Annex E, Fig. E1, Group
neckflanges shall restrict the pressure/temperature rat-  1a may be used with any rating Class and bqlting.
ings [toythose specified for slip-on and socket welding
flangesT ; i If bolt-

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 limita-
tions.

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.

ing listed as low strength (see para. L303.2.3) is used,
gaskets listed in ASME B16.5, Annex E, Fig. E1, Group
1a shall be used.

L303.3.2 Gaskets for Class 150 Flanged Joints. It is
recommended that only gaskets listed in ASME B16.5,
Annex E, Fig. E1, Group la 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 E, Fig. E1, Group 1 be used. For
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(06)

(06)
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